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Introduction. 

The main features of the geology of Finnmark have been elucidated 
by O. Holtedahl ( 19 18). His excursions in Finnmark during the 
Summers of 19 14- 19 17, he states, have mainly had the character 
of a general survey. with the exception of the map sheet Alta in 
West Finnmark, and in parts the map sheet Nesseby on the Varanger
fjord, which districts have been more thoroughly investigated. In his 
paper of 19 18 Holtedahl assumes that the "Sandstone divisions of 
Finnmark" are younger than Cambrian, mostly because the Porsanger 
sandstone south of the Porsangerfjord Iies apparently conformably 
above the Lower Cambrian Hyolithus zone. Meanwhile, on his 
studies of the sparagmite of central Southern Norway, he became 
aware of great similarities between the "Sparagmite division" and 
the "Sandstone divisions of Finnmark". In 1929, he aga in travels 
through Finnmark (Holtedahl, l 931 ), and, as he finds that the 

Porsanger sandstone is separated from the H yolithus zone by 
thrust plane, he states that most probably the Finnmark sandstone 
and the Sparagmite division are synchronous deposits, i. e. of Eo
Cambrian age. 

In his paper of 1931, Holtedahl points out that a more detailed 
examination of the geological conditions in the environments of the 
upper part of the Tanafjord would largely contribute to a correct 
statement of the age, and to the knowledge of the glacial conglo
merates of Finnmark. I was entrusted with this commission as in 
1933 he organized geological research in Finnmark; I am gi ving 
herein the results of my work there during the Summers of 1933 
and 1934. The financial support for the field investigations was 
granted by the Nansen Fond and Statens Forsknings Fond. 

Norsk geol. tidsskr. 17 5 
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Fig. l. Geological map of Finnmark. 

The bulk of the work has been concentrated on the strati
graphical development, horizontally as well as vertically. Special 
study has been devoted to the tillites and their relation to the adjacent 
parts of the sequence. The study of the variations horizontally has 
in vol ved investigations over a rather extensive area; I therefore had 
to abandon many detail investigations which WO!Jld have been desir
able. As the greater part of the area was desolate territory, I have 
only in a few cases had the opportunity of visiting the localities 
more than once. 

The tectonics have only been studied in connection with the strati
graphy, and phenomena which are of little or no importance to the 
knowledge of the rocks or to the mapping, have had to be omitted. 

As to literature published earlier than 1918 on the rock form
ations of Finnmark, I would refer to Holtedahl's paper of 1918. 
Later publications have been given by H. Reu�ch (1923), Th. Vogt 
( 1929), O. Holtedahl (1931), H. Rosendahl (1931). 
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would like to take this opportunity of expressing my sincere 
thanks to Professor Holtedahl for entrusting me with this work and for 
the valuable assistance he has given me during its preparation. His 
understanding and ability to inspire his pupils have made my uni
versity days a period of my life which I shall always look back upon 
with only the most pleasant memories. 

l. The Stratigraphical Sequence. 

About 200 m. 
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Greyish white quartzitic sandstone. 
Shales and fine-grained sandstone, fossiliferous. 
Light-coloured quartzitic sandstone, with zones 
of dark-coloured arenaceous shale. 
Green siltstone. 
Red quartzitic sandstones, with zones of greenish
grey arenaceous shale. 
Shale. U p per part blue-green, lower, a bo ut 25 m 
red-violet. 
Dark-coloured shale and light-coloured sandstone. 
Variable thickness. 
Upper tillite. Variable thickness. 
Red and brown sandstones and red and green 
shales. Variable thickness. 

60 » Lower tillite. Variable thickness. 
Unconformity. 

About 1200 » Light-coloured quartzitic sandstones and dark
coloured arenaceous shales. "The older sand
stone series". 

A. The Older Sandstone Series on the Tanafjord. 

T h e  q u a r t z i t i c  sa n d sto n es make up the greater part of 
the series. Bed thickness l O cm to 50 cm. Colours are white, 
reddish or grey. Quartz is the predominant constituent; the grains 
are rounded or subangular, on the average 0.2 mm in diameter. 
Subordinately occur, microcline, plagioclase, mica, zircon, and 
tourmaline. 

T h e  z o n  e s  of a r e n a  c e o u s  s h a  l e  con sist most often of 
thin !ayers of sandy or clayey material alternately, the rocks, there-
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Fig. 2. 

fore, easily splitting along the bedding planes. The thickness of the 
sandy layers varies from l mm and upwards. The clayey material 
gives the shale zones a dark colour, which is contrasting to the 
light-coloured sandstones described above. The constituents of the 
sand layers are quartz, biotite, muscovite, subordinate occur, felspar, 
chlorite, zircon, and iron ore. Grain diameter about O.l mm. 

Thin bedded quartzitic sandstones, and slaty micaceous sand
stones, occur in the zones of both kind of types described above. 
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Fig. 3. Thin sections of rocks belonging to the older sandstone series. 

a: light-coloured, quartzitic, sandstone (Ni c. +), b: dark-violet sandstone with limonitic 

matrix, c: arenaceous shale, d: Stangen es shale. Magnification 18 x. 

a, b, c from Tananes, d from Lille Molvik. 

j. F. Stadheim phot. 
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Fig. 4. Stangenes shale, Lille Molvik. The material is somewhat coarser 

in the dark green bands than in the light green. lfz x. 

L. Monsen phot. 

Th e S t a n g e n e s  s h a l e, so named because it is very conspi
cuous at Stangenes north of the mouth of the Tana River, presents 
a more uniform rock, both according to character of the sediments 
and to grain size. Colours are green or greyish green, with some 
red bands. Thin layers of pyrites, about 1 mm in thickness, are 
sometimes seen. The rock has some slaty cleavage at an angle to 
the bedding planes. The constituents are quartz, biotite and muscovite 
in a matrix of greenish chlorite; as accessory, zircon appears. The 
material is of silt grade, the grains being max. O.l mm in diameter. 

The  d a r k  vio l e t s a n d s t o n e  (in the zone 1 at Tananes) is 
of particular interest. A thin section shows chiefly quartz; accessory, 
appear plagioclase and microcline. Rounded grains, diameter 0.15 mm 
to 0.3 mm. Matrix limonitic, reddish, nearly opaque. 

In 1931 small layers of bog iron ore containing manganese were 
discovered in Tarmrjorddal, they were investigated by C. W. Carstens 
( 1933). In the neighbourhood, beds of the dark violet sandstone 
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occur. A chemical analysis of this gives, according to Carstens, the 
following res ult: 

Si02 79.20°/o, Fe 12.42°/o, Mn 0.36°jo, P 0.032°/o, SO.l0°/o. 

The limonitic matrix is accordingly manganeous, and Carstens 
supposes that this sandstone has yielded the material for the bog ore. 

Ripp le  marks and mudcracks occur in all parts of the series. 
In order to solve the question whether the tillite-bearing series 

is resting unconformably on the older series, l had to get an intimate 
knowledge of the latter. The section of Tananes, and that of Stangenes
Vagge-Lavvonjargga, are those most favourable for detailed investig
ations. Very suitable for being used as index zones are the following: 

The Vagge quartzite 
q » Vagge shale 
l » dark violet sandstone beds 
e » Stangenes shale 
d conglomerate layers. 

1. The Section of Tananes. 

The visible part of the series is about 900 m thick. The series 
forms a large syncline; NE of the synclinal axis the beds are 
approximately vertical, in part, somewhat inverted. The thicknesses 
have been measured by tape-line. 

On the north-western part of the promontory, the dip is rather 
irregular, the thicknesses of the zones b, c, and d, could not be 
exactly measured. 

a. The lowermost zone, on the waterside. Arenaceous shale, 
micaceous. Small concretions of pyrites. 

b. 15 m? Quartzitic sandstone, with violet and brown points. 
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Fig. 6. About 200 m of the series of Tananes, seen from SW. 

(From left, zones h, i, j, k). 

c. 20 m? Arenaceous shale. In the upper part occur beds of 
some peculiar conglomerate. The beds are about 10 cm in thickness. 
The fragments consist of dark-coloured fine-grained sandstone and 
of shale. The size of the fragments varies up to about 5 cm, the 
shape is flat but without sharp edges. 

d. l 00 m? Quartzitic sandstone. In the lowermost part, about 
20 m, the sandstones are brown-pointed, and contain conglomerate 
layers. The pebbles range up to walnut size, most of them are 
subangular. Main constituent quartz, subordinate, felspar-fragments, 
of sizes up to a pea. A thin section of the ground mass shows 
quartz, microcline and microcline-perthite, plagioclase, muscovite, and 
pyrites. The minerals are fresh. 

e. 185 m. Siltstone. ("The Stangenes shale. " ) 
f. 10 m. Quartzitic sandstone. 
g. 10 m. Arenaceous shale. 
h. 50 m. Quartzitic sandstone. 
i. 35 m. Arenaceous shale. 

j. 46 m. Thick beds of quartzitic sandstones alternating with 
slaty sandstones. 

k. 62 m. Arenaceous shale and slaty sandstones with some 
beds of larger thickness. . 

l. 38 m. Character of sediments and thickness of beds varying. 
Conspicuous are beds of dark violet, limonitic sandstone. In connec-
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tion with these, grey sand
stones with vi o let points occur. 
Further, grey, quartzitic sand
stones and arenaceous shales. 

m. 20 m. Arenaceous 
shale, with in the middle a 
bed of sandstone, thickness 
0.5 m. 

n. 22 m. Alternating 
beds of violet-brown quartzitic 
sandstone, reddish siltstone, 
grey quartzitic sandstone, grey 
siltstone. The siltstones are 
easily eroded, the sandstone 
beds are left, standing as ribs. 

o. l 00 m. Light-coloured, 
slightly reddish, quartzitic 
sandstone. Thicknesses of 
beds vary, slaty beds inter
vene, especially in the lower 
part. 

p. 200 m. Light-coloured, · 

slightly reddish, quartzitic 
sandstone in relatively thick 
beds. 

q. The youngest zone 

on Tananes consists of dark-

Fig. 7. Shale and thin-bedded sandstone. 

Tananes, zones b. 

coloured slaty sandstones and arenaceous shales. Thicknesses of 
beds range from some millimetres to 15 cm. The beds are crumbled, 
except near the basement. Thickness of the zone cannot be measured. 
("The Vagge shale.") 

2. Stangenes-Vagge-Lavvonjargga. 

From Tananes the same sequence is seen in the steep slopes 
to the NE. The distance is about 4 km, but even at this distance 
the zones may be pointed out roughly. The folding axes dip slightly 
towards NE, the Vagge shale is seen at Vagge as a well-marked 
intercalation in light-coloured sandstone, the shale being overlaid by 
a thick-bedded, pure white, quartzitic sandstone, "the Vagge quart-
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zite." The thickness of the Vagge shale is about 80 m, the Vagge 
quartzite, about 150 m. 

In addition to the pure white colour, the Vagge quartzite differs 
from the reddish sandstone in having coarser and more unequal 
grains. Quartz is the only constituent, the grains are rounded, grain 
diameters range from 0.3 mm to 0.7 mm. 

At Vagge I measured the strata by pacing. I then found the 
main features to be in congruity, but a parallellisation between the 
very beds or small groups of them is difflcult, due partly to the 
absence of distinct divisions between the zones, it being a matter 
of judgment where to draw the limit between an arenaceous shale 
and a slaty sandstone. But there are certainly also variations in the 
sediments from Tananes to Vagge. Such a variation has been pointed 
out in zone m: 

On Tana nes: 20 m arenaceous shale, with in the middle a bed 
of sandstone, thickness 0.5 m. 

West of Vagge: 

(At top) 10 m arenaceous shale. 
O.l m dark-coloured conglomerate. 
l m dark-coloured shale. 

l O m arenaceous shale. 

The conglomerate consists of shale fragments, these are not 
likely to have been transported any distance of importance. 

3. The Eastern Side of the Tanafjord from Stangenes 

to Grasdalen. 

The older sandstone series make up the steep mountain slopes 
of the eastern side of the Tanafjord. An especially distinct section 
is seen in the northern slope of the valley of Lille Molvik. The 
strike of the strata is N 40o E, the dip is 30° towards NW. The 
different zones are easily recognizable, thus I found the quartz 
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Fig. 9. The older sandstone series north of the Lille Molvik valley. 

The mountain side is about 400 m high. 

conglomerate (d) in the ridge between the two rivers. On the 
photograph (Fig. 9), the Stangenes slate is seen to the right, and 

the light reddish sandstone (p) on the to p to the left. The thickness 

of the strata visible on the photograph is about 700 m. 
About 2 km south of Lille Molvik the continuity is to some 

extent broken by tectonical disturbances. 
In the little valley about 3 km north of Lille Molvik we find 

over the Vagge quartzite a zone of shale containing dolomitic beds. 

The colours of the shales are in part dark grey, in part red violent 

with green bands. Some beds contain intraformational conglomerate 
with shale fragments. The rocks also occur at Grasdalen, a locality 
about 4 km further north (Holtedahl, 1918, p. 179). The shales are 
there overlaid by the tillite-bearing sandstone series. Noticeable are 
the intraformational dolomite conglomerates, closely resembling those 
in the Porsanger dolomite. 

I estimate the thickness of the dolomite and shale zone at about 
50 m, but it cannot be accurately measured owing to the debris at 
the bottom of the valle y. 

B. The Unconformity. 

Of considerable interest is the existence of an unconformity 

between the tillite-bearing series and the older sandstone series. 

The angle between the two series cannot be directly observed, being 

on ly l o or 2°; the Iower tillite is, however, res ting on various zones 
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of the older series, and thus the angle 
has been indirectly measured. On the 
Varangerfjord, the corresponding un
conformity has previously been stated 
by O. Holtedahl ( 19 18, p. 166, in English 
summary, p. 309). 

The basement of the lower tillite 
at d ifferent localities appears from the 

-- - The Tarmf_;ord out er pari diagram. The d ifference between Vagge 
and Gapperas (the peak outermost on 
the peninsula west of the Smalfjord) 

--- Th eTarmlj ord rn/dd!epart 
k A G h J �==l. is str i ing. t apperas, t e, at east, 

----Bonaka.s 
rt E���--- -Head of the Sma!f;ord 

�00rn ��3--- -Head of the. Tarmf)ord 

150 m thick Vagge quartzite is lacking 
and also about 30 m of the Vagge shale, 
which is here only about 50 m thick. 

Fig. 10. Diagram showing the 

varying basement of the lower 

tillite. (At Vagge the tillite-

bearing series is absent, but the 

now-present top of the older 

series is indicated.) 

The distance between the localities is 
l O km, the angle of the unconformity is l 0• 

At Kjerringvik, 2 km farther up 
the fjord, the Vagge shale is only 5 a 7 m 
thick. About the same angle. 

Farther up the fjord the tillite rests 
on still older beds. The Vagge shale 
disappears, as does gradually the upper 
part of the light-reddish sandstone. At 

the head of the fjord, the sandstone below the till i te contains inter
calations of dark-coloured shales. 

On the west side of the outermost part of the Tarmfjord the 
tillite rests on the l ight-coloured sandstone, not, however, on its 
uppermost thick-bedded part. At the head of the fjord, zones of 
dark-coloured shale occur only 20 a 30 m below the tillite, and a 
little farther downwards, the conspicuous beds of dark violet l imonitic 
sandstone appear. At !east 200 m of the series have disappeared 
in the course of about 5 km; the angle is here more than 2°. 

One may to some extent determine the direction of the !argest 
angle of unconformity. Lines drawn between the localities where 
the t ill ite has the same basement, have the d irection N 50° a 60° 
W--S 50° a 60° E. Thus the d irection of the !argest unconformity 
is towards N 30° a 40° E. 
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Fig. Il. The Capperas mountain, seen from SW. The lower tillite 

bed forms the slope to the left, the bed rests upon the Vagge shale, which again 

Iies upon light-coloured sandstone. 

An indication that the unconformity is due to erosion and has 
not been caused by changes of facies or original dying out of beds, 
is the occurrence at Gapperas of a breccia which forms the transition 
rock between the Vagge shale and the tillite. The breccia is about 
l m in thickness. Angular fragments of dark green arenaceous shale 
are lying irregularly in a matrix of a shade of lighter green colour. 

The size of the fragments varies from 10 cm and downwards, the 
mineral constituents are quartz (diameter about 0.05 mm) , muscovite, 
green chlorite, iron ore, and a little biotite. The lamination in the 
shale fragments is due to the varying amount of chlorite relative to 
quartz. The matrix has the same constituent as the fragments, but 
the amount of mica and chlorite relative to quartz is larger. 

The material forming the breccia is obviously derived from the 
rocks below, belonging to the Vagge shale. The fragments are 
identical with the arenaceous beds, whilst the more clayey beds have 
afforded the material for the matrix. Furthermore, transitions from 
regular beds to breccia have been observed. 

The transition from breccia to tillite is also not distinct, small 
parts of the breccia rock and fragments of the shale have been 
found in the lowermost part of the tillite. And, in the breccia, some 
straggling rock fragments of foreign origin occur. 
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Fig. 12. Breccia below the lower tillite at Gapperas. 1/zx. 
L. Monsen phot. 

Obviously a gla
eier, possibly the base 
of floating icebergs, 
have in the remote 
glacial period eroded 
the Vagge shale. Most 
probably the grinding 
has taken place in 
shallow waters. 

Crushing pheno
mena of another ori
gin are frequently 
found at the plane 
of junction between 

the solid tillite layer and flexible shales, the crushing being due to 
the different power of resistance towards falding. Such breccias are 
schistos and are traversed by joints or by veins of quartz or calcite. 
The breccia rock at Gapperas, however, has no schistosity and is 
entirely consolidated. Further, the occurrence of foreign rock frag
ments (granite) in the breccia can only be explained by supposing 
the ancient glacier (or floating icebergs) to have been the crush
ing agent. 

The breccia zone has been observed at several places near 
Gapperas, investigations may most favourably be carried out at the 
eastern side of the hill NN E of the to p of Gapperas. 

Glacial striae on the substratum of the tillite have not been 
found in the Tana district. 

C. The Tillite-bearing Series on the Tanafjord. 

The tillites occur as two extensive layers, separated by a stage 
of brown and red sandstones and red and green shales. Above the 
upper tillite comes a stage consisting of beds of light-coloured sand
stone and dark-coloured arenaceous shale alternately. This stage is 
overlaid by a slaty mudstone, the colours of which are in the lower
most part red, in the upper, larger part, bluish green . 

These rocks have a rather wide distribution in the Tana district, 
and a number of localities will be described, but general description 
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of the stages is first needed. The rocks higher up in the sequence 
will be described in connection with the description of certain localities 

on the peninsula between the Tanafjord and the Langfjord. 
The thickness of the tillite beds and of the intervening shale

sandstone zone is variable, evident! y original; the variation will be 
discussed in the summary. 

I. The Lower Tillite. 

The rock consists chiefly of material of silt and clay grade, 
which forms a matrix in which rock fragments of all sizes are dis
persed . At first sight the rock appears most often as a thoroughly 
unassorted o ne; on el oser investigation, however, the material is 
found in a number of cases to be somewhat assorted. This strati
fication may be of different kinds: 

l .  Rather large parts of the rock have some coarse assortment. 
Irregular layers - or lenses - of grave!, consisting in itself of 
fragments of varying sizes, alternate with fine material. It resembles 
glacifluvial deposits. This kind of stratification is often observed on 
the peninsulas between the Smalfjord and the Vestertanafjord. 

2. Some distinctly assorted horizons occur, the tillite being 
otherwise unassorted. The layers may be up to 30 cm in thickness. 
Usually, only the finest material is assorted, whilst pebbles and 

larger blocks are irregularly dispersed. 
3. Even when the rock appears unassorted some traces of 

stratification may be observed, lines of very fine-grained material 

alternating with lines of some coarser grain. The lines are not 
entirely parallel and may die out after a little distance. 

4. Also in cases where no stratification is apparent, a micro
scopical one may occur, the flakes of mica and also the elongate 
fragments of other minerals being subparallelly arranged. 

During the period of folding, the tillite has received a secondary 
schistosity, which more or less disturbs the traces of stratification. 

T h e  e r r a t i c s  in the tillite may be of all sizes up to 2m in 
diameter, boulders larger than 0.5 m in diameter, however, do not 
frequently occur. The shapes are usually irregular, but the edges 
are somewhat rounded. Also entirely angular erratics may occur, 
especially near the southern border of the sedimentary rocks. 



80 SVEN FØYN 

Some boulders with glacial striae have been found by H. Reusch 
(1891) in the (upper) tillite at Bergeby in the Varanger district and 

by O. Holtedahl ( 1918) in the Alta district. In the Tana district, 
not a single stone with glacial striae has been found. I have, however, 
made no special search for striated boulders. 

Dolomite is the rock most frequently occurring among the 
erratics in the lower tillite. On the peninsulas between the Smalfjord 
and the Vestertanafjord dolomite, in particular, dominates. The 
weathered surface of the dolomite has a brownish yellow colour, 
the fresh fracture is light greyish. Usually the rock shows no 
structure; the re have been found, however, fragments of oolith rock, 
of dolomite breccia, and fragments with stromatolites. Such rocks 

also occur in silicified state. 
N ext to dolomite, Pre-C am brian crystalline rocks are most 

common. Near the southern border of the sediments these rocks 
prevail. The rocks are granites, granodiorites, quartz diorites, gneiss
granites, gneisses, and diabases. A petrographic description will be 
given in connection with the problem of the source of the tillite 
material (p. 124). Erratics of quartzitic sandstone have also rather 
frequently been found; none of them was above the size of a 

man's head. 
Th e c o l o ur s of the lower tillite are greenish-grey, brownish

yellow, or red-brown. The greenish colour is due to chloritic 
material in the matrix, most part of the chlorite is evidently authi
genic. With increasing amount of dolomite the colour of the surface 
grows grey and gradually brownish-yellow, dolomite being the pre
dominating constituent both of matrix and erratics. The fresh fracture 
of the dolomitic tillite has a light grey colour. 

The red-brown colour, typical of the tillites near the southern 
border of the sediments, is due to a fine-grained opaque mass 

dispersed between the fragments, the mass looking red by reflec

ted light. 
T h e  m a t  r i  x always constitutes a larger part of the rock 

than do the erratics. The amount of erratics may be so small that 

such are found on ly after some search; the rock is then to be 
termed coarsely arenaceous mudstone (e. g. some places between 
the Smalfjord and Bonakas). However, at !east, small erratics use 
to occur. 

T h i n  s e  c t i  o n  s .  As examples, three specimens are described: 
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Fig. 13. Dolomitic tillite with coarse stratification. Local block, 

from the lower tillite, loe. No. 2, Tarmfjord. 

l. Greyish-green tillite poor in erratics. Locality: West side of 

the up per end of the Smal fjord (loe. No. 8). 

Lower part of the tillite layer. Megascopic no stratification. 
Schistosity slightly developed. With the microscope: Quartz in 
angular grains, fresh plagioclase, some microcline, muscovite, biotite, 
some grains or other of tourmaline, a little chlorite and carbonate, 
in a matrix which chiefly consists of minute grains of the same 
constituents. The mica flakes are subparallelly arranged, at an 
oblique angle to the planes of schistosity. 

2. Dolomitic tillite, brownish-yellow in colour. Locality: (No. 2) 
4 km NE of Torhop. The coarser material of the specimen is 
unassorted, but very small elongate fragments are subparrallelly 
arranged. The rock has no schistosity. 

With the microscope: Fragments of a fine-grained carbonate 

rock, fragments of carbonate, quartz, muscovite, some iron ore, and 
accessory grains of microcline and zircon. The quartz grains are 
sharply angular, the sizes range from 0.03 mm to O.l mm. The 
microstratification appears clearly. 

3. Red-brown tillite. Locality: Cikkojok. Megascopic no assort
ment, and no schistosity. Microphot. Fig. 14. 

Norsk geo!. tidsskr. 17 6 
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Fig. 14. Thin section of the lower tillite, Cikkojok. 

Fragments of gneiss and quartz. Colour of the
. 

matrix red-brown. 

Nic. :f. 18 x. j. F. Stadheim phot. 

With the microscope: Sharply angular fragments of quartz, acid 
plagioclase, biotite, muscovite, garnet, chlorite, magnetite and of gneiss 
consisting of the same minerals. The fragments are numerous, and 
of all sizes, the red-brown actual matrix of clay grade is present in 
comparatively small quantity. No stratification at all. 

2. The Red and Brown Sandstone and Red 

and Green Shale. 

The very contact between the lower tillite and this stage has 
not been frequently observed, the shales being eroded more easily 
than the tillite and the contact therefore being covered with loose 
deposits. The very contact can be seen on the shore about 3 km NE 
of Torhop (Tarmfjord) , the transition there appears to be continuous, 

the amount of erratics in the uppermost part of the tillite gradually 
disappearing, the material at the same time growing regularly assorted. 

The lowermost shales are green in colour; slightly a bo ve, however, 
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Fig. 15. Thin section of sandstone, from the stage between the tillites. Seida. 
The minerals are chiefly quartz, felspar, garnet, and magnetite. 

Nic. :f. 18 x. j. F. Stadheim phot. 

the red colours predominate. Lowest, there are a few metres of red 
shale which has a conspicuously vi vid colour; sandstones are absent. 

The difference in colour is due to contents of dolomitic material. 
The bright red colour is characteristic of the basal zone of this 

stage all over the Tana district. Dolomite may in some layers be 
the predominant constituent and the rock has a yellow colour. In 
this case, quartz grains and lines of red-brown clayey material form 
impurities only. 

In the larger part of the stage, sandstones and shales alternate. 
The red shale contains green layers appearing on the planes of 
schistosity as green bands. The lamination may remind one some

what of "varves", although the banding is too irregular to give a definite 
impression of varves. Ripple marks occur. 

The development of this stage in the environment of the upper 
end of the Tanafjord differs from that in the areas near the southern 
border of the sediments. On the Tanafjord the thicknesses of the 
sandstone beds may be 10-20-30 cm, sometimes more, but in 
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Fig. 16. Thin section of red 

and green shale, from the head 

of the Smalfjord. See text, 

p. 84. Magnification 5 x. 

L. Monsen phot. 

SVEN FØYN 

few cases above 50 cm. The quantity 
of sandstone is equal, or nearly so, 
to that of the shale; as to the gra in 
size, the material ranges from clay to 
medium sand. In the southern areas, 
however, the sandstone largely exceeds 
the shale in quantity. The average thick
ness of the beds is increased, beds more 
than l m in thickness are common. The 
maximum size of the grains is also 
increased, so that in a number of cases, 
the sandstone must be described as 
"very coarse", the grains being up to 

3 mm in diameter. Always, however, 
there are beds of shale and of sand-
stone of medium grade. 

The main constituents of the sandstones are quartz, acid plagio
clase, garnet, and magnetite; zircon and rutile appear in smaller 
quantity, and some biotite, chlorite, and muscovite use to occur. 

In some beds the quantity of garnet is very large. 
From sandstone to shale the quantity of mica and chlorite 

increases, and the heavy minerals and felspar disappear. Thin 
sections of the red shales show small grains of quartz, biotite and 
muscovite in a fibrous, very fine-grained mass. The biotite is 
brownish-green, as the muscovite more or less changed into green 
chlorite. To a large extent, the muscovite is probably authigenic. 

In the green shale the fibrous matrix seems to consist chiefly 
of muscovite and chlorite, the refraction being rather high, the inter
ference colours being partly vivid, partly low and anomaleous. Some 
grains of authigenic pyrites may occur. 

In the red shale chlorite and muscovite appear in somewhat 
smaller quantity. The red colour is due to finely-divided particles 
of ferruginous matter. 

In Fig. 16 a microphoto. of banded red and green shaie is seen. 
The thin section has been cut perpendicularly to both lamination 
and schistosity. The lamination seen is due to alternating lines of 

somewhat lighter and darker red colour. The distance between two 
uniform lines is about 0.5 mm. On large magnification, the lamination 

also appears with the subparallel orientation of the mica. The planes 
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Fig. 17. Slate quarry at Alte berget. 

of schistosity cut off the larger flakes of mica into parallelograms. 
The distance between two primitive planes of schistosity is about 
0.02 mm. Different parts of one mica flake may be relatively dis
placed or they may have collapsed on account of compression. Very 
small flakes of mica have developed along the planes of schistosity, 
and in the red part of the shale, the dark ferruginous substance has 
been concentrated along the planes. 

Taken as a whole, the bands of differing colour and the lamination 
are parallel; but bands of more irregular, in part lenticular, shape 
also occur. One gets an impression that the variation of the colours 
is secondary, even if primarily induced. See Fig. 19. 

At Alteberget in Vestertana, the lamination of the shales is 
coincidental with the schistosity; roofing-slates are here quarried. 

3. The U p per Tillite. 

The transition from the shale-sandstone stage to the upper tillite 

is continuous, wherever it has not been destroyed by tectonical 
disturbances. The colour of the tillite is greyish-green, except near 
the southern border of the sediments, where red-brown colour occurs, 
as in the case of the lower tillite. The boulders in the upper tillite 
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Fig. 18. Grey-green tillite, -with three 

dolomite pebbles and, uppermost, a. gneiss 

pebble. The upper tillite, Stappogiedde. 1/4 x. 

L. Monsen phot. 

chiefly consist of Pre-Cambrian 
crystalline rocks, dolomite rocks 

be ing in the second rank. In 
the upper tillite, small fragments 
of green or red shale occur in 
a number of cases. The size 
of the fragments is up to l cm 
in length; the fragments are 
generally pressed flat in ac
cordance to the schistosity of 
the tillite. The colour of the 
tillite agrees with that of the 
shale fragments, one single case 
excepted, where one fragment 

of green shale occurs together 
with red fragments in red brown tillite. In the lower tillite, I have 

only at one place observed a general occurrence of shale fragments, 
viz., at Grasdalen, where fragments of dark shale are present. 
It must be remembered that the tillite there rests on the zone of 

dolomite and dark shale. 

4. The Dark-coloured Shale and Light-coloured 
Sandstone. 

The upper tillite shades upwards into a dark arenaceous shale, 
the amount and the size of the erratics decreasing and, at last, 
disappearing, the fine material growing regularly stratified_ Somewhat 
higher, massive beds of sandstone occur, alternating with the shales. 
The sandstone beds may be more than l m in thickness, and the 
material may be very coarse, the grains being up to the size of a 
pea. The grains are most often angular; bes i des quartz, felspars are 
frequently present, the plagioclase is fresh. The colour of the sand
stone is most often white, locally dark beds occur. The shales are 

dark-coloured, arenaceous, micaceous; they split in thin sheets along 
the bedding planes. The very sheets may be rather arenaceous, but 

separated by a layer of clay material. 
The sudden alternations between thin-splitting shales and massive 

beds of coarse material, indicate rapid variations in the conditions 
of depositing. Ripple marks are frequently observed. 
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The thickness of the stage 
varies somewhat, generally, 

it is between 20 m and 40 m. 
Any regularity in the variation 
has not been found. 

5. The Red-violet 

and the Bluish-green Shale. 

Gradually the conditions 
of deposition seem to stabilize, 

the next l 00 a 150 m con sist 
of a rather homogeneous shale 
rock. O ne relapse occurs: 
there is in the lowermost part 

Fig. 19. Red-violet shale, with light-greenish, 

somewhat irregular, bands. Between Gras

dalen and Troll fjord. 1/4 x. 

L. Monsen phot. 

a bed of sandstone, about l m thick, of the same kind as described above. 
In the lowermost part, about 25 m, the shale is of red-violet 

colour, with green bands, and is quite like the most fine-grained 
shale in the stage between the tillites. The upper, larger part, has 

a purely bluish-green colour. The rocks have almost always a slaty 
cleavage, which in few cases is coincidental with the lamination. Any 

bedding is not genera Il y seen; the lamination appears on the plan es 
of schistosity as lines of slightly differing lustre, the somewhat coarser 

material reflecting the light more diffusely, and often also being a 
shade darker in colour than the finest material. The lines may be 
of a most varied breadth, from a fraction of a millimeter to some 
centimeters. 

The lines are suggestive of varves, but they are perhaps too 
irregular. 

In the red-violet shale, the lamination is also indicated by the 
green bands; however, these bands are, as in the shale between the 
tillites, not always quite regular. 

Thin section of bluish-green shale: In a greenish, very flne
grained mass, one may distinguish grains of quartz and of colourless 
mica, in part changed into green chlorite. In the more coarse-grained 

layers the quartz may be up to 0.05 mm in diameter. 
The colour of the red-violet shale is due to red-coloured dust

like particles. 
The eastern development of the stage seems to differ from that 

of the north-western. In the former (Maskejavrre - Leirpollen) the 
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Fig. 20. a: sandstone of the older series, b: the lower tillite, 

c: red and brown sandstone and shale, -- - thrust plane. 

thickness seems to be somewhat larger than in the north-western 
(Vestertana, and westwards); however, no exact measurements have 
been made. Further, in the eastern district two strokes of rather 
compact beds are noted; these beds of relative! y arenaceous material 

stand out a little on the mountain sides. 

6. Description of Same Localities on or near the Tanafjord. 

Th e p e n i n s u l a  b e t w e e n  t h e  S m a l f j o r d  a n d  t h e  T a r m 
f j o r d .  A n  anticline forms the ridge o f  the peninsula and a syncline 
forms the valley east of it (section, Fig. 20). The tillite of the 
anticline has in part been thrust above the red and brown sandstone 
and shale of the valley. The direction of the folding axes is N 45 E. 

Outermost on the peninsula, the lower tillite rests on Vagge 
shale, which disappears towards the SW, where the tillite rests on 
light reddish quartzitic sandstone. Along the Smalfjord the quartzite 
and the tillite have a regular dip towards NW. In the outer part 
of the north-western side of the peninsula, the quartzite Iies fairly 
flat, but south of Torhop the strike and dip of the rocks are very 
irregular, and farther south, at Ookkales (loe. No. 7) parts of the 
quartzite have been thrust over the tillite. 

On the outer part of the peninsula, the lower half of the tillite 
layer is dolomitic, and of brownish-yellow colour, whilst the upper 

half is greyish-green. The border plane is rather distinct. On account 
of overthrusts this group - the brownish-yellow tillite and the 

greyish-green tillite - may occur twice, in cases thrice, one over 
the other; the thrust planes are more or less perceptible. 

In the dolomitic part of the tillite, both the erratics and the 
matrix consist chiefly, in some cases, exclusively, of dolomite and 

silicified dolomite. 
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Fig. 21. Tillite with strongly deformed dolomite boulders. The dip 

of the schistosity is NW. Between loe. Nos. 4 and 5. 

Boulders of gneisses, granitic rocks, diabases and sandstones have 

been observed, but in few cases. The size of the boulders may be 

up to one metre in diameter, but are seldom above half a metre. 

A coarse assortment is often seen. In the greyish green type, the 
amount of boulders is far smaller. The amount of dolomite boulders 

has diminished, whilst that of the other rocks is about as in the 

dolomitic tillite. The maximum size of the boulders is smaller in 
the greyish green tillite. 

The thickness of the dolomitic part diminishes towards the south. 
L o c .  No . l . A portion of light-coloured quartzite, evidently 

been placed there by tectonical movements, occurs in the tillite. 
L o c .  No . 2. The autochthonic tillite is 20 m a 25 m in thick

ness; the dolomitic tillite constitutes about the half. 
L o c .  N o .  3. Portions of red shale may be seen between the 

autochthonic tillite and the overthrust one. At the base of the over
thrust tillite, portions of the light-reddish quartzitic sandstones and 

of some dark basal layers of the tillite happen to occur. 
Between loe. No. 2 and loe. No. 4 ,  on the shore, the tillite is 

normally overlaid by red shale. The shale extends about 2 km 

towards the SW, but disappears just south of the road, being squeezed 

out by an overthrust tillite mass. 
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Fig. 22. Loe. No. 6, (see photo. Fig. 23). a light-coloured sandstone, b l m dolo

mitic tillite, c 15 å 20 m greyish-green tillite, d dolomitic red shale, e 7 å 8 m 

dolomitic tillite, f 3 å 4 m green tillite, g 2 m dolomitic red shale, h dolomitic 

tillite. Thrust planes between d and e, and between g and h. 

L o c .  No . 4 .  A crag of tillite and light coloured sandstone 

Iies on red shale. 

L o c .  No . 5. West of Bogejavrre, contact is seen between the 

autochthonic tillite and its substrata, light-reddish, quartzitic sandstone. 

The strata dip towards SE. The basal part of the tillite consists of 

a greyish green, coarse-grained, arenaceous rock, containing a few 
erratics. Thickness of this part is about l m. Above this comes 
about 5 m dolomitic tillite, coarsely assorted, and thereon greyish 
green tillite. 

L o c .  N o .  6. Here the thickness of the dolomitic tillite is on! y 
about l m, it has a coarse assortment. I have not observed the 
direct contact with the substratum. On the dolomitic bed rests a 
greyish arenaceous rock with few erratics, and thereupon greyish 
green tillite 15 a 20 m in thickness. At the eastern side of the 
anticline, the dip is nearly verticaly, the tillite is overlaid by the 

vividly red-coloured beds in the lowermost part of the red brown 

shale-sandstone zone. But at the west side of the anticline only a 
thin zone of red shale is seen, and above it, again tillite. This shale 

is sheared, it thins out and disappears towards the west so that the 
overthrust tillite and the autochthonic come into contact. Also the 

lowermost part of the overthrust tillite is somewhat sheared and the 

dolomite boulders flattened. These are intersected by two systems 
of joints filled with quartz. The quartz planes do not intersect the 
ground mass of the tillite; but they must have been formed in 
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Fig. 23. Loe. No. 6. Seen from NE. For explanation see Fig. 22. 

connection with the shearing, as the joints are missing where the 

tillite has not been exposed to shearing. Further, the systems of 
joints in neighbouring boulders have about the same orientation. 

As seen from the sectio'n (Fig. 22) another thrust plane (prob

ably) occurs higher up. 

L o c .  No. 7. In addition to the thrust sandstone, some portion 
of the tillite is pro ba bly allochthonic. Just east of the thrust sand
stone masses, there occur in the tillite portions of red dolomitic 

shale, probably belonging to the zone above the tillite, and thus, in 
this case, separating allochthonic tillite from autochthonic. Perhaps, 
however, they may be layers in the tillite, as can be seen west of 
the Tarmfjord. 

T h e  h e a d  o f  t h e  S m a l f j o r d , a n d  eastward to  Bonakas.  
L o c.  No . 8. In the " 132" m hill the tillite rests on flat-lying 

beds of Jight-coloured sandstone. Here the tillite has a basal zone, 
about 8 m in thickness, of Jaminated siltstone, with a steep, slaty 
cleavage. The colours of the slates are mostly red, with green bands, 

but also green with darker green bands. The actual contact between 

siltstone and the underlying sandstone cannot be observed. The 
transition from siltstone to tillite is continuous, the stratification 

disappearing and small erratics occurring. The lamination and the 
border plane are conformable, and the material is in both cases of 

the same kind, but coarser above the border plane. Quartz is the 

main constituent of the siltstone; further, microcline, sericitized 
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plagioclase, muscovite, carbonate, a little iron ore and green chlorite 
occur. The chlorite seems in part to be developed from brown biotite. 

The whole of the tillite is of the greyish-green type, poor in 

erratics. The thickness is about 45 m, the basal layers excepted. 
On the steep side to the west, a distinct line in the tillite, about 

1 5m from the top, can be seen. It is a stratigraphical border; the 
tillite above is more greyish in colour than the green tillite below; 

further, it contains more erratics and is harder than the rock below. 
At the border plane, I have observed a boulder of flint (of size 
about 30 cm in diameter), adhering to both parts of the tillite. 

The thickness of the tillite is worth noting. It is larger than 

farther north, despite the fact that the dolomitic tillite is absent. 
Between the head of the Smalfjord and the Tana River the 

tillite is everywhere green or greyish-green, and contains few erratics, 
at some places al most none. just east of the Smalfjord the tillite 
has the basal zone of stratified siltstone, farther east, the tillite 

material Iies on the light-coloured sandstone direct. 

Along the Bonakas River, the u p p e r  t i  I l  i t  e stands as a steep 
wall. It keeps this steep position more towards the SW to eastern 
Bjørnevann. South of Bjørnevann, ridges of the upper tillite and 

of red-brown shale and sandstone occur alternately. 9 km south of 
the head of the Smalfjord , a crag of the older sandstone series 

projects, the anticlinal axis doming. West thereof, a thin zone of 
the Iower tillite is found, overlaid by red-brown shale and sandstone. 

As the rock around the crag is to a rather high degree covered with 
loose deposits and vegetation, no exact measurements of the thickness 
of the tillite can be made; it seems, however, on! y to be a few meters, 
i. e. the thickness seems to be much smaller here than on the 
Smalfjord. 

Ea s t  o f  t h e  T a n  a Rive r .  At Rød berget the following sequence 
can be identified: 

Bluish-green shale, the basal part red-violet. 
Dark arenaceous shale and light-coloured sandstone. 

U p per tilli te. 
Red-brown shale. 
Lower tillite. 

Light-coloured quartzitic sandstone. 
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Fig. 24. Sandstone of the older series resting with thrust contact 

on the lower tillite. Cokkales (loe. No. 7). 

The name Rødberget ( "The Red Cliff" ) is due to the vividly 
red colour of the slope of debris, formed by the disintegration of 
the zone between the tillites. The slope of Blåberget ( "The Blue 

Cliff" ) consists of debris from the bluish green shale above the 
upper tillite. 

Farther north, the lower tillite is situated at the top of the 
precipice. The thickness of the tillite is more than 20 m, the tillite 
is rich in boulders of several kinds of rocks, the size of the boulders 
being often that of a man's head. No stratification is seen. The 

colour of the tillite is grey, neither like that of the dolomitic tillite 

nor the usual greyish-green. 
Most southerly. the tillite, as sa id, rests on light-coloured sand

stone. To the north, the Vagge shale intervenes, with increasing 
thickness. In the latitude of Tana Church it has its whole thickness 
and is overlaid by Vagge quartzite; however, here the tillite-bearing 
sandstone series is separated from the older series by a disconformity 
of tectonical kind. 

The tectonical conditions are rather peculiar. The positions of 

the beds in the valley east of Tana Church appear from the section 

( Fig. 25, and Fig. 26). The beds of the younger sequence are inverted, 

the dip being conformable with the thrust plane, about 60° to WNW. 

Of the lower tillite only remains are found, on the north side of the 

valley. The thickness of the red-brown shale seems to be smaller 

than at Rødberget, the stage being probably somewhat squeezed. The 



94 SVEN FØYN 

Fig. 25. The little valley on the east side of the Tana River, 

east of Tana Church. Se en from NE. For explanation see Fig. 26. 

vividly red dolomitic beds just above the lower ti1lite are clearly 
visible. The upper ti11ite, the stage of dark arenaceous shale and 
light-coloured sandstone, the bluish-green shale with the red-violet 

basal beds, are we11 exposed farther up the river-cut. 
The beds of the older series stand about perpendicular to the 

beds of the younger one, the dip being about 30° to ESE. 
Some distance north of the va11ey, both of the ti11ites and the 

jntervening zone are lacking; the older series is found in con ta et 
with the bluish-green shale. 

The thrust plane at L a v  v o n  j a r  g g a  (sect. Fig. 8) is perhaps 
a continuation of that just mentioned. There the lower tillite borders 

on the older sandstone series, the contact being of tectonical kind. 
The lower tillite is strongly sheared; a ny measurement of the thick
ness is of no u se. The stage between the tillites is of about l 00 m 

in thickness (measured by pacing). The beds are inverted, the dip 

is 60° to NW. The zone here consists nearly exclusively of shale. 
The up per til lite is a bo ut l O m thick, it is rich in boulders, its colour 
greyish-green. The stage of dark arenaceous shale and light-coloured 
sandstone has a thickness of 20 m, the dip is 80° to NW (inverted). 

The rocks of the syncline are the bluish-green shale. The pretty 
red-violet green-band ed basal beds are seen quite a distance along 
the shore. At Li11e Leirpo11en the underlying strata rise again. 
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Fig. 26. Loe. like that of Fig. 25. 
a sandstone of the older series, c red.brown shale, d the upper tillite, 

e dark-coloured shale and light-coloured sandstone. 

L e  i r p  o Il e n .  West of the o u ter part of Leirpollen, the up per 
tillite and its adjacent rocks are exposed. In a little quarry along 
the road, the underlying green and red shales are found, the border 
plane against the tillite, and the lamination of the shales are entirely 

conformable. The tillite is dark greyish-green, it carries erratics of 

all kinds, but comparatively much of dolomite. The thickness is 
about 10 m. The overlying zone is at most 20 m in thickness. The 

sandstones may be of very coarse grain. Some of the beds have 
a rather dark colour. 

East of the uppermost part of Leirpollen some crags of the 
upper tillite appear at the base of Lammeskallefjellet. At some 
distance farther north, a white quartzite is exposed, it is the Vagge 
quartzite, and, nearer the sea, the light-reddish quartzite is found. 
The stratigraphical distance between the Vagge quartzite and the upper 
tillite is peculiarly small; consequently the thickness of the zone 
between the tillites must also be very small. Studies along the little 

river north of Lammeskallefjellet may perhaps clear up the problem 
of the thickness of the lower tillite and of the red brown shale. 

Any tectonical disturbances of importance do not seem to be present. 
Gr a s d a l e n  and T r o l l f j o r d  (section Fig. 28) are the most 

northern localities from which the tillites of the Tana district are 
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Fig. 27. Lam meskallefjellet, east of Leirpollen. a light reddish quartzite, a' Vagge 

quartzite, d the upper tillite, e dark shale and light-coloured sandstone, f blue-green 

shale (containing two strokes of harder beds), g red quartzite. 

Lowermost a quaternary shore terrace. 

known. The younger series here occurs as an isolated portion sur

rounded by the older sandstone series to the south, east and north. 

At Grasdalen (see Holtedahl, 1918, p. 179) the lower tillite rests 
on a zone consisting of dark shale and of dolomite, which is the 

uppermost zone known of the older sandstone series. The tillite is 

rather dark gre y, the erratics are small, usually below l O cm in 

diameter. Dolomite rocks are most often seen, but also Pre-Cam
brian crystalline rocks are found. Small fragments of dark shale 

occur frequently. 
The thickness of the tillite layer is 7 m; some stratification 

appears in the lowermost and the uppermost portion. The tillite 

layer dips towards north; it is overlaid by red-brown or green shale. 
High er up this stage, beds of greyish-brown colour occur; the 
thickness of each bed is l O a 20 cm. 

About l km north of Grasdalen, south of the little river, brownish
yellow crags of the u p p e r  tillite are seen on the hillside. It is, for 
once, rich in carbonate; both erratics and groundmass effervesce with 

dilute hydrochloride acid. The thickness is 10 a 15 m (without any 
pretence to accuracy). 

The upper tillite does not occur on the shore on account of 

tectonical disturbances. The greyish-brown sandstone below, there 

comes in contact with the stage above the tillite, viz., the dark 

arenaceous shale and coarse sandstone. This stage is here at !east 

20 m in thickness. 
Farther north, the mountain side is made up by red-violet shale 

and bluish-green shale. On the promontory, the upper tillite and 

the adjacent rocks appear. The mountain side south of the Trollfjord 
consists of the bluish-green shale, a short distance excepted, where 

a portion of light-coloured sandstone Iies with a tectonical contact to 

the shale. 
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Trollfjorri 1ooo m Grastialen 

Fig. 28. a' Vagge quartzite, a" shale and dolomite, 

b lower tillite, c red-brown and green sandstone and shale, d upper tillite, 

e dark shale and light sandstone, f red-violet shale 

and blue-green shale. 

South of the head of the Trollfjord, I have observed the whole 
sequence of rocks from the dolomite-bearing dark shale to the bluish

green shale. 
The lower tillite is, as at Grasdalen, dark-coloured and hard; 

the erratics are most aften of dolomite rocks, but granites, gneisses 
and sandstones are also observed. Of the upper tillite only some 
crags are seen, it is easily recognizable on account of the brownish

yellow colour of the surface. 

T h e  p e n i n s u l a  w e s t  o f  t h e  T a r m f j o r d. Outermost on 
the peninsula, the tillite rests on light-reddish quartzitic sandstone. 

The basal part of the til!ite, about 2 m, is a dark, greyish-brown, 
coarse sandstone, which carries a few erratics. The tillite above 

it is dolomitic. 

L o c. No. 9. The basal bed of the til! i te has a somewhat lighter, 

green, colour. The brownish-yellow dolomitic tillite above it contains 
at different levels layers of well stratified, red-violet mudstone, in 
which some straggling erratics and also some thin layers of dolomite 
grave! may occur (see Pl. 4). This red-violet mudstone appears 
as irregular lenses of more or less extent. The tillite may also in 
places be red-coloured. 

Over the dolomitic tillite which is 8 m a l O m in thickness, 
comes greyish-green tillite, 15 m a 20 m. Then again, dolomitic tillite 

and greyish-green tillite, and then once again the same group. The 

whole thickness is 70 a 90 m. Some red and green shales are same
times seen. The border planes between the groups are distinct, but 

I have not observed any special shearing of the rocks. Meanwhile, 
it must be supposed that the conditions are analogous with those on 

the peninsula between the Tarmfjord and the Smalfjord, where 

positive thrust planes are observed, partly with, partly without 

Norsk geo!. tidsskr. 17. 7 
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shearing of the rocks. Consequently, the tillite is probably tripled 

on account of overthrusts. 

Lo e .  No. l O. The tillite has a basal zone of sandstone, of 

l O a 15 m in thickness. Lowermost, the sandstone is dark-coloured, 

higher up, lighter, it is coarse-grained and contains irregular layers 

of conglomerate, chiefly of dolomite pebbles, generally of a size 
like a nut. 

Lo c. No. l l . About where the ro ad runs a cross the height 

from the Tarmfjord to Vestertana, the greyish-green tillite rests on 

a light-coloured sandstone direct. I cannot say whether this sand
stone belongs to the older sandstone series, or whether it is to be 

regarded as the basal beds of the tillite-bearing series. 

Slight traces of stratification of the tillite are often seen near 

the road down to Vestertana. 

F a r t  h e r  s o u t h  w a r d ,  the tillite is constantly greyish-green. 

In the district west of Langryggen, about 6 km SSE of the head of 
Vestertana, the thickness of the tillite has greatly diminished. The 

underlying light-coloured sandstone and the overlying red-brown 
shale and sandstone at several places Iie nearly in contact with each 
other. In the river-cut of the river from Tennevann, the thickness 

is not more than 5 m. The rock is, however, in this area, to a 
rather high degree covered with loose deposits. 

On the east side of the oblique antieline from Cokkales (loe. 
No. 7) and southwards, the tillite stands nearly vertieally, somewhat 
inverted, with light eoloured quartzite west of it, and red shale 
and sandstone east of it. just east of Langryggen the up per tillite 
also oeeurs. 

S u  o r  c c e j o  k (Seet. Fig. 29). The lower tillite is visible on the 
shore at Skjærneset (loe. No. 12). The upper tillite Iies at the top 

of the mountain side, the layer dips towards the west. At the mouth 
of Suorccejok, the upper tillite is seen at the bottom of the valley. 

The mountain side west of the head of Vestertana, eonsists of red 
and brown shale and sandstone whieh are more or less strongly 
folded. It would be very diffieult to make measurements of the thiek

ness of the zone, but I estimate the thiekness to be some hundred 
metres. 

The road-cuts about l km west of the mouth of Suorccejok, 
present good opportunity for studing the upper tillite and the adjaeent 
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Fig. 29. a light-coloured sandstone, b lower tillite, c red and brown 

sandstone and shale, d upper tillite, e dark shale and light sandstone, 

f red-violet shale and blue-green shale. 

layers. The shales just below the tillite are of green colour; the y 

are less folded close to the tillite than farther away. The actual 
border plane is entirely conformable with the bedding planes of the 

shale and of the same character as these. In the tillite, traces of 

stratification are present. Further, as regards the rocks a bo ve the 
tillite, the gradual transition from tillite to shale is clearly visible. 

The colour of the tillite is here dark greyish-green. Most of 

the erratics are of Pre-Cambrian crystalline rocks. The tillite rock 
has a marked schistosity and the erratics are often cut by parallel joints 
filled with calcite, along which some glide may have taken place. 

On the peninsula north of Suorccejok, the strata Iie fairly flat, 
b ut on the western side the tillite rises to a steep, somewhat inverted 

position, forming the eastern side of a large, oblique anticline. The 
tillite is seen as a marked ridge running towards the SSW, the bed 
being constantly inverted. The thickness of the tillite is at ]east 50 m. 

T h e  N j u k c a g a i s s a  d i s t r i c t .  In the anticlinal valley west 
of the tillite ridge just mentioned, the rocks are chiefly red-brown 
shale and sandstone. The anticlinal axis mounts towards the SSW; 
the lower tillite appears west of the river at a point about half the 
distance between Vesterbukt and the top of Njukcagaissa. The tillite 
rests on light-coloured white sandstone. The thickness of the tillite 

is here IS a 20 m; comparatively much of stratified layers is seen 
in the green-coloured tillite. The river bed cuts along the yellowish
red dolomitic shales just above the tillite, i. e. just east of it, the dip 

of the strata being vertical. 
Fig. 30 shows a section from a locality 6 km NNE of the top 

of Njukcagaissa. The strike of the rocks in N 25°-30° E, the section 

being cut at right angles to the strike. To the west, the lower tillite 

is overlaid by the red-brown shale and sandstone, which are strongly 

folded except near the tillite. Instead of the yellowish-red dolomitic 
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Fig. 30. Section about 6 km NNE of the top of Njuki'agaissa. 

a light-coloured sandstone, b lower tillite, c red and brown sandstone and shale, 

d upper tillite, e dark-coloured shale. 

shale, the basal beds of this zone here consist locally of yellow, 
impure dolomite, of about 5 m in thickness. The upper tillite forms 

the ridge west of the valley. 
The river bed is eroded in the yellowish red dolomitic shale, 

the dip of the strata is vertical. just east of the river, beds of white 

quartzitic sandstone occur, evidently on account of tectonical movements. 
Then the lower tillite appears again, bordered to the east by yellowish

red dolomitic beds. Farther eastward, the rocks are red and brown 
shale and sandstone, and in the ridge Harjas east of the valley, the 

upper tillite occurs, with a somewhat inverted position. 
This is perhaps the most favourable place of a sort for measuring 

the thickness of the zone between the tillites. The di p is vertical; by 
pacing, I have found the distance between the lower and the upper 
tillite to be about 400 m, but as the thickness is probably increased 
on account of falding, this is a maximum thickness. However, also 
considering other localities in the Vestertana-Njukcagaissa districts, 

the thickness cannot be less than 200 m. I cannot determine the 
thickness with more accuracy than 300 m ± l 00 m. 

The Njukcagaissa mountain consists of light-coloured quartzitic 
sandstone belonging to the older series, but the layers form an 

oblique anticline; they dip towards the west and, on the east side 

of the mountain, are somewhat inverted (see Holtedahl, 1 931, p. 263). 

On this side, the lower tillite rock is strongly sheared, and, as also 

shown by Holtedahl, more to the south the tillite disappears and 

the light-coloured sandstone is seen nearly in contact with the red
brown shales and sandstones, the series being separated only by a 
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l O m broad belt of loose deposits. But, near the southern end of 
the q uartzite, a crag of the lower tillite occurs. Als o on the west 
side of the southern part of Njukcagaissa the tillite does not occur. 
Consequently, the thickness of the tillite must have decreased, as, 
otherwise, the tillite is the rock most resistant towards tectonical 
disturbances and towards weathering. 

On the river bed south of N jukcagaissa, the re is quartzite on 
one side and red-brown shale and sandstone on the other, but no 
tillite. Here, however, a dislocation line seems to run in the 
direction E-W. 

Nj ukcagaissa - Vaddasbakte .  Westward from Njukcagaissa 
the upper tillite forms a broad belt. The folding axes dip slightly 
towards the north, where we find younger beds, whilst to the south 
the red brown shale and sandstone form the rock underground of 
a plain, extending to the southern border of the sediments. 

The tillite forms oblique folds, the direction of the folding axes 
is N 10"-20° E. The tillite has always a distinct schistosity with 
rather steep dip towards WNW (see Fig. 45). The tillite ridges are 
almost always steep-sided to the east and slightly sioping to the west 
on account of the schistosity and the oblique folding. As the erosion 
has often cut away the acute ridge of the anticline, the underlying 
strata are seen (see Fig. 44). Most often the transition from these 
beds to the tillite is normal, but some thrusting of the tillite on the 
shale and sandstones seems also to have occurred, the contact being 
in a number of cases unconformable. A decrease of the thickness 
of the upper tillite is observed westwards. North of Njukcagaissa, 
the thickness is at !east 50 m (a river-cut west of the valley, at about 
half the distance from Vesterbukt to Vestertana); but at Traneelven 
(70o 20' N. L., !6° 36' E Oslo) the thickness is 10m, at most 15 m. 
The river there cuts the tillite and the adjacent strata, the border 
conditions are entirely normal. 

In the district east of Vaddasbakte the thickness of the tillite is 
at most l O m. The til lite the re carries on ly few and small erratics, 
about exclusively of Pre-Cambrian crystalline rocks. (I have, however, 
observed an angular boulder l.S m in diameter of Pre-Cambrian 
rock.) The colour of the tillite is distinctly green; in the upper part 
of the bed the groundmass is partly stratified, whilst the erratics are 
irregularly scattered. 
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The stage of dark shale and light sandstone above the tillite 
occurs north of the tillite belt. This stage is characterized in the 
landscape by a chain of small !akes and short streams. 

The tillite curves to NW, and the rock west of it is red-brown 
shale and sandstone. The beds are strongly folded, but the stage as 
a whole partly Iies rather flat. The sandstone beds are usually not 
more than 20 cm in thickness. Very coarse material does not occur. 

The rocks at the top of the Vaddasbakte mountain belong to the 
metamorphic complex and are separated by a distinct thrust plane 
from the underlying rocks, which are light-coloured sandstones 
belonging to the older series. The latter, broadly speaking, forms 
an oblique anticline with inverted, steep position of the strata on the 
east side. Ridges of the lower tillite occur on the southern side of 
the hill; the tillite rests on the Iight-coloured sandstone. Also on 
the eastern side, portions of the Iower tillite are observed; here, 
however, tectonical disturbances are important, the tillite may be 
enclosed in the Iight-coloured sandstone; but I have als o observed 
normal contact between the light-coloured sandstone and the tillite. 

The thickness of the Iower tillite cannot be measured, but, as 
the tillite here is rather conspicuous, the thickness must be at !east 
15 m, probably considerably more. 

The colour of the tilli te is grey; the erratics consist, as far as 

I have seen, of sandstone and quartzite only. The abundance of 
rounded pebbles is peculiar, but angular stones are also common, 
and they Iie altogether unarranged in the groundmass; the rock has 
the usual character of a tillite. 

The actual border between the red-brown shale and sandstone 
and the tillite has not been observed on account of the Ioose deposits 
in the valley along the border. 

7. The Further Sequence up to Basis 

of the Fossiliferous Stage. 

Th e s e c t i on S t app o gi e d d e - D u o l b a s g a i s s a  gives a 
general view of a considerable part of the sequence younger than 
the upper tillite. The section runs along the side of the little valley 
just NE of Duolbasgaissa. The strike of the rocks is NE, the strata 
have a moderate dip, most often 20 a 30°, towards NW. I have 
determined the thicknesses by continuously measuring the height 
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DIGERMULDRL 
200m L i3ht-Jr'!/ 

c;uartzit,·c. sandstone 

Shale and sandstone, 
200m fos.si!/ferou.J. 

Gu.artzit/� sandstone. 
mo�t& I;Jht-colou.r�d. but al.so 
red�brown h�d.s occur. 2one..s of 
dark arenaceou.s shole. 

Sdtstone.-5 and slaty sandstones. 
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In the lower flart beds of ;;Jht-
co/oured sandstone. 

Red '/.uartzdt·c sand.stones, 
wdh zones of green arenaeeous shale 

B!ue:;run 3hale 

= Jjm. Red-v/o/f!t, greerrbanded,.shale 
=-�s�Dark arenaceou.s shale, and li_;;ht-coloured sandstone. 

� U!'rer It/lite 

STRPPOG!EJ)IJE 
Gre.!l-brown and grey-green sandstone and shale. 

Fig. 31. 

above sea-leve! by means of an aneroid barometer and at the same 

time noting the di p of the strata; the lengths along the section have 

been taken from the map. Even if the thicknesses of the different 

zones with this method may be somewhat inexact, the errors will, 

essentially neutralize each other so that the total thickness will be 

approximately correct. The section represents a formation of about 

1300 m, younger than the upper tillite. The different parts of the 

sequence are characterized in their broad features on the diagram, 

Fig. 3 1. 
The upper tillite is seen at Stappogiedde along the shore, inside 

of which there is a strip of cultivated land (a quaternary shore line). 

At the foot of the mountain slope, the red-violet shale occurs and 

passes into the bluish-green shale. The thickness of the shale stage 

is between 120 m and 150 m. 



104 SVEN FØYN 

Fig. 32. Section across the Digermul Peninsula. 

The section includes the series from the upper tillite (at Stappogiedde 

on the Vestertanafjord) to the fossiliferous stage 

(east of the Nova mountain). 

km farther to NE, at the mouth of the stream, beds, of greyish
green sandstone, are also seen b e  l o w the tillite. Above the tillite, beds 
of dark arenaceous shale and light-coloured sandstones occur, and 
thereupon the red-violet shale, etc. The thickness of the tillite is about 
15 m, and has consequent1y decreased from the district west of the 
head of the Vestertanafjord. The shale and sandstone stage above 
the tillite is also about 15 m in thickness. 

The stage above the bluish-green sha1e attracts attention by beds of 
a vivid red colour, occurring as three zones separated by greyish-green 
arenaceous shale. The thicknesses, measured at Stappogiedde are: 

At top: 25 m red quartzitic sandstone. 
25 '' greyish-green slaty sandstone and arenaceous shale. 
35 " red quartzitic sandstone. 
40 " greyish-green arenaceous shale. 
70 '' red quartzitic sandstone. 

The red colour of the lowest, thickest sandstone zone is very 
vivid, that of the other is palish and some beds are rather light or 
slightly greenish. The beds may be l m in thickness but they are 
most often 10-20 cm. The bedding is due to layers of micaceous 
sandstone or to very thin layers of clayey material. Within a bed the 
lamination is only slightly visible. Ripple marks are common. The 
rock is very fine-grained, the fracture looks glassy. 

A thin section shows a very even-grained rock. The grains are 
of 0.04-0.07 mm in diameter. The chief mineral is quartz; the 
original borders of the grains are rounded. Further, plagioclase 
(partly sericitized, partly fresh) and muscovite occur, thereon a few 
grains of zircon and tourmaline. The colour is due to finely divided 
dust-like material which refllects the light red. 

These red zones are conspicuous in the landscape, they are seen 
from a long distance. j oints in the rocks are very often filled with 
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white quartz, therefore ihe 
fractures of the beds may be 
white in colour. 

At Stappogiedde the 
transition between the bluish
green shale and the red sand
stone consists of loose red 
shale; in other places, especi
ally in the district east of the 
Ifjord, the basal beds of the 
sandstone is a light-coloured, 
conspicuous bed of sandstone, 
which Iies directly on the 
bluish-green shale. 

The greyish-green zones 
between the red consist of 
arenaceous shales and slaty Fig. 33. The mountain wall of Duolbasgaissa, 

sandstones, often micaceous. seen from the south. 

They may in some cases 
resemble very much the underlying bluish-green shale, and also 
the overlying rocks, which will soon be described. 

The thickness of the different parts of this zone seems to vary 
from place to place, but I can give no figures for the variation. In 
the district between Vestertana and the Ifjord, the development is 
like that of Stappogiedde, i. e. with three zon� of red sandstone and 
intervening zones of greyish-green shale. But this development seems 

to differ from that in the hills east of the Tana River, where the 
red quartzitic sandstone is very common. According to H. Rosendahl 
( 193 1, p. 493), the re occurs a uniform zone of red quartzite of at 
!east 150 m in thickness. Above this, comes a greyish-green shale 
zone, which in the lower part is a micaceous sandstone. This is 
connected to the red quartzite by transition rocks. It is now an open 
question whether this uniform zone of 150 m red quartzite corresponds 
to the three zones of red quartzite and intervening shales together, or 
whether it only represents the lowest quartzite zone at Stappogiedde. 

We are going further up to the stratigraphical sequence at 
Stappogiedde. Over the rocks just described, there occurs a zone 
of shale of more than 500 m in thickness. The rocks resem ble the 
bluish-green shale, but they are a little more arenaceous and of a 

A bo ut 
300m 
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more greyish-green colour, in some cases somewhat reddish. The 
lamination appears on the planes of schistosity as bands of slightly 
differing colour-tone. In the lowermost part of the stage, some beds 
of sandstone occur; they are usually rather thin, but beds of l m 

in thickness are also observed. 
Also the uppermost part of the shale stage is more arenaceous, 

and again real sandstone beds appear. There is a gradual transition 
to the next stage which forms the precipice of the plateau. 

At top: 
50 m. 
20 » 

20 » 

20 » 

40 » 

90 » 

150 » 

Brownish-violet conglomerate. 
Sandstone. In part white, in part brown-violet. 
White quartzitic sandstone. 
Slaty sandstone. Brown debris. 
White quartzitic sandstone. 
Slaty sandstone. Brown debris. 
Light-coloured quartzitic sandstone in thick beds. Upper 
part white, lower part reddish. 
San.dstones, of light and dark colour alternately. 
Comparatively thin beds, seldom above 0.5 m. 

The Iight-coloured quartzitic sandstones dominate. The beds 
may have a thickness of several meters. Besides the entirely white 
sandstones, all transitions to dark brown-violet and to greyish-green 
sandstones occur. Between the white sandstones the slaty rocks 
appear as dark zones, as they are more easily weathered and the 
debris has a brown rust colour. 

In the uppermost part of the stage, "problematic trails" are very 
common, irregular pipes which in some cases Iie in the bedding 
planes and in others, cut the bedding. I have not observed such 
trails in the older parts of the series. 

The uppermost horizon in the sequence here observed is a 
peculiar conglomerate. The groundmass is a brown-violet sandstone, 
the pebbles are small, usually less than the size of a pea. The 
pebbles consist of quartz, further, of a red jaspoid rock and of 
yellowish green shale. They are rounded, except the shale fragments 
which are flat though they also have rounded edges. The shale 
fragments weather away comparatively easily. 

As examples, two thin sections from the rocks of Duolbasgaissa 
will be described: 
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Fig. 34. White quartzite beds between dark sandstones. 

The loose material consists almost exclusively of rocks from 

the underground. Western part of the Duolbasgaissa plateau. 

l. White quartzite, consisting nearly exclusively of quartz. Size 
of grains from O.l to 0.3 mm in diameter. The present borders of 
the grains appear as dark irregular lines, whilst the original well
rounded shapes are marked by more indistinct lines. Some greenish 
grains are probably decomposed felspar. 

2. Brown-violet sandstone. The grains slightly rounded. Chief 
mineral, quartz, further, plagioclase and grains of colourless mica 
and of zircon. The quartz grains may be devided into two groups 
of sizes, one of diameter about 0.3 mm, the other and larger of 
diameter about O.l mm. The plagioclase, the sizes of which are about 
O.l mm, is rather strongly decomposed into sericite and chlorite. 
Some greenish grains probably represent entirely changed plagioclase. 
Between the grains, iron-ore is abundant, enclosed in the secondary 
quartz matter. 

D. The Fossiliferous Stage. 

The mountain mass of the Digermul Peninsula and the continuation 
of the mass towards SW, have been the subject of only brief 
examinations, except the section of Stappogiedde. It is, however, 
rather easy to obtain a general view of the rock formations, as loose 
deposits and vegetation are almost absent. On the south-eastern side 
of the peninsula, the tectonical conditions are rather clear: the zones 
of the Stappogiedde section sink towards NE, and reach the sea 
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leve! successively. I have qualitatively controlled the sequence in 
going by motor-bo at along the shore. 

On the north-western side of the peninsula, the tectonical 
conditions are not so clear. On account of the short time which 
was at my disposal, I had to content myself with recording the 
main features of the stratigraphical and tectonical development. As 
fossiliferous Cambrian sediments occur here, a detailed examination 
of the Digermul Peninsula would be the more desirable, as we 
might thereby obtain more material to settle the Iower limit of the 
Cambrian system. 

I went by motor-boat along the Langfjord. I found the first 
fossils - brachiopodae with concentric striae - in Ioose pieces of 
rock on a quaternary shore terrace at the mouth of Boksjokka near 
the head of Langfjord. By searching along the river bed I found 
fossils in solid rock, at a place about 5 km SE of the river mouth. 
After having examined this Iocality and collected a number of 
fossiliferous rock specimens, I returned down the fjord. Only three 
excursions on shore were made, namely in the valleys Hånsvikdal, 
Kistedal, and Digermuldal. On another journey, I went down the 
Langfjorddal valley to the head of the Langfjord and then crossed 
the peninsula to Stappogiedde. 

In 1933 O. Holtedahl made an excursion by motor-boat in the 
Langfjord. He then took some photographs of which he has most 
kindly permitted me to make use. 

The fossiliferous stage is well marked in the Iandscape. The 
rocks are dark shale - green, grey or black, sometimes with a 
yellow coat- and dark sandstone alternately. The thickness of the 
sandstone beds does not usually exceed 5 cm. The rocks are easily 
eroded and the stage therefore forms extended depressions; the rock 
is often covered with Ioose deposits so that outcrops are chiefly 
found in the river-cuts. 

In the Boksjokka river-cut the fossils were found in solid rock 
at nearly each step within a distance of several hundred metres, that 
is several tens of metres of the sequence, the beds dipping about 
15 o (towards NW). The fossils are chiefly found in the sandstone 
beds, but also occur in the shale. Some beds are very rich, 
real fossil breccias, others contain but few fossils and some are 
empty. Fossiliferous rock is common among the Ioose pieces in 
the river. 
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Fig. 35. Fossiliferous sandstone and shale. The Boksjokka river. 

The material collected has been examined by Dr. phil. Trygve 
Strand ( 1935), according to whom the fossils are: 

Lingulella (Lingulepis) cf. Roberti (Matthew). 
Billingsella cf. retroflexa (Matthew). 
Hyolithus sp. 
Trail of Cruziana type. 

The Lingulella species is the prevailing fossils; of the other 
brachiopod, only a few specimens are found. The single hyolithus frag
ment is badly preserved. The two brachiopods are of Middle Cam
brian- possibly Upper Cambrian- age. For the accurate description 

and the determination of the age, I refer to the paper by Dr. Strand. 
My observations at different places, especially in Digermuldal 

valley, determine that the fossiliferous stage follows immediately on 
the stage of light-coloured sandstone described from Duolbasgaissa. 
The conditions being unfavourable, I did not measure the thickness 
of the fossiliferous stage; moreover, in a num ber of ca ses the stage 
seems to have doubled itself up, and overlying beds are observed 
only at one place in the Kistedal valley. But in my opinion -
considering the extension of the stage at different places - the 
thickness is about 200 m. The overlying rock - greyish quartzite -
in Kistedal seems to be of about the same thickness. 

The shale of the fossiliferous stage has, in contras! to all the 
older shales, no sla ty cleavage at an angle to the bedding; and yet 
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it must have been exposed to a considerable lateral pressure during 
the forming of the isoclinal folds. The cause is probably not any 
difference in the tectonical conditions (as e. g. less vertical pressure), 
but an original difference in the nature of the se�iments. Now, it 
is a fact that no secondary cleavage will be developed where shale 
and sandstone rapidly alternate; but there are in this stage also 
considerable zones of pure mudstone, which also splits along the 
bedding planes. The cohesion vertically on the bedding planes in 
this mudstone is consequently so small that the rock yields along 
the bedding. But in the older shales the cohesion vertically on the 
bedding planes is so great that the attitude of the cleavage planes 
will depend on the direction of the stress, even when the grade of 
the material is distinctly different from bed to

. 
bed. 

The fossiliferous stage, like the other sediments, is deposited in 
shallow waters. Mudcracks are aften seen, and problematic trails 
(irregular tubes) are also common. 

The Various Localities. 

The  D i g e r m u l d a l  v a l l e y  (Pl. l ,  Fig 3). The cliff on the point 
of the peninsula is built up of the greyish-green shale, which at 
Stappogiedde is about 550 m in thickness. The dip of the beds is 
slightly undulating, but on an average the beds around the point dip 
inland and thus form a trough. Close to the water-line, some beds 
of light-coloured sandstone are seen, belonging to the lowermost part 
of the shale stage. One thick bed of light-coloured sandstone is also 
seen high up in the shale and on the tap, the light-coloured sandstone 
stage of Duolbasgaissa appears. Along the Langfjord, the beds gradually 
sink and, towards the Digermuldal, the light-coloured sandstone stage 
approaches the water-line. In the Digermuldal, the beds to NE form 
the sides of a trough, the strike of the sloping beds, curving. The 
trend of the falding axes is NE. 1.5 km up the valley, the following 
sequence is seen, from the tap downwards: 

White sandstone 
Brownish slaty sandstone 
White sandstone 
Shale, brownish debris 
White sandstone 
Reddish sandstone 
Sandstone of darker colour. 
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In the cut of the river 
from south, the same suc
cession and its continuation 
upwards appear. The strike 
is about N, the di p about 
35 o to W. The uppermost 
beds gradually grow darker, 
a little dark slaty sandstone 
and beds of brown-violet 
quartzitic sandstone occur 
and then again beds of a 
more light colour Ripple 
marks and mudcracks were 
observed. 

On comparing, accord
ance is found with the stage 
of Duolbasgaissa (page l 06 
and diagram Fig. 31 ) . The 
brown violet conglomerate, 
however, is not observed. 

Above the light-coloured 
sandstone comes the fossili

Fig. 36. Light-coloured sandstone with zones 

of arenaceous shale. About l.S km 

in the Digermuldal valley. 

ferous stage. The lower part consists of alternating beds of green shale 
and arenaceous shale, and also grey sandstone beds. Some thicker beds 
of quartzitic sandstone also occur. Higher up, the shales are black 
and split thinly, and have often a rusty coat on the bedding planes. 
I found some loose pieces of rock with fossils (Lingulella), but did 
not search any particular time for fossils in solid rock. 

Ki s t e  d a  l. The main valle y is eroded in the fossiliferous stage; 
fossils (Lingulella) were observed in the river-cut about 2.5 km off 
the river mouth. In shore grave! I found the piece of rock with 
trail of Cruziana type (Strand 1935). 

The south-eastern flank of the valley consists of a light grey, 
thick-bedded, quartzitic sandstone. Lying apparently above the shale, 
this quartzite seems to be a younger stage of the series. The thickness 
of the whole quartzite seems to be about 200 m. The sandstone 
forms a syncline which is cut by the lateral valley from SE. The 
quartzitic sandstone consists chiefly of quartz, of very equal grains 
O.l 0-0.15 mm in diameter; tourmaline and zircon occur accessorily. 
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The actual coast of the Digermul Peninsula towards the Lang

fjord, represents practically the thrust plane below the metamorphic 

rocks. Traces of strong tectonic movements ars often seen in the 

mountain side along the fjord. Broadly speaking, the disturbances 

imply a turning over of the Duolbasgaissa sandstone, this forming 
an oblique fold, the sandstone thus in a num ber of cases lying over 

the fossiliferous stage. Between the Kistedal and the fjord a plate 
of metamorphic rocks Iies obliquely, with the dip NW. Below it, 

occur beds of quartzitic sandstone, inter alia of brown-violet quartzitic 

sandstone and of arenaceous shale; the whole of it belongs to the 

stage below the fossiliferous stage. 
I n  the mountain side east of the outer part of Kistedal, 

the sandstone seems to form two oblique anticlines, with dark 
shale rock (the fossiliferous stage) between them and within the 

inner one. 

Hån s v i k d a l .  (Sect. Fig. 32.) On the sides of the valley the 

oblique folding is very well seen. The mountain Nova is built up 
of the Duolbasgaissa sandstone, the beds forming the upper part of 

the letter S. At the top the folds are so acute that the beds are 

broken. Some distance west of the mouth of the valley, dark-coloured 

shale is seen below the light-coloured sandstone. It possibly belongs 
to the 550 m thick shale stage below the sandstone stage. 

The valley further cuts through the fossiliferous stage. I deter
mined the presence of fossils in solid rock; the fossiliferous beds 

are, however, not very rich. 
I n  the fossiliferous stage, all the beds of which dip to NW, two 

strokes of thick-bedded sandstone are noticed. It is obviously one 

and the same layer in the isoclinal fold. 

Below the shale, the quartzitic sandstone appears, damming up 

the small lake " ( 138)". O ne notes the reddish, in part, rather 

brown-violet, quartzitic beds in the upper part of the light-coloured 

sandstone. 

B o k s j o k k a. (Sect. Pig. 37.) The sandstone most south-easterly 
of the section is generally light-coloured and thick-bedded; some 

beds are of red-violet colour. The rocks resemble those of Duolbas

gaissa; thus beds bearing "problematic trails" are found. On an 

excursion across the peninsula, I found that the sandstone really 

corresponds to the Duolbasgaissa sandstone. I t  forms the rock under-
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Fig. 37. Section along the Boksjokka river. 

ground of the central part of the peninsula; the beds are slightly or 
moderately folded; the solid rock is in a degree covered with coarse 
debris consisting of the rocks from the underground. 

The di p of the fossiliferous shale is constantly about 15 °, towards 
NW. The depression is about l km broad; it is on NW flanked 
by a ridge consisting of light-colourcd, thick-bedded sandstone, 
containing a zone of dark arenaceous shale. Close to the depression 
the dip is nearly vertical, for the rest, the beds dip NW, moderately, 
though irregularly. 

Some beds of reddish colours occur, in such red-violet beds I 

found a conglomerate quite similar to that of the top of Duolbas
gaissa. The conglomerate layers or lenses are intercalated in the 
sandstone, being at most 10 cm thick. 

NW of the sandstone ridge, another bottom extends m the 
direction of the strike. The rocks are similar to those of the 
fossiliferous stage, but, in spite of close search, I have found no 
fossils. However, I suppose the rocks belong to the fossiliferous 

stage, the sandstone ridge between the bottoms forming an oblique, 
rather acute anticline as seen on the mountain side of Nova, on 
Hånsvik. 

The ridge NW of the outer bottom also consists of sandstone, the 

stratigraphical position of which I have not conclusively proved. The 
beds constantly dip NW, the sandstone for that matter lying over 
the shale of the bottom, but probably there is again an isoclinal fold . 
So near the border of the metamorphic rocks tectonical disturbances 
have play in a greater degree; thrusts and zones of crushed rock 
are common both in the sandstone ridge and in the arenaceous shale 
between the ridge and the metamorphic rocks. 

The metamorphic rocks are strongly distinguished from the 
unmetamorphic; and the border pl ane is a distinct thrust plane. 

Norsk geol. tidsskr. 27. 8 
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E. The Southern Border of the Sedimentary Rocks. 

In Western Finnmark the sedimentary rocks rest upon a Sub
Cambrian peneplane. In Eastern Finnmark, however, - from the 
Antebaktoaivve mountain (16° 30' E Oslo) to the Varangerfjord - the 
border of the sediments has quite another character: the sediments 
seem to have been deposited upon a rather uneven surface of the 
Pre-Cambrian crystalline rocks (stated by A. Dal, A. Strahan, and 
O. Holtedahl, see Holtedahl, 1918, p. I l  and p. 15 8). The northern 
limit of the Pre-Cambrian rocks seems to have a rather straight 
W -E direction. The sediments which are extending south of this 
line belong to the younger, tillite-bearing series. The border plane 
between the crystalline rocks and the older sandstone series is 
obviously more or less steep. O. Holtedahl (1918, p. 264, and 1931, 
p. 269) explains the conditions in Eastern Finnmark in this way: 
After the deposition of the older sandstone series a dislocation must 
have taken place along a line in the direction of the Varangerfjord. 
South of this line a highland has arisen which has then been exposed 
to erosion. At first, the erosion took place in the sedimentary rocks, 
but gradually it got to the crystalline basement. The material was 
washed over the area to the north. At !east, sedimentation has also 
taken place in the area south of the fault line, first filling the 

depressions of the uneven surface. 

l .  The Cikkojok District. 

With this term I mean the district near the southern border of 
the sedimentary rocks from Skipagurra (on the Tana River) westward 
to Menavarre (the hill "2 86" , about 10 km east of the Antebaktoaivve 
mountain). The area has been visited and described by O. Holtedahl 
( 1931, p. 25 8); the statements I give in the present paper are chiefly 
of interest because I can draw a comparison with the sequence of 
the Tanafjord district. 

The exploration of the rock presents difficulties, the rock surface 
being very moraine-covered. Rock exposures are to be found almost 
only where late-glacial currents have washed down the grave!. 

Comparatively well exposed are the Pre-Cambrian rocks in the 
hills between the valley of the sediment border and the valley of 
the Tana River. I have made no close examination of these rocks 
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Fig. 38. The flat, moraine-covered area between the Njukcagaissa mountain 
and the Cikkojokka river. 

and only occasionally have taken specimens for a comparison with 
the erratics of the tillites. The chief rocks are: Biotite gneisses 
containing portions of a coarse, reddish granite; horn blende gneiss 
with dark, hornblende-rich portions; a somewhat gneissose gabbro, 
with as chief minerals plagioclase, horn blende and epidote; some 
portions of the rock consist almost exclusively of pyroxene and 
horn blende. 

Real contact between the crystalline rocks and the sediments has 
not been observed. There can hardly be any doubt, however, that 
the surface of the crystalline rocks was an uneven one at commence
ment of the sedimentation, tongues of sedimentary rocks extending 
south in the Pre-Cambrian area, filling valleys. It can be seen 

between Ravddovarre and Fallenjoaskvarre; if a line is thought to 
be drawn between the tops of these hills it will pass a b o  v e  the 
top of the tillite hill (the "204" m hill. See section Fig. 39). And, 
likewise, an imaginary line between the tops of the two tillite hills 
on both sides of Ravddovarre, will c u t  the last-mentioned hill. The 
basis of the sediments is, of course, still lower; west of Ravddovarre, 
the visible thickness of the tillite is about 3 0m, east of Ravddovarre, 
the tillite rests on coarse sandstone. 

In addition to the outcrops of the lower tillite just mentioned, 
this rock is observed in the river bed of Oikkojok and in the "I 76" m 
hill north of the river, and also at a locality SE of Menavarre. That 
all these tillite outcrops are of the lower bed, will later be confirmed. 
The tillite outcrop NE of Skoarrojavrre is probably the lower tillite; 
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Fig. 39. The sediments has been deposed in the depressions 

of the surface of the crystalline rocks. 

the tillite of Lismavarre is the upper. Somewhat north of the 
sediment border the upper tillite occurs west and east of Maskejavrre, 

The sandstone beds below the tillite of the "2 04" m hill Iie 
nearly horizontally, with only slight dip towards the north. The beds 
may be above l m in thickness, some of them are distinctly stratified, 
others are quite massive. The colour is dark grey. The minerals 
are quartz, microcline, acid plagioclase, green biotite, muscovite, 
garnet, and, in less quantity, rutile, zircon and magnetite. The size 
of the grains varies, the quartz grains being up to 5 mm in diameter. 
The grains are somewhat rounded. All the minerals are fresh. The 
matrix is of green colour and consists of chlorite minerals. In thin 
sections the lamination appears chiefly as dark lines, due to the 
concentration of magnetite. 

In the " 1 76 " m hill the tillite rests on light-coloured sandstone. 
At the foot of this hill, beds of dark, thin-splitting shale appear. The 
dip is 5 a 7°, towards NW; the vertical distance between the river 
leve! and the tillite is about 80 m. The white sandstone contains 
quartz and acid plagioclase in about equal amount. Size of grains 
on an average 0. 3 mm in diameter. 

Cand. real. A. Samuelsen has informed me that east of Mena
varre, about 6 km WNW of Ravddovarre, he observed tillite on a 
lower leve! than the gneiss, which extends northward, west of the 
tillite. Actual contact was not observed , but there was apparently 
no room for any sediments below the tillite. 

The Cikkojok river presents the best opportunity for studing 
the tillite. The visible thickness is about 20 m, underlying strata are 
not seen. The colour is red-brown and only subordinately green, 
especially in the uppermost part. The erratics consist exclusively of 
Pre-Cambrian crystalline rocks; the size may be up to 2 m in 
diameter. Boulders of a size greater than l m are, however, rare. 
The overlying strata show that the tillite bed is lying nearly horizontally, 
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with only a slight dip to-
wards NNW. Between this 
locality and the "204" m hill 
there is a plain, sloping only 
very slightly towards north; 
it is covered with grave! , 
but there is very little doubt 
that the rock underground 
is made up of the tillite bed. 

Upwards the amount 
and the size of the erratics 
in the tillite decrease, the 
material gradually growing 
stratified; the rock shades 
into loose shale, of greyish
green colour, in part rather 
dark. Higher up, beds of 
micaceous sandstone, mostly 
of dark colour, occur. Some 
beds consist of very coarse 

Fig. 40. The Uvjaladnejokka river cuts 
the plain to a depth of about 60 m. The rocks 

are red-brown sandstone and shale. 

material, with angular grains of quartz and felspar, of size up to that of a 
pea. Current bedding appears in some layers, and, likewise, ripple marks. 

A thin section of the coarse sandstone shows as chief mineral 
quartz and acid plagioclase, most often fresh, in part somewhat 
sericitized. Further, some muscovite, biotite, iron ore, carbonate, and 
also small grains of zircon and rutile. Size of the grains is variable, 
max. diameter is l mm. The grains are most often angular, only in 
a few cases slightly rounded. The scanty matrix is greyish-green, 
it consists of mica, chlorite, and carbonate. 

This zone of sandstones and shales is observed only at this 
place. The thickness may be about 50 m. The beds are unfolded, 
the di p is 5o a 10°, towards NNW. But above this zone comes 
another which is very strongly folded. The trend of the folding axes 
is about W-E, yet somewhat irregular. At first 

'
there occur red

brown shale with thin layers of dolomitic material, higher up, red
brown shale and grey-brown sandstones in rapid alternation. The 
sandstone beds predominate. They may be of a thickness of more 
than l m and consist of coarse material. There can be no doubt 
that these rocks belong to the well-known stage between the tillites. 
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On the high plateau north of Cikkojok, we meet the same rocks 
at several places where late-glacial currents have washed down the 
quarternary deposits. This is especially the case SW of Maskejavrre, 
where the rock surface is washed in an area of several square 
kilometres, and a system of canyons has been · cut through the 
plateau. The strike of the falding axes is about N 40° E. 

In the river cut just north of  "177", we have a good section 
through the upper tillite, which is Iying inverted, with dip 40° a 50°, 
to WNW. I estimate the thickness at about 50 m. The older part 
is red-brown, and rich in boulders. The erratics consist exclusively 
of crystalline rocks. The size of the erratics is on an average Iarger 
than that on the Tanafjord. A number of the blocks has a quite 
irregular shape, thus I observed a gneiss fragment about 1.5 m in 
Iength, and 30-40 cm in breadth. The material is entirely unstratified. 
The younger part of the tillite is greyish-green, and is not so rich 
in blocks. 

Between the tillite and Maskejavrre the easily recognizable "red
violet shale and bluish-green shale" occurs. It is very strongly folded. 
It is best seen in the two short canyons north of the river outlet 
in Maskejavrre. Lowermost in these canyons, and also lowermost 
on the mountain side north of them, beds of coarse sandstone and 
of dark shale are seen, belonging to the stage close above the 
up per tilli te. 

East of Maskejavrre there occur some ridges of tillite, with red
brown sandstone and shale between them. The northern part of the 
Maskejavrre mountain is built up of bluish-green shale; the very 
top "317" consists of the overlying red quartzite. The rocks Iie fairly 
flat with only a slight di p towards north or north-east. In the mountain 
side rather massive beds are seen. 

We now return to the sediment border. Between Skoarrojavrre 
and Lismajavrre the crystalline rocks terminate in a steep slope, and 
north of the valley, on the same leve! , red-brown tillite occurs and, 
over it, dark shale. In my opinion this is the Iower tillite, but I 
cannot state it with any certainty. 

In the Lismavarre mountain, the upper tillite Iies flat above red
brown shale and sandstone. Close to the til lite there is comparatively 
much of shale, but Iower, on! y sandstones are seen; they are more 
than one meter in thickness, and the material is coarse. SE of 
Lismavarre there is an island of crystalline rocks surrounded by 
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glacifluvial material from the quaternary glaciation. Contact between 
the crystalline rocks and the sedimentary are not observed, but the 
red-brown sandstones must be supposed to rest directly on the 
crystalline floor, as it has been found by Holtedahl in the area east 
of the Tana River (Holtedahl 1918, p. 167). 

North of the eastern end of Lismajavrre the rock is washed 
by late-glacial rivers, the very thick beds of red-brown sandstone 
thereby having been exposed. The beds may be some metres in 
diameter; the material is very coarse; angular grains of some millimetres 
in diameter are seen. The strike of the folding axes varies some
what and just north of the eastern end of the i ake it is N 50 o -60° E, 
but one km further east it is N 60°-70° E. 

The red-brown sandstone with shale can be followed north to 
Seida; there the upper tillite is encountered on both sides of the 
valley. The lower part of the tillite is red-brown, the upper part is 
grey. Farther north, the tillite dives below the loose deposits of 
the valley, and the sides of the valley consist of younger beds. At 
the foot of the hills north and south of the outlet of the Maskjok 
in the Tana River there occur coarse, white or dark, sandstones, 
alternating with dark shale. Thickness about 50 m, thereupon red
violet and bluish-green mudstone. 

I will briefly summarize what is characteristic of the two tillites 
and the intervening stage in the Cikkojok district, in contrast to 
those of the areas farther north. 

L o w e r  t i  I l  i t  e: Red-brown colour. The erratics consist 
apparently exclusively of crystalline rocks. Larger maximum size 
of the blocks. Richer in erratics than the green tillite farther north 
(but not richer than the dolomitic tillite). 

Close above the lower tillite occurs a zone of shales and sand
stones, usually dark, the thickness being about 50 m. 
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R e d-b  r o  w n s a n d s t o n e a n d s h a l e: The sandstones 
predominate. Thickness of beds may be up to a couple of meters. 
The material is often coarse, sparagmitic. 

T h e u p p e r  t i l l i t e: Red-brown colour. The erratics consist 
apparently exclusively of crystalline rocks. Larger blocks and more 
blocks. More irregular shape of the blocks. 

The upper part of the tillite is green and contains not so much 
erratics as the red part. 

2. The Antebaktoaivve District. 

With this term I mean the areas round the Antebaktoaivve 
mountain and westward to Ulfarvarre, Ullogaissa and Stalogaissa and 
also northwards, west of !6 ° 30' E Oslo, to Vaddasbakte. 

Holtedahl (1931, p. 257) points out the fundamental importance 
of the Antebaktoaivve district for conclusions as to the relation 
between the Hyolithus zone and the stratigraphical sequence of the 
Tana district. South of the Porsangerfjord, the Hyolithus zone, which 
is there fossiliferous, rests with a basal conglomerate on the Sub
Cambrian peneplane; higher up, overthrust Porsanger sandstone 
occurs. Holtedahl has gone along the sediment border eastwards 
from the Porsanger district to Antebaktoaivve; the lower beds are 
often covered with debris, but the border seems to be a normal one. 
Holtedahl supposes that the rocks close to the peneplane betong 
to the Hyolithus zone also in the Antebaktoaivve district. We are 
now going to see how it appears to me, who entered the Antebakt
oaivve district from east. 

The exploration of the rock formations in this district is, how
ever, beset with difficulties. East and north-east of Antebaktoaivve, 
the rock is considerably covered with loose deposits; west of 16 ° 30' E 
Oslo, the rock is rather well exposed, but a topographical map is 
practically missing. The observations, made on two rapid journeys 
in this district, are therefore more or less casual. 

Cand. real. A. Samuelsen has told me that he observed tillite 
just south of the "242" m hill (70° 9' N Lat., 16° 43' E Oslo) . North 
and north-west of "242" I have observed solid rock at several places; 
in some cases, it was the well-known beds of red-brown sandstone 
and shale, in others a light grey-greenish quartzitic sandstone in 
massive beds. Contact between these rocks is not found; but 
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I suppose it most probable that this sandstone belongs to the "older 
sandstone series" ,  and that the lower til ! i te may exist between the 
two rocks. NE of "296" I found a dark grey arenaceous mudstone 
in contact with the l ight-coloured sandstone. Stratification is apparently 
missing. This sediment may perhaps be an equivalent to the lower 
til l ite, but without any block material . A thin section shows that the 
grains are markedly angular, have irregular shape, the maximum 
diameter being 0.2 mm. Chief constituent, quartz; fresh plagioclase 
is common. The matrix is a grey-greenish mass, in which muscovite 
and a greenish chloritic mineral are distinguished. 

In the south-eastern and southern part of the Antebaktoaivve 
mountain, the l ight-coloured sandstone is wel l exposed. Thin section: 
Chief mineral , quartz; microcline and plagioclase are also common, 
further, a l ittle zircon and tourmaline occur. The size of the grains 
varies, from very diminutive up to 0.5 mm in diameter, the grains 
being somewhat rounded. The scanty matrix consists chiefly of 
muscovite. 

North of the Lavsejok val ley, this sandstone occurs as a continuous 
belt. The beds are fold ed, the strike of the folding axes being N 15 a E. 

On the highest of some low hil ls  (cal led Mennicokka I was told) , I 
found on the south-eastern side a section where the substrata of the 
sandstone are exposed: a thin-splitting shale, the lowermost part is 
bluish-green, higher up, the colour is nearly black. The l ight grey

greenish sandstone comes, with quite undisturbed contact, above the 
shale. The lowermost sandstone beds are 2-5 cm in thickness, the 
thickness increasing higher up. The thickness of the visib1e strata 

of the section is 5 a 7 m. The section goes in the direction of the 
strike; the beds Iie horizontally  and undisturbed. The de bris below 
the exposed beds consists of shale, which is, on the whole, a chief 
constituent of the loose deposits of this area. 

This is obviously one of the hil ls  mentioned by Holtedahl 
(1931, p. 257): "some remarkable low hil ls, which are to a large 
extent made up of debris of Hyolithus shale, but which may represent 
material secondarily accumulated in the val ley, the accumulation 
being later eroded by the river" .  

The gneiss ground south of Lavsejokka is seen as an even plain, 
sloping slightly towards the north. However, also north of the 
sediments just mentioned, a ridge consisting of Pre-Cambrian crystal
l ine rocks extends from WSW to EN E, the highest parts of it are 
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Ulfarvarre and Læmonurki. The rock is well exposed. This ridge 
rises to a higher leve! than the sedimentary rocks south of it, a 
depression being between them. North of the ridge again, the 
crystalline floor is overlaid with sedimentary rocks, the succession 
beginning with a basal conglomerate (Holtedahl, 1918, p. 205). The 
peneplane slopes slightly to NW, the crystalline ground forming a 

wedge, bordered to the NE and W of sediments, which dam up 
the lake Godtekjavrre. SW of this lake the basal conglomerate is 
exposed west of the river Gaissavaljokka. In the river bed are crags 
of garnet-bearing gneiss. Just west of the river the sediment border 
forms a steep slope, about 40 m high, the beds lying horizontal. The 
succession is: 

d. Light grey-greenish quartzitic sandstone. On top, thick beds, 
the thickness decreasing downwards. 

c. Debris, consisting of small pieces of green and red shale. 
b. Dark-bluish sandstone. Thick beds, with some thin layers 

of conglomerate. 
a. Conglomerate. The pebbles are chiefly quartz, they are usually 

rounded, but angular fragments are also present. Subordinately, 
granite and gneiss occur. The fragments may be up to the size of 
an egg. The groundmass consists of quartz, fresh acid plagioclase, 
microcline and some tourmaline. The grains are most often some
what rounded. 

The thickness of a+ b is about 15 m, that of c about 5 m. 
Consequently, we have here the same sequence as that described 

by Holtedahl from the sediment border some km to the east, and 
the same as I observed at Mennicokka. 

The development of the ridge Ulfarvarre-Læmonurki must be 
due to a deformation of the peneplane, as also expressed by Holtedahl 
(1931, p. 257): "There is a possibility that the peneplane (and the 
sedimentary beds resting on it) in that area have been dislocated 
through faulting." The trend of the ridge is N about 60 o E; whilst 
the strike of the sedimentary rocks is N about 15 o E, both south, 
east and north of the ridge. If the deformation had taken place 
before the falding of the sedimentary beds, the presence of the ridge 
would probably have affected the direction of the axes south of the 
ridge. Consequently, the deformation must be far younger than the 
fault line along the sediment border farther east. 
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cannot say with any certainty whether the deformation is due 
to faults or to folding movements, but in my opinion the ridge is 
to SSE and E bordered by faul t lines. 

Holtedahl presumes, as previously mentioned, that the basal 
beds in the Antebaktoaivve district, belong to the Hyolithus zone. 
Further, in his opinion, the light-coloured sandstone which builds 
up the mountains Ullogaissa and Stalogaissa, belongs to the overthrust 
Porsanger sandstone. I have , however walked to the top of both 
the mountains without having discovered any general thrust plane. 
The rock is mostly the grey-greenish sandstone, some zones of 
arenaceous shale are als o seen. The beds are rather strongly fold ed; 
however, from a distance they seem to Iie nearly flat, with only a 
slight dip towards north, the side of the valley having about the 
direction of the strike. 

Jf the basal beds belong to the Hyolithus zone, also the light
coloured sandstone must belong to it. The following observations, 
however, favour the presumption that the rocks belong to the older 
sandstone series. 

About one km east of the Gaissavaljokka river, and at about 
the latitude of the top of Stalogaissa, I found a crag of red-brown 
tillite, resting directly on the light-coloured sandstone. The tillite rock 
is mostly unstratified, but it contains layers of red and green shale. 

Thin section of the groundmass of the tillite: Quartz, fresh 
plagioclase, microcline, fragments of gneiss and of shale; all in a red
brown, fine-grained matrix. The grains are generally angular, some 
are rounded. In the thin section, faint indications of stratification 
are seen, at about right angles to the well-developed schistosity; 
the numerous micro-shear planes have highly obliterated the strati
fication. 

North and east of j ouvvajavrreoaivve the rock is to a gre at 
extent covered with loose deposits; we find peculiar ridges and hills, 
formed at the melting of the quaternary glacier. The rock under
ground consists of the thick-bedded grey-greenish sandstone, as it 
may be seen at the outlet of the lower Ladnojavrre lake. North of 
Traneelven, the loose deposits are again less abundant; the rock is 
the red-brown shale and sandstone, that being the well known stage 
between the tillites. 2.5 km WSW of Garrisgielos, in the river bed 
near the outlet in the larger lake, the lower tillite appears below 
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the red shale and sandstone. The tillite rock is a grey-coloured, 
arenaceous mudstone, poor in erratics. 

Farther north, the red-brown shale and sandstone Iie rather flat. 
The characteristic vividly-red colour of the basal beds can often be 
seen. About 3 km NW of Garrisgielos, the river from north cuts 
through these basal beds and the tillite. The rock just below the red 
shale is a grey-coloured shale; a little deeper (J: somewhat farther 
west) the usual character of the tillite appears, but the number of 
erratics is still small. 

Still farther north towards Vaddasbakte, the rock consists of 
the light grey-greenish sandstone; now and then ridges of tillite are 
met. The actual contact between the two rocks has not been 
observed here. 

If the grey-greenish sandstone is, as it seems to me, the same 
all over the Antebaktoaivve district, and if the tillite crag east of 
Gaissavaljokka has not been placed there by tectonical movements, 
the grey-greenish sandstone must belong to the older sandstone series. 
And the fact that the sandstone to the east borders on the lowest 
portions of the younger series (the lower tillite and the lowermost 
beds of the red-brown shale and sandstone) speaks in favour of this 
view. However, until closer investigations are made, this view cannot 
be adopted as proved fact. 

In consistency with the view that the sandstone belongs to the 
older series, the conditions along the southern border of the 
sedimentary rocks may be explained in the following way: The 
vertical throw of the Varangerfjord fault decreases towards west and 
vanishes between Menavarre and Antebaktoaivve; farther to the west 
the basal conglomerate of the older sandstone series rests on the 
pen epla ne. 

Il. Petrographic Description of the Erratics 

in the Tillites. 

The geological conditions show quite distinctly that the land 
masses yielding the sediments were lying to the south. By studing 
the crystalline rocks of the erratics of the tillites it should be possible 
to define more closely the sources of the material, and perhaps also 
the direction of the movement of the glacier at different places. 
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However, since the crystalline area south of the sedimentary rocks 
has been very superficially investigated and rock specimens from it 
are few and occasionally collected, the tasks mentioned cannot be 
solved at the present time. Nevertheless, I shall give a summary 
description of the rocks - crystalline as well as sedimentary -
which are met with in the tillite. The materials have been taken 
from different localities in the Tana and Varanger districts, and both 
from the lower and the upper tillite beds. In addition to my own 
collections I have used material collected by B. M. Keilhau, A. Dal, 
H. Rosendahl, O. Holtedahl. About 80 specimens have been 
examined. 

Most of the specimens are quartz-dioritic in composition, some 
have the character of a fairly unaltered plutonic rock, some show 
gneissose structure. Also true granites are found. Further there 
occur greenstones, which probably for the most part are of hypa
byssal origin. 

As to the minerals, it is worth noting that amphibole has not 
been observed. Chlorite is derived from an original biotite in most 
rocks; only in one rock I have observed chlorite that probably 
developed at the cost of an amphibole, the only remaining vestige 
of which is the characteristic cleavage system. 

l. Granites and Granodiorites. 

Thin sections of 16 specimens. The rocks are of middle or 
coarse grain, they have the aspect of massive plutonic rocks. The 

colour is usually slightly reddish, in some cases intensily red. Signs 

of pressure action are common , the quartz having undulose extinc

tion, the twin Iamellae of the plagioclase being bent and some mortar 

structure being present. 
Chief minerals: quartz, plagioclase, potash felspar, biotite (often 

chloritized) . Subordinate: Chlorite, muscovite, apatite, zircon, sphen, 
iron ore, calcite. 

Quartz usually contains small inclusions of fresh biotite, apatite, 
zircon. 

Potash felspar is characteristically microcline perthite, often 
containing grains of plagioclase, and very small grains of biotite, 
zircon and apatite. 
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Plagioclase (5-20 An) is usually present in greater amount than 
is the potash felspar. It is always somewhat sericitized. Myrmekite 
is often seen. 

Biotite shows pleochroism: o live-green - light yellow, more 
rarely: brown-light yellow. It often contains inclusions of zircon 
(and sphen ?) surrounded by pleochroic haloes. It is never fresh, 
and frequently to a great extent replaced by chlorite (with pleo
chroisme green-yellowish, and anomalous blue interference colours). 

In addition to chlorite manifestly formed from biotite, another 
chlorite, of a seemingly different mode of origin, occur in irregular 
patches. Its colour is purer green, and the birefringence lower, the 
interference colours are anomalous purple. 

Small irregular spots of calcite may be. seen. In specimens from 
Suorccejokka calcite, in veins and patches, occurs in rather great 
amounts. In this rock, calcite certainly has been introduced from 
the surrounding ti!lite matrix. 

Some of the specimens examined differ from the general 
description: 

l. Two specimens from the upper tillite, Skalvvejavrre (Var
anger district), show porphyritic texture. Diameter of the pheno
crysts (potash felspar) exceeds 1 cm, the size of the grains of the 
matrix averages 2 mm. The chief minerals are quartz, potash felspar, 

plagioclase; accessories are green biotite, zircon, apati te. 
Microscopic examinations show potash felspar to be brownish, 

strongly corroded, surrounded by broad reaction rims consisting of myr
mekite and muscovite, and intersected by joints containing plagioclase. 

The plagioclase ( 15-20 An) is rather fresh. It has a narrow 
reaction rim of muscovite, and includes irregular patches of strongly 
corroded potash felspar surrounded by myrmekite. The structural 
features strongly suggest replacement of potash felspar by plagioclase. 

2. In a coarse-grained, red granite (the lower tillite, Bigga
njargga, on the Varangerfjord), plagioclase is entirely missing. The 
felspar is a micro perthite. 

2. Quartz Diorites. 

Thin sections of 18 specimens. The rocks are usually medium
grained, but also coarse-grained and fine-grained types occur. Colour 
grey or white. Granitic texture. Chief minerals: quartz, plagioclase 
biotite, (in part cloritized) and muscovite; subordinate: apa tite, zircon 
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pyrites, magnetite, and aggregats of small grains of a brownish 
mineral. 

Some grains of microcline are observed in three of the specimens. 
The anorthite-contents of the plagioclase are 10-20 °/o (in one 

case below 10 °/o). The felspar is more or less altered to sericite. 
Biotite is of olive-green colour. 
The brownish mineral observed in some of the thin sections 

resembles rutile, it has high index of refraction and high birefrin
gence; the grains are seen as small ro ds (size in mm O. l x 0.02) 
intermingled with green chlorite. The mineral is obviously second
arily formed. 

One specimen (upper tillite, east of Maskejavrre) is entirely 
free from quartz. The rock is reddish, with irregular green spots. 
Grain size on an average l mm in diameter. The plagioclase (albite) 
is somewhat sericitized. The rock shows signs of cataclases, the 
albite lamellae being bent and the rock being intersected by veins 
containing crushed minerals and also new-formed minerals, as chlorite 
and epidote. 

The chlorite is pleochroic green -colourless, interference colours 
brownish. Original mica does not seem to occur. A little apatite 
has been observed. 

3. Gneisses. 

Thin sections of 27 specimens. Medium-grained or fine-grained 

rocks. More or less distinct gneissose structure. Crystalloblastic texture. 
Quartz and plagioclase are always the most common minerals. 

Biotite, chlorite, and muscovite are also plentiful. Potash felspar 
(microcline) occurs in 7 of the thin sections, more or less abundantly. 
Accessorily occur apati te, zircon, (?) sphen, magnetite, pyrites, garnet, 
tourmaline, zoisite-epidote, leucoxene, calcite, and (?) orthite. 

Plagioclase is entirely fresh in some rocks, but usually it is 
more or less sericitized, so that in some thin sections the composition 
cannot be determined. The anorthite-contents are usually 10-20%, 
in 5 cases below 10 °/o. 

Biotite is brown in one rock, but as a rule olive-green. It may 
be fresh, but it is usually more or less chloritized. 

Garnet has been observed in two thin sections. 
Epidote and orthite are found in one of the garnet-bearing 

specimens. 
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Tourmaline occurs in one thin section. 
Aggregates of a brownish minoral, as described above (p. 127) 

occur in several specimens. 
A little calcite is observed in some thin sections. Partly it forms 

small irregular patches, partly it occurs in veins. 

4. Greenstones. 

Thin sections of 13 specimens. Probably for the greater part 
dyke rocks, perhaps in some cases altered Javas. The rocks are 
fine-grained or aphanitic. The colour is green or greyish-green. 
Strong alteration with formation of chlorite and carbonate is a 
common feature. 

The chief minerals are plagioclase, chlorite, and calcite. A little 
quartz has been observed in 9 thin sections. Further epidote-zoisite, 
iron ore, apatite, brown biotite, muscovite, leucoxene and (?) rutile 
may occur. 

Plagioclase is albite in 4 thin sections, for the rest (9 thin 
sections) the composition cannot be determined. 

(?) Rutile: Aggregates of small rod-like minerals, which have 
high index of refraction and high birefringence. Parallel extinction. 
Green chlorite between the rods. 

5. Sedimentary rocks. 

Concerning the pieces of sandstone it can only be said that 
they may very well have been derived from the older sandstone 
series. but they may just as well have come from the Raipas series. 
As illustrations, two specimens will be described: 

l. White sandstone. Dolomitic tillite, the west side of the Tarm
fjord. Quartz is the dominant constituent. Rounded grains, diameter 
0.15--0.75 mm. In addition a few grains of zircon. The cement is 
chiefly calcite. 

2. Fine-grained, slightly reddish, quartzitic sandstone. The lower 
tillite, SE of the head of the Srnalfjord. Main constituent quartz; 
rounded grains. Microcline and plagioclase, both fresh, are well 
represented. Some grains of zircon and of muscovite are also present. 
The cement is chiefly silica, but also a little iron ore. The grain 
size falls into two groups; most of the grains are 0.2-0.3 mm in 
diameter, the others 0.5-0.7 mm. 
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Different types of dolomite rocks have been mentioned before 
(p. 80). They may have come from the older sandstone series, or 
they may have belonged to the Raipas series. 

Two of the examined samples differ from the general types, and 
will be especially described: 

l. Heavy, brown-violet and rusty, somewhat porous rock, mega
scopically resembling a slaggy lava. In part oolitic structure. The 
basal beds of the lower tillite, west side of the Tarmfjord. 

It appears to be a carbonate rock, perhaps sideritic in com
position. All indices of the minerals are greater than that of canada 
balsam. The grains are partly yellow, the stain beginning along the 
selvages. In the oolites the size of the crystals is O. l- 0.15 mm in 
diameter, in the matrix the diameter is below 0.05 mm. 

2. Greyish green, very fine-grained rock, megascopically resembl
ing diabase. Locality as above. Chief constituent carbonate, often 
somewhat yellowish, possibly siderite in part. Further there occur 
small angular grains of quartz (diameter about 0.05 mm), some laths 
of muscovite, green chlorite, and crystals of pyrites. Megascopically 
no stratification can be seen, but with the microscope a certain 
parallel arrangement is observed. 

Discussion. 

The available rock specimens from the crystalline area south 
of the tillites is quite insufficient to give any certain data as to the 
sources of the erratics and the direction of the glacier movement. 
On ly this can be said: South of the sediment border there exist 
rocks resembling the quartz dioritic and the granitic rocks of the 
tillites. According to O. Holtedahl (1918, p. 212), there occurs, be
tween the sediment border and the Tana River, along Lævvajokka 
and eastwards, a belt of light-coloured, highly garnetiferous rocks, 
partly quartzitic, partly granitic. This belt, 30-40 km broad, trend
ing NNW, is directly connected with the granulite area of Finland. 
Farther east occur granitic rocks, gneissose rocks, and also horn
blende schists, and horn blende gneisses. The rocks of the area south 
of the Varangerfjord consist mainly of gneisses and granites. 

I have examined thin sections of the rocks resembling those of 
the erratics, and a brief account will be given here. 

Locality Karlbotn, south of the head of the Varangerfjord. Three 
thin sections of granodioritic or quartz dioritic gneisses. 

Norsk geo!. tidsskr. 17. 9 
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Chief minera1s: quartz, acid p1agioclase, biotite (brownish olive
green), and also microcline. Accessories: apati te, zircon, reddish 
garnet, and a little zoisite-epidote. Plagioclase is usually slightly 
sericitized, biotite a little chloritized. 

Several erratics in the tillites might have been derived from here. 
Two thin sections of dyke rocks have been examined. One 

(Iocality: Braselv, South Varanger) consists of quartz, epidote, chlorite, 
and ilmenite which in part has been changed to leucoxene. The other 
(from Spikargaissa, south of Karlbotn) consists of plagioclase, pyr
oxene, ilmenite, leucoxene, and a green mineral which obviously is 
amphibole and not chlorite. 

In the tillite material I have found no rocks like these. 
Holtedahl has collected some gneiss specimens at Gollevarre 

(east of the Tana River, south of Skipagurra). The chief minerals 
are quartz, acid plagioclase, biotite (brownish olive-green); zoisite
epidote in varying amounts, further apatite and a little pyrites. 

Epidote-bearing rocks are not common among the erratics of 
the tillites. 

A gneiss from Aleknjarg (south of Skipagurra) contains quartz, 
plagioclase, biotite (dark olive-green), zircon, apatite, muscovite. 
It thus resembles the gneisses of the tillites. 

I have collected a few specimens of gneisses and quartz diorites 

south of the sediment border in the Cikkojok district. The minera1s 
are the usua1: quartz, acid p1agioclase, biotite, ch1orite, a little 
muscovite, apatite, and also in some cases zoisite-epidote. 

Amphibo1e has not been encountered in any of the quartz 
diorites and gneisses thus far described. In the Cikkojok district, 
however, · amphibo1e-bearing rocks are common (p. 1 15). A1so from 
other places amphibo1ites and hornb1ende gneisses have been 
observed. No such rocks have been found among the erratics. 

Reference cou1d be made to the fact that garnet is a chief con
stituent in some of the sandstones between the tillite beds, and of 
the sandstone below the 1ower tillite in the Cikkojok distrikt (p. 84). 
Thus the source of material of these sandstones must have been 
rocks rich in garnet; it is natura! to think of the light-coloured 
garnetiferous rocks which are mentioned by Holtedahl from the area 
east of Lævvajokka. But in the tillites these rocks are not represented. 

The direction of the g1acial striae on the substratum of the 
Bigganjargga-tillite (at the head of the Varangerfjord) is perhaps 
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merely a local phenomenon, giving no information of the general 
direction of the ice movement. According to H. Reusch (1891) there 
are at Bigganjargga two sets of striae, one set with the direction 
SE-NW, and another, fainter, set with the direction E-W. It must 
be assumed that the movement here was from SE towards NW, 
that is away from the present-day sea, for it is impossible that the 
ice can have come from a northerly area. Obviously the movement 
corresponding to the older set of stria must have been from east to 
west, and not the opposite. 

Ill. General View of the Sandstone Divisions 

of Finnmark. 

A. Eastern Finnmark. 

l . The Older Sandstone Series. 

The older series is completely of shallow-water origin, in the 
sandstone ripple marks occur, in the shale, mudcracks and patches 
of clay material. Current bedding of greater and smaller dimensions 
are also observed. Real conglomerates are, however, not common; 
in the sequence of Tananes there is only one horizon. 

The dolomites are also shallow-water deposits. According to 
Holtedahl ( 1918, p. 261 ) , mudcracks and ripple marks are especially 
common in the dolomite-shale-sandstone series on the north coast 
of the Varanger Peninsula, and intraformational conglomerates or 
breccias are common there as well as in the Trollfjord and Pors
anger dolomite. 

In spite of current bedding and conglomerate layers the sedi
ments have not the character of river sediment; especially the occur
rence of dolomite contributes to this view. We must suppose that 
the sedimentation has taken place near the land, and that the supply 
of material has been abundant. There must have been, in any case 
at certain times, perceptible currents in the water. 

Whence the material derives, or, in other words, where the land 
masses yielding the sediments were situated, is difficult to say with 
certainty. The clastic minerals are quartz, plagioclase, mica, chlorite, 
microcline, zircon and tourmaline; in short, the common minerals 
in any gneiss area. Thus the contents of minerals are no obstacle 
to the material being derived from the crystalline rock in the south. 
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2. The Unconformity. 

From my studies in these areas, I must fully agree with Holte
dahl's supposition that prior to the sedimentation of the younger 
series, a down-faulting has taken place on a line along the Varanger
fjord and further westwards. Directly to verify this down-faulting 
can hardly be done. Traces of fault-breccias are not observed, nor 
could it be expected. We must remember that the border is covered 
by the younger sandstone, and, further, there are great masses of 
loose material in the areas along the border. 

This sudden disappearance of the older series in the south 
might also be explained in another manner, viz., by assuming that 
during the deposition of this series the surface of the crystalline 
rocks was sloping rather steeply towards north. A reason against 
this is the Jack of coarse material in the older series; anyway, one 
might well expect the rocks near the crystalline area to distinguish 
themselves from the rocks farther north. That is not the case, how
ever, the rocks of the Klubbfjell series on the Varangerfjord being 
of the same character as those of the Tananes series. 

I do not think too much weight, however, can be given such 
a negative proof. On the contrary, more importance might be attached 
to the obvious fact that the younger series Iies unconformably on 
the older, thus some movement must have taken place at that time. 

The block in the south is relatively elevated, and we know that 
during the deposition of the younger series, real terrestrial conditions 
existed south of the present sediment border. It appears clearly 
from the geological conditions that the material of the tillites and 
the interjacent shale-sandstone series has been brought from there. 

But also the block in the north seems to have been exposed 
to erosion which has caused the unconformity between the older 
series and the younger. In the Tanafjord district the direction of 
the greatest angle seems to be N 30° a 40° E; on the Varanger
fjord, towards east, even younger layers are seen below the plane 
of unconformity. The angle of unconformity is, however, very small 
in the Tana district, max. 2°, but at a length of, say 10 km, 2o 
would cause a difference in the sequence of 350 m. 

The vertical throw of the fault seems to have been greatest in 
the east, as eastwards we find still younger beds of the Klubbfjell 
series, and, as westwards, the surface of the crystalline area gradually 
grows more even. 
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The supposition that the uneven surface of the crystalline area 
has been formed by erosion after the formation of the older sand
stone series, involves that all sedimentary rocks in the depressions 
south of the fault-line must be classed among the younger series, 
thus also the glaciated sandstone below the Bigganjargga tillite on 
the Varangerfjord. 

Also in the Cikkojok district sediments below the lower tillite 
have been dealt with, viz., those on the hills "176" and " 204 " .  On 
the latter, the material has been deposited in a distinct depression, 
and must be reckoned in the younger series. The rock is an arkose, 
the minerals are angular and fresh, suggesting glacial or arid climate, 
in this case obviously glacial. 

3. The Younger Sandstone Series. 

Th e l o w e r  t i  Il i t  e. The occurrence of the tillites as two 
extended layers in a series of sandstones and shales, and the common 
presence of a more or less well-developed stratification, tell of a 
deposition in water; probably the material has dropped from drifting 
icebergs. As regards the lower tillite, the occurrence at one and the 
same place, of different types of the tillite, in part with well marked 
borders, possibly suggests that there has been more than one advance 
of the ice mass. 

Outermost on the peninsula west of the Smalfjord, the ice mass, 
alternatively, the base of floating icebergs, has eroded the Vagge 
shale. The deposition of the dolomitic tillite has followed just after
wards, the excavated material and the lowermost part of the tillite 
being somewhat mixed. The coarse stratification of the dolomitic 
tillite indicates a glacifluvial deposition. Portions of stratified fine 
mudstone, containing some straggling erratics and layers of grave!, 
show that the deposition has taken place in water. I should be 
inclined to think that the front of the glacier was situated near the 
head of the present fjord at a time when the glacier was eroding 
mainly dolomitic rock. 

The decrease of the dolomitic tillite towards the south may, 
however, also be due to ice erosion of the moraine during a later 
advance of the glacier. The !argest thickness of the lower tillite 
- about 45 m - has been measured at the head of the Smalfjord. 
Farther south, the thickness seems to be far less, this being due to 
less deposition of material or to temporary periods of erosion of the 
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bottom moraine. At the southern border of the sediments the thick
ness is again larger, being at !east 20 m. Of interest is the fact that 
the block material there consists exclusively of crystalline rocks. 
It suggests that the tillite is there a shade younger than that of the 
Tanafjord, the erosion of the glacier having reached the crystalline 
basement. However, at that time some parts of the present Pre
Cambrian crystalline rocks must still have been covered by sedi
mentary rocks, as we find erratics of sedimentary rocks in the upper 
tillite. Possibly, the remaining parts of these rocks were farther 
away, and the glacier at the time of the formation of the Oikkojok 
tillite bad a comparatively little extension. 

The tillite in the Oikkojok district differs in colour from that 
of the districts farther north, and also from that of Bigganjargga on 
the Varangerfjord. Also this fact indicates that the Oikkojok tillite 
and the Tanafjord tillite are not quite contemporaneous deposits, no 
reason being present for a horizontal variation in colour of the tillite, 
if the material bad dropped down at the same time everywhere. 

Peculiar features of the tillite at Vaddasbakte is the occurrence 
exclusively of sandstones as erratics, and the rounded shape of 
some of them. 

Southwards from Vaddasbakte the number of erratics decreases, 
and possibly vanishes near the Antebaktoaivve mountain. It may 
have some connection with the dying out of the fault towards 
the west. 

Above the Bigganjargga tillite on the Varangerfjord, there occurs 
light-coloured sandstone with irregular beds of badly assorted conglo
merates, especially containing dolomite pebbles. Holtedahl regards 
this as glacifluvial material. Close above the lower tillite there are, 
also in the Oikkojok district, sediments, which are not found farther 
north, viz. a zone of shale and sandstone, about 50 m in thickness. 
This material has consequently been deposited only near the land. 

T h e  r e d - b r o w n  s h a  l e  a n d  s a n d  s t o  n e  has thus a some
what varying substratum: On the Tanafjord, the lower tillite, on 
Oikkojok and on the Varangerfjord, the rocks just mentioned, and 
between the Varangerfjord and Lismajavrre, basal conglomerate 
directly on the uneven surface on the crystalline rocks. 

During the deposition of this stage, the climate has obviously, 
been milder, so that any glaciers have not reached the sea. The 
period should be considered as an interglacial one. However, as the 
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minerals are fresh and little rounded, frost has probably still been 
a very active agent in breaking down the rocks. 

When we are comparing the character of the rocks at different 
places, it seems obvious that the sediment-yielding land was lying 
to the south. Near the southern border of the sediments, coarse 
sandstones, partly in very thick beds, predominate, but farther north 
the shale material is present in about equal amount as the sand. 

The exact measurement of this stage is most often impossible. 
In the Vestertana-Njukcagaissa districts the thickness is between 
200 m and 400 m, from there it decreases in any case towards east 
and north-east, being at Lavvonjargga and east of Tana Church only 
a bo ut l 00 m. Sands tone beds are practically missing in the two last
mentioned places. East of Leirpollen, the thickness seems to be 
very slight. According to Holtedahl ( 1918, p. 169), the measurement 
of this stage is also very difficult on the Varangerfjord. He estimates 
the thickness in the western part of the Nesseby district to ne ar 
100 m, whilst eastwards, in the Mortensnes-Per-Larsavik districts, 
the thickness greatly varies in short distances, probably chiefly on 
account of tectonical disturbances. just east of the houses at Mortens
nes, the thickness of the sediments between the dolomite conglomerate 
and the red til! i te is more than 50 m, whilst east of Per-Larsavik, 
the corresponding thickness is only about 5 m. 

Even if secondary causes may play a great part, I do not 
consider it very probable that a thick stage consisting of such coarse 
beds as those known from the Cikkojok district, can be pressed 
out to nearly nothing without the rocks, on the whole, having be
come more metamorphic than is the case. I should therefore think 
that the thickness, also eastwards, has originally been less. 

To the north, between the Trollfjord and Gressdalen, I have 
made no measurement of the stage, owing to short time, but it 
should be possible there. I got the impression that the thickness 
was there less than in the Vestertana-Njukcagaissa districts. We 
shall notice that there is less shale proportionate to sandstone at 
Grasdalen than there is at Vestertana and farther south. 

T h e  u p p e r  t i  Il i t  e has a more uniform character than the 
lower tillite, and the variation of the thickness is more even. 

The shale fragments in the upper tillite resemble the shale of 
the stage between the tillites; probably the new glacier has in places, 
perhaps chiefly near the land, eroded the unconsolidated sediments. 
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That only clods of clay and not of sand are found, is natura!, just 
when the sediments were unconsolidated, as the sand will break up, 
while the cohesion in the clay will be so great that the material 
remains in clods. 

As to the colour of the upper tillite, it is red-brown near the 
sediment border, and grey-green farther north. At Seida, and west 
of Maskejavrre, the lower part is red-brown, the upper part is grey
green. The red-coloured part of the tillite is consequently a lower 
part, disappearing towards the north. 

The variation in the thickness of the upper tillite is shown on 
the map Fig. 42. The flgures are taken from places where at the 
same time underlying and overlying beds are seen. The flgures must 
not be taken too literally, as I have in most cases not directly 
measured the thicknesses. But the differences in thickness are so 
conspicuous that there is sufflcient basis for a judgment of the 
direction of the variation. 

The thickness of the tillite west of Maskejavrre and in the 
Njukcagaissa-Vestertana districts is about the same, and rather 
great, so that the tillite ridges form a prominent feature of the land
scape. Westwards from Njukcagaissa the thickness distinctly decreases. 
Also towards the NE, the thickness decreases, this can be seen 
already at Vestertana, and is quite distinct at Stappogiedde. On the 
Trollfjord, the thickness, at any rate, is not greater than at Stappo
giedde. Peculiar is the great amount of carbonate in the upper tillite 
of the Trollfjord. 

Between Njukcagaissa and the Tana River it is difflcult to settle 
the variation of the thickness; but when going as far east as to 
Leirpollen, the thickness is found to have decreased considerably. 
However, by then we have also moved a good deal towards 
the north. 

At Seida the thickness apparently belongs to the greater group. 
In the environment of Skipagurra, and westwards along the Varanger
fjord, there are no determinations of the thickness from places where 
overlying beds are exposed. 

Conclusions concerning the original thicknesses of the tillites 
must be drawn cautiously, as icebergs may have eroded the previously 
deposited morainic material. There is, however, hardly any reason 
to question an original decrease of the thickness of the upper tillite 
westwards and north-eastwards from Njukcagaissa. 
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Fig. 42. The thickness of the upper tillite. 

As regards the red-brown shale and sandstone, and also the 
upper tillite, one has the impression that an especially rich supply of 
material has taken place in the Cikkojok-Lismavarre district, and that 
the material has spread fanwise. In the Cikkojok district we have also 
seen a locally occurring zone of sediments just above the lower tillite. 

T he s e d i m e n t  s a b o  ve th e u p per ti I I i t  e. This part of 
the sequence gives us no hints as to the origin of the material. 
I have mentioned (p. 87) that as regards the lower stages - that 
of the bluish-green shale and that of the red quartzitic sandstones -
the development in the north-western districts seems to differ from 
that of the south-eastern. In the latter district also the thickness of 
the bluish-green shale seems to be greater than in the former, but 
I cannot sa y with certainty. 

The probability is that the source of the material was the same 
land as that which produced the tillite material. The equal-grained 
and small-grained character of the red quartzite may perhaps indicate 
wind-blown material, though it must have been deposited in water. 
The frequently occurring ripple marks of the sandstone beds show 
that deposition has, moreover, taken place in shallow waters. 
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No stratigraphical break has been observed; on the contrary, 
there always seems to be transitions between the stages I have 
separated. This is the case also further up the huge stage of light 
coloured sandstone at Duolbasgaissa. Nor does the conglomerate 
seem, as it appears on Boksjokka, to represent any break in the 
deposition. 

4. The Fossiliferous Stage and the Hyolithus Zone. 

The fossils on the Digermul Peninsula are, according to Strand, 
of Middle Cambrian, perhaps Upper Cambrian, age; consequently, 
the rocks are younger than the Hyolithus zone of Western Finnmark. 
The mode of occurrence of the fossils, as also the fact that Lingulella 
is found in a series of several tens of meters, indicates a rapid sedi
mentation. The lowest beds - 30 a 40 m at most - are unfossili
ferous, but, on account of the rapid sedimentation, it is improbable 
that these beds correspond to the Hyolithus zone. Then the question 
suggests itself whether any part of the sequence at Stappogiedde 
CJrresponds to the Hyolithus zone (the tillite being considered older 
than fossiliferous Lower-Cambrian). As previously mentioned, there 
is only very little chance of flnding fossils in the rocks of the 
Stappogiedde sequence, the only possibility left being that a corre
spondence can be traced by the petrographical character. 

Holtedahl has dealt with the Hyolithus zone on the Alta River 
and south of the Porsangerfjord. The H yolithus zone everywhere 
rests on the peneplane above the Pre-Cambrian crystalline rocks. 
The thickness varies somewhat, from 150 m to 230 m; but this fact 
has little importance as the zone is separated by a thrust plane 
from the overlying rocks -- metamorphic rocks or Porsanger sand
stones. The sequence in the Alta district is, broadly speaking, the 
following (for an exact division, see Holtedahl, 1918, pp. 28-34 and 
p p. 2 16- 12 1): Above coarsely clastic basal zone with conglomerate 
and sandstones, there cornes a zone of green and chocolate-brown 
shale, arenaceous higher up, containing numerous sandstone beds. 
Thereupon an about 20 m thick compact sandstone occurs, then again 
a more argillaceous zone, which, however, has not little admixture 
of thin sandstone be ds; the shale is usually yellowish or reddish. 

In the Gaggagaissa mountain (south of the Porsangerfjord) the 
about 20 m thick sandstone is missing. The Platysolenites leve!, 
which between Tornetrask (Sweden) and Finnmark Iies below 100 m, 
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in the Gaissas Iies at about 120 m, that is suggesting an increase 
of the thickness from SW towards NE. 

The only part of the Stappogiedde sequence which, from the 
character of the rocks may be considered as an equivalent to the 
H yolithus zone, is the thick shale stage a bo ve the red quartzitic sand
stones. There is, however, no actual correspondence with the Hyo
lithus zone as I know it from Holtedahl's description. Shallow-water 
deposits, however, may vary rather rapidly from place to place, and, 
possibly, in the Tana district we have to do with sediments deposited 
nearer land than those in West Finnmark, on account of the difference 
in the previous history of the areas. I am especially thinking of the 
fault in the direction of the Varangerfjord, which has, in any case 
for some time, caused a real highland to the south. 

Frankly speaking, it is still an open question whether some part 
of the sediments of the Digermul Peninsula corresponds to the 
Hyolithus zone, or whether in the Tana district a stratigraphical 
hiatus exists, the H yolithus zone never ha ving been deposited. 
Detailed investigations on the Digermul Peninsula may possibly clear 
up the matter. 

B. The Porsanger District. 

It is still impossible with full certainty to state the relation 
between the Porsanger series and the sequence of the Tana district; 
but everything tends to the conclusion that Holtedahl's view is 
corre ct, viz. that the Porsanger series corresponds to the older sand

stone series of the Tana district. 
The lower part is a sandstone series of considerable thickness, 

in the upper part of which a dark shale zone is seen. In 1934 
I visited the upper part of the Porsangerfjord, to me the sequence 
looked like the upper light-coloured quartzitic sandstone with the 
Vagge-shale on the east side of the Tanafjord. Above the light
coloured sandstone at Porsanger there comes a succession of shale 
and sandstone, well interbedded. The sandstone is mostly greenish, 
the shale mostly red-brown, but also black, green, yellowish. Above 
this, the Porsanger dolomite, whose light-coloured, often barren, 
rounded crags are very conspicuous. 

To the shale-sandstone stage and the dolomite we have, as 
mentioned by Holtedahl, probably an equivalent south of the Troll-
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fjord, in the shale zones with dolomite, which occur between the 
Vagge-quartzite and the lower tillite. However, there the whole is 
of far smaller dimensions. The dolomite-shale stage, however, may 
originally have been of greater thickness, having probably been ex
posed to erosion prior to the deposition of the tillite. I have in 
the next chapter suggested the possibility that the dolomites on the 
north side of the Varanger Peninsula belong to the same horizon. 
Also the great quantity of dolomite in the tillites, especially in the 
lower tillite on the peninsulas at the head of the Tanafjord, suggests 
that the Porsanger dolomite belongs to the older series. In the tillite 
dolomite fragments are aften seen with structures which are common 
in the Porsanger dolomite, viz., brectia-dolomite, ooides, and strom
atolites. Actual oolites are also known from the tillites, they are not 
observed in the Porsanger-dolornite. The contents of dolomite in 
the tillite cannot, however, be considered as a final proof for the 
Porsanger-dolornite as belonging to the older series, as the dolomite 
might be derived from the Raipas division. I would not now enter 
upon a thorough discussion of the relations between the Porsanger
series and the series of the Tanafjord, the solution will not be reached 
until in vestigations are made in the are as between the head of the 
Laksefjord and Porsanger. 

C. The Alta District. 

l. The Raipas Series. 

The Raipas series has been subjected to falding movements with 
subsequent denudation befare the deposition of the tillite-bearing 
Bossekop series commenced. The unconformity between them is 
thus of a higher grade than that between the older and the younger 
series in the Tanafjord and the Varangerfjord districts. It does not 
seem very probable that the movements which to the east have 
caused the slight tilting of the older series, should be contemporary 
with the real orogenesis whereby the Raipas series was folded. The 
Raipas series is also distinguished from the other sandstone series 
in Finnmark in its contents of volcanic matter. I consider the Raipas 
series to be older than the older sandstone series of East Finnmark. 

Holtedahl ( 19 18, p. 227) quotes that N. Zensen and Th. Vogt 
regarded as probable a Pre-Cambrian age of the Raipas-series, 
because a well-marked falding, older than a sedimentary sequence 
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which is again Pre-Caledonian, most naturally had to be classed as 
Pre-Cambrian. Holtedahl states on the same page (in translation) :  
"That there is a considerable interval of  time between the forming 
of those two series 1 is therefore beyond doubt. With the supposition 
of the Bossekop series as Lower-Cambrian we must in any case go 
the whole length and consider Raipas as belonging to Pre-Cambrian." 

Holtedahl was at that time of the opinion that the Raipas series 
was equivalent to the strata on the north side of the Varanger 
Peninsu1a, which strata he regarded as a younger sub-division of 
the older sandstone series of the Tanafjord, but which were missing 
on the Tanafjord on account of erosion prior to the deposition of 
the tillite. We must now think it probable that the sedimentary rocks 
on the north side of the Varanger Peninsula corresponds to the 
series of Tananes; thus I could suggest as a possibility that the 
Kongsfjord shale is equivalent to the Stangenes shale, and that the 
dolomite-shale-sandstone stage of Båsfjord, Syltefjord and Persfjord, 
is a continuation of the dolomite-shale stage of Trollfjord. It is 
natura! that the thickness of the dolomite-shale stage is greater at 
Båsfjord etc., than at Trollfjord, as, on account on the unconformity, 
we should find younger beds of the older series the more we get 
towards the NE. 

In any case, there is now no reason to regard the Raipas series 
as equivalent to any part the rocks of the Varanger Peninsula. And 
the consequence of the altered view of the age of the tillite, viz., 
from Ordovician to Eo-Cambrian, will, therefore, according to Holte
dahl himself, be that the Raipas series belongs to Pre-Cambrian. 

However, to state this as an absolute fact may be going too 
far; it is difficult to say what time would be required for the 
petrifaction of the sediments, falding and subsequent denudation. 
Consequently, there is no absolute reason for making a distinction 
of systems on account of such an unconformity. 

2. The Bossekop Series. 

It should be beyond doubt that the tillite of the Bossekop series 
corresponds to one of the tillites in the Tana-Varangerfjord districts, 
but to say which of them is hardly possible. The red shales and 
sandstones above the tillite give no reasons in this respect. Nor can 

I The Raipas series and the Bossekop series. 
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it be determined whether the light-coloured, about Il O m thick, 
sandstone series below the tillite belongs to the older or to the 
younger series of the Tanafjord. The occurrence in the tillite of 
erratics very like types of the underlying Bossekop quartzite might 
indicate that there exists below the tillite a break in the succession, 
as on the Tanafjord. 

The position of the tillite in the sequence is, according to Holte
dahl's description, entirely conformable and no striation of the sub
stratum has been seen. 

IV. Some Remarks on the Eo-Cambrian Glaciation. 

O. Kulling (1934) gives in his treatise "The 'Hecla Hoek For
mation' round Hinlopenstredet" a general view of all the known 
occurrences of tillites at the base of the C am brien or just be fore it. 
The general view is accompanied by a valuable, up-to-date, biblio
graphy.1 He graduates the occurrences into three groups (p. 245): 

I. "Those which are conformably underlying fossiliferous Cam
brian": Spitzbergen, East Greenland, Finnmark (and The Fisher's 
Peninsula of Finland-Russia), South Norway, China, Australia, North 
Ameri ca (Salt Lake in Utah). 

Il. "Those which are unconformably overlain by Cambrian sedi
ments": Central Siberia and Central Asia (three occurrences, at a 
great distance from each other). 

Ill. "Those which, though the absence of fossils precludes any 
deflnite determination of their age in relation to the oldest Palae
ozoic, are considered contemporary with any of the first group": 
North India, South Africa, Central Africa. 

Especially closely he deals with the relative geological position 
of the correlated districts round the present Scandic. 

To Kulling's perspicuous and critical view I will only add some 
points of interest for the correlation. Firstly, the flnd of fossils on 
the Digermul Peninsula finally proves that the tillites of Finnmark 
belong to Kulling's group L Secondly, I would point to the interesting 

I To this is now added: Edgeworth-David, Sir T. W. Memoir on Fossils of the 

Late Pre-Cambrian (Newer Proterozoic) from the Adelaide Series, South 

Australia. Sydney 1936. 
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Fig. 43. 

fact that both in East Greenland and in East Finnmark there are 
two tillite horizons, separated by a zone of sandstone and shale, 
which must be considered to be interglacial. Further, a common 
feature of the two areås mentioned is the greater amount of dolomite 
in the lower tillite than in the upper one, which contains compara
tively more of crystalline rocks. This indicates an erosion of an 
older part of the sediment formation, which erosion has gradually 
advanced into the crystalline basement. 

As regards the block material in the tillites, Kulling has demon
strated accordance for some eruptive rocks in the Sveanor tillite 
(Spitzbergen) and the upper bed of the Cape Oswald tillite (East 
Greenland); he concludes ( 1934, p. 243): "It is rather likely that 
some land existed between East Greenland and the Spitzbergen 
districts - a geanticline between the shallow geosynclinal basins -
supplied the material for the Svea nor and the Cape Oswald tillites." 
The rocks in question are chiefly hypabbyssic or surface volcanic, 
which, he presumes, have erupted just before the time of the glaciation, 
but after the deposition of the elder part of the formation. 

In the tillites of Finnmark, gneisses and granites are the most 
frequent crystalline rocks, whilst intrusives or extrusives are rare. 
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And, even if some of the greenstones should be very like rocks 
found in the Sveanor or Cape Oswald tillites, and we also presume 
that the distance between Greenland and Norway was in those days 
shorter than now, it seems very little probable that the tillites of 
Finnmark had the same sediment-producing area as the Sveanor 
and the Cape Oswald tillites, - on account of the geological condi
tions, the material of the Finnmark tillites having been brought from 
the south. 

To the occurrences of tillites on Spitzbergen which are mentioned 
by Kulling, the locality Gåshamna, Hornsund, might be added. Members 
of the expedition of Hoel and Røvig, 1917, collected specimens there 
of an unassorted conglomerate, the specimens being now in the 
Geological Museum, Oslo. The groundmass of the rock is a bluish 
quartzite, with rounded quartz grains of size above l mm in diameter, 
the fragments consist of dolomite with oolitic structure. 

On The Fisher's Peninsula, North Finland, there are no fossili
ferous rocks, and the reason why the tillite has been reckoned to 
the class I is exclusively the short distance from Finnmark. K. Lupander 
( 1934) has given a summary of the sedimentary rocks on the Finnish 
part of the peninsula. In these sedimentary rocks there occur a 
conglomeratic sandstone or arkose, and a shale with angular frag
ments, both are supposed to be moraine conglomerates. The total 

thickness is nearly l 500 m. The other rocks to some extent resemble 
the sedimentary rocks in East Finnmark; but an y correlation between 
the sequences is not possible. 

Lupander has found glauconite in a considerable part of the 
sequence; this mineral has not been found in the series of 
Finnmark. 

The border line between the sediments and the crystalline rocks 
seems to be a continuance of the fault line along the Varangerfjord. 

Holtedahl has in several papers mentioned the tillite-like character 
of the unassorted conglomerate (the Moelv conglomerate) in the 
Eo-Cambrian sparagmite of Southern Norway. Striated boulders 
have not been found, but there should hardly be any doubt about 
the glacial origin of the conglomerate. The occurrence of an un
assorted conglomerate whose character and stratigraphical position 
are to such an extent consonant with the tillites of Finnmark, East 
Greenland and Spitzbergen cannot reasonably be explained in 
another way. 
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V. The Caledonian Deformation in Eastern Finnmark. 

l. The Effects of the Pressure on the Different Parts 

of the Series of Strata. 

In the introduction I pointed out that I have studied the 
tectonical conditions in the area only in connection with the 
investigation of the stratigraphy. As the observations are thus 
comparatively occasional, I will not engage in a thorough discussion of 
the tectonics, but only point out some of the more conspicuous features. 

The Tana district is very suitable for studies of the effects of 
horizontal forces on a series of strata with beds of different resisting 
power. The solid, rigid, though brittle sandstones react against the 
pressure in a manner different from that of the weak shales. A hori
zontal bed can be folded on account of horizontal compression only 
when the bed has sufficient strength to lift the overlying beds in the 
anticline and to press away the underlying beds in the synclines. 
Willis, B. & Willis, R. ( 1934, p. 77) ca li such beds c o m  p e t e  n t, 
whilst weak be ds as shales are ca lied i n  c o m  p e t e  nt; in the latter 
the stress is relea sed by the crum bling of the rocks and· by the 
forming of numerous shear planes. Over a longer distance, the 
pressure will be transmitted by the competent strata, thus controlling 
the falding, whilst the incompetent strata are laid in passive folds. 

The older sandstone series has, broadly speaking, acted as a 
competent unit; on Tananes and at Stangenes-Vagge, the whole 
series - about l 000 m - takes part in the forming of one fold. 
The thickness of the shale zones, which are in themselves incompetent 
strata, is not large enough to separate the series into more groups 
of competent beds, the zones, however, in a number of cases cause 
irregularities in the attitude of strata. At the falding, the rigid strata 
move relatively, chief! y in the way that each bed moves up the flanks 
of the anticlines proportionate to the underlying beds. Shale beds 
between the sandstones facilitate the movement. In the arenaceous 
shales rich in thin-splitting sandstones, this movement takes place 
along the beddfng planes, whilst in the more homogeneous shales, 
like the Stangenes slate, a secondary schistosity is produced. With 
strong deformation the shale zones may be highly pressed out, e. g. , 
SE of Vagge, where the shale zones towards SE are gradually growing 
indistinguisha ble. 

Norsk geo l. tidsskr, 17. JO 
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Fig. 44. Oblique folds of the upper tillite. 

The huge folds are always more or less oblique, the axial plane 
dipping WNW or NW. The anticlines are often overturned, then 
the brittle sandstone beds will often break, and at further develop
ment the folds may pass into thrust faults, e. g. , SW of Gavesluft 
on Tananes and at Lavvonjargga. 

The lower tillite tectonically follows its substratum, the older 
sandstone series. But it is a more yielding bed, which may Iie in 
more acute folds without having broken, the deformation force having 
been released by movements along shear planes which are the cause 
of the frequent schistosity of the tillite. The dip of the schistosity 
planes is about 70°, more or less WNW. The degree of schistosity 
depends on the local deformation, and thus varies from place 
to place. 

The tillite is more resistant against weathering than are the 
brittle sandstones. As long as an anti cline is covered by a cap of 

tillite it can remain as a ridge, but as soon as the tillite has been 
penetrated, the further development of the valley seems to proceed 
rapidly; it may be seen very well on the peninsulas between the 
Smalfjord and the Tarmfjord. Generally, the valleys and fjords in 
the Tana district are mostly developed along anticlines. 

The upper tillite is the competent bed proportionate to its 
adjacent strata; it has form ed its folds independent of the older 
sandstone series, except where the latter has domed highly, as at 
Niukcagaissa. The folds are always inclined, most often overturned, 
and not seldom the upper part of the anticline has been somewhat 
thrust towards SE or ESE over the substrata so that a discordance 
appears, giving the impression of imbricate structure . .  This impression 
is intensified by the fact that the front of the anticline has in rnany 
cases been rernoved, so that in going towards WNW, we repeatedly 
see tillite lying over the red and brown shale and sandstone (Fig. 44) 
Secondary schistosity, with dip at about 70°, is more frequently and 
distinctly developed than in the lower tillite. 
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Fig. 45. Schistosity of the upper tillite. West of the Njukeagaissa 

mountain. Seen from NNE. 

The stage "red and brown shale and sandstone" is, taken 
8S a whole, an .incompetent unit, but, in itself, consists of strong 
sandstones and weak shales in rapid alternation. The result is a 
very intensive folding, the folds are most often acute and isoclinal. 
Only very seldom these strata do appear approximately flat-lying 
and undisturbed. This is the case at the Alteberg peninsula, but 
even there it may be seen how the sandstone beds form unexpected 
and irregular folds. The mud-rocks in this stage have a distinct 
schistosity. in part coincident with the bedding, but also often 

deviating from it. 
The stage "dark shale and coarse sandstone" above the upper 

tillite reacts against the compressive force like the stage between 
the tillites. 

Farther up the series, the following strata are incompetent: 
The red-violet shale and the bluish-green shale, the 550 m thick 
green siltstone, and the fossiliferous shale stage. Only where the 
adjacent competent beds are strongly folded, has a comparatively 
intensive fold ing of these beds taken place; for the rest the horizontal 
compressive stress has been released in forming shear planes, thus 
producing schistosity. The degree of the schistosity varies about 
proportionately to the intensity of the folding of the competent beds 
at the different places. The fossiliferous shale splits along the bedding 
planes, as I have previously mentioned (p. 109). 

On the other hand, competent strata are the following: The 
red quartzitic sandstone, the neighbouring white sandstones, and the 
thick Duolbasgaissa sandstone stage. Seen from the Tanafjord, the 
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Iast-mentioned is apparently lying fairly flat and undisturbed, as the 
mountain side and the direction of the strike are coincident. The 
beds dip more or less towards NW, and in the small valley-cuts, 
traces of strong tectonic disturbances happen to occur. Thus the 
photo. (Fig. 46) shows a peculiar tectonic discordance, probably 
formed by the total squeezing up of a syncline and the subsequent 
thrusting of the upper part of the strata (locality: about 2 km SW 
of Duolbasgaissa) . 

Shortly summarizing, I can say that the deforming force seems 
to be of equal strength in all parts of the series, but the character 
of the deformation and the degree of the folding, depend on the 
character of the rocks, and then not only that of the strata in 
question, but also of the adjacent strata. 

It might be expected that the deformations were stronger in 
the north-western than in the south-eastern districts. In  order to 
clear up that question, corresponding strata must be used for the 
comparison, or, in any case, the type of the rocks must be considered. 
I cannot state anything with certainty in this respect, but there are 
at any rate no conspicuous difference, and no continuous variation. 

2. Direct and Indirect Falding. 

When a flat-lying series of strata is affected by a horizontal 
force, the compression will result in a folding which successively 
is transmitted in the direction of the force. The folding axes are 
developed at right angles to the force, the folds are long and regular; 
and the folds Iie closely together, as a greater part of the force cannot 
be transmittet to the area below a fold until the fold has been closed 
and thus acts as a block. The axis plane of the eventual, unsymmetric 
folds will all dip the same way, against the direction of the force. 
Willis, B. & Willis, R. ( 1934, p. 94) c all this sort of fold ing d i r  e c t 
f o l d i n g. In d i r e ct fal d i n g  is due to a force couple acting in 
the horizontal plane, causing a rotational stress in the area. One 
diagonal in the shearing rhomb will be lengthened, the other shortened, 
the folds are developed at an angle of 45 o to the forces. The folds 
may be developed at any place in the area, thus being irregular and 
distributed unequally. 

A third case is the combined effect of direct and indirect 
folding. 
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The folds in 
the Tana district are 
practically always 
inclined. As all of 
the axis planes dip 
the same way, to
wards WNW or 
NW, a direct com
pression must have 
taken place. The 
inclination of the 
folds is due to a 
rotational stress in a 
vertical plane, pro
duced by the friction Fig. 45. Tectonic disconformity. SW of Duolbasgaissa. 

which rises because 
the deformation reaches only a certain depth in the series of strata. 

There are, however, good reasons for assuming that direct 
compression is not the only deforming force, but that the deformation 
in a rather greater degree is due to a couple of forces in the horizontal 
plane. Primarily, the irregularity of the folds must be pointed out. 
Very often a fold is at one place prominently developed, but some 
kilometres away along the trend it is rather inconsiderable, whilst 
the neighbouring fold exhibits the reverse condition, as may be seen 
on the map (Fig. 47). The marked folds of Stangenes-Vagge and 
of Tananes (at Gavesluft there occurs an overthrust-fold) are dying 
out SW of the Tana Mountain: farther towards SW marked folds 
again occur, laterally displaced in relation to the former. 

As to the tectonical conditions east of the Tana River, see p. 93. 

West of the head of the Tarmfjord the lower tillite is located 
at a leve! of at lest 100 m above the sea, and dips towards WNW, 
whilst east of the fjord it occurs along the shore; farther east, at 
Ookkales, portions of the older series Iie over the tillite. An inclined 
anticline bas evidently passed onto a thrust fault. Also a part of the 
tillite at Ookkales seems to belong to the overthrust, perhaps inverted, 
mass. This Tarmfjord anticline is, however, dying out towards the 
south; whilst the ordinary, though inclined anticline, which forms 
the ridge between the Tarmfjord and the Smalfjord, grows more 
acute and overturned towards the south. 
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A result of the rotational stress is an undulation of the falding 
axes which causes doming of the anticlines; the Njukcagaissa mountain 
presents a prominent example of such a dome. 

We find the most distinct signs of the presence of a rotational 
stress in the Cikkojok district, viz., the marked eastern strike of the 
falding axes near the sediment border. Holtedahl deals with this 
fact ( 1931, p. 276): 

" In the greater part of the area west of the Tana river the 
strike is N or NN E, turning, however, rather markedly in to a NE 
direction at the upper end of the fjord, -
- In sharp contrast to the northern or north-north-eastern direction 
mentioned above stand the ENE and E strike of the sedimentary 
beds near the area of crystalline rocks to the south. This eastern 
strike is, as emphasized in my paper of 19 18, naturally explained 
through the existence of the solid Archean block, towards which the 
folds have been pressed, like waves against a shore. This feature 
seems to be a further proof of the correctness of the assumption at 
which I arrived through studies of the stratigraphy, that there must 
have existed a Varangerfjord dislocation at a very remote time, previous 
to the Caledonian deformation." 

To this, I may add that in the Antebaktoaivve district, where 
the throw of the fault seems to have vanished, the strike of the 

folds is N 15-20 E. 
A force, which meets a p1ane at an oblique angle, exerts a 

pressure perpendicu1arly to the plane, and a1so produces a rotational 
stress. The folds are developed not perpendicularly to the original 
force, but in a direction so that the angle to the plane is lower. Under 
continuous influence the angle will grow still lower on account of 
the rotational stress. In a medium which offers a perfect resistance, 
the effect would be the same at a ny distance from the plane; but 
in our case the medium (the rocks) will give way by deformations, 
the effect being especially distinct near the border but decreasing 
northwards, although also there we must take the rotational stress 
into account. As the falding by rotational stress takes place at the 
same time all over the area, while by direct compression the falding 
proceeds successively, I think it probable that the rotational has been 
the dominant factor in the foundation of the folds (their distribution) 
whilst the compressive stress has otherwise been the cause of their 
character (the incline, the overturning). 
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The turning towards NE of the folds near the head of the 
Tanafjord, is a feature on a larger scale than the phenomena just 
mentioned, but probably also this fact has connection with the border 
of the Pre-Cambrian crystalline block. The main direction of the 

Caledonian mountain range is from Finnmark northwards to Spitz
bergen, thus the Varanger Peninsula must be regarded as an 
excrescence of the main range. The presence of the older tectonic 
line may perhaps be the cause for such an outgrowth towards east. 

Whatever the outermost reason may be, there is a causality 
between the change in the trend of the falding axes and rotational 
stress. The local effects of this stress are greater where the change is 
greatest, and the marked doming of the folds at the uppermost end of 
the Tanafjord must be closely connected with the turning of the axes. 

That the purely compressive stress has been active after the 
foundation of the direction of the folds seems also to emerge from 
the fact that the schistosity of the tillite on the outer part of the 
peninsulas between the Smalfjord and Vestertana has a more northern 
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strike than that of the folding axes. The schistosity cannot be first 
formed, as it has connection with overturning of the anticlines and 
thrust faults, things which must belong to the later stage of the 
developments of the folds. 

3. Vertical Planes of Dislocation. 

East of the midle part of the Tanafjor:d the trend of the zones 
is, taken as a whole, nearly towards the east, despite the fact that 
at detail ed observations the strike is found to be a bo ut N 45 o E. 
This W-E main direction appears from Lille Molvik and north
wards, it being very conspicuous in the Trollfjord district. Tectonical 
disturbances are also more frequent as we go northwards. The cause 
seems to be the existence of W-E shear planes and block-dislocations 
along these, successively towards the east as we go northwards. 

Such plan es of dislocation also occur west of the fjord; in the 
Stappogiedde district they appear on the map as a series of short 
rivers, running towards the east. On some of these I have demon
strated dislocations; to me, the movements seem to have been chiefly 
horizontal, along nearly vertical planes. 

Near Arasuolo, the northern block seems to have moved towards 
the east proportionate to the southern; whilst just north of Stappo
giedde the relative movement of the northern block is towards the 
west. The degree of size of the movement is 10 m. 

The same sort of W-E lines is als o observed in the district 
west of the head of Vestertana. On the map it may be seen that 
the rivers either run along the strike of the rocks, or fairly directly 
towards the east. Thus, Hareelven runs along a dislocation line, 
the northern block having moved towards the east, also at the deep 
river-cut at "420" (9 km north of Njukcagaissa). In these cases the 
degree of size seems to be 100 m. 

A distinct line of tectonic origin is seen across the ridge between 
Vestertana and the head of the Tarmfjord. 

Also in other parts of the Tana district very marked lines, run
ning W-E, are now and then seen, especially where the red and 
brown sandstone and shale make up the rock. They may be seen 
as precipitous stages, the surface being on one side a few metres 
higher than on the other, or they may appear as fissures, some 
few meters deep and broad. The outlet of the lake Snuollejavrre 
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(3 km SSE of the head of Vestertanafjord) has formerly been at 
the northern end, along a canyon directly towards the west, but 
now the drain takes place to SSW along the strike. In the district 
around the head of the Smalfjord, lines of the types are often 
observed. 

The W -E lines, which in some cases no doubt are due to 
planes of dislocation, might, perhaps, be explained as shear planes, 
which have come into existence by indirect falding. However, I think 
it is more possible that these lines, which are often visible several 
kilometres in length, and which cut both strong and weak zones of 
the strata, have been formed at a later time, as I suppose that they 
have connection with the thrust of the metamorphic rocks. These 
thrust movements seem to have taken place at a later stage in the 
orogenesis, after the actual folding. This will be more closely dealt 
with in the following chapter. 

4. The Metamorphic Rocks. 

These rocks are separated from the unaltered strata by a thrust 
plane, which is usually very distinctly seen as a line on the mountain 
sides (Pl. I, Fig. 2). The front of the metamorphic rocks is rather 
conspicuous; it forms a steep, the height of which may vary from a few 
metres to real mountain sides. On account of their metamorphic 
character, the rocks are easily distinguished from the unaltered. The 
rocks are mostly dark grey or greyish green mica schists and felspar
bearing sandstones, looking in a number of cases rather gneissose. 

Broadly speaking, they seem to be originally of about the same types as 
those in the unaltered strata, though they seem to be of coarser grain 
and richer in felspar than the latter. Now and then layers are seen 
which contain felspar and quartz, of size like peas. Real conglo
merates als o occur; in the district NE of Vaddasbakte, all the rock 
consists of a dark, pressed conglomerate, with the rock fragments 
lenticularly ro lied out. The fragments are of different kinds: green 
flne-grained rock, granite, gneiss, quartzitic sandstone. The matrix 
is dark greenish, the minerals are somewhat crushed. 

Conglomerate of the same kind, though the matrix is there not 
so crushed, occurs south of the head of the !fjord. The smallest 
diameter of the stones is on an average a third of the !argest one, 
which is up to 20 cm. At the head of the !fjord, I also observed 
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Fig. 48. Pressed conglomerate, NE of Vaddasbakte. 

a light-coloured conglomerate, the pebbles of which were very 
strongly flattened. 

Reusch ( 1923) mentions from the Landersfjord a dark and a 
light conglomerate in connection with Pre-Cambrian granite; Th. Vogt 
(19 19) mentions dark and light cong1omerate from the Laksefjord 
without localizing it more exactly; he considers the conglomerate to 
be the basal beds of the sedimentary rocks in that area. 

Pl. I, Fig. l shows the top of Vaddasbakte from east. 
The rocks are greyish-green, gneissy, and cataclastic; in thin section, 
we observe crushed fragments of quartz, plagioclase and epidote. 
A specimen of a somewhat less cataclastic rock seems to be an 
original plutonic rock, it consists of quartz, plagioclase (polygonally 
bordered), yellowish-green amphibole, epidote; a little zirkon, and in 
fissures also carbonate and chlorite. Before the very front there 
also occur portions of a black rock, which consists of fibrous ser
pentine with some epidote and iron-ore (probably ilmenite). The 
same sort of rock also occurs o ne place nearer to the Ifjord valle y, 
viz. NE of Gozavarre, at the base of the metamorphic rocks. 

The dip of the thrust plane varies; in the environment of the 
Ifjord valley, the dip is about lOe, at the place where the border 
crosses the Langfjord valley it is about 15 °, and, south of the Lang-
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fjord, about 30°. Near the 
border the metamorphic 
rocks are not folded, the 
stratification (where such 
may be seen, e. g. in the 
I fjord valley) is parallel to 
the schistosity, or forms a 
very acute angle to it. 

A distinct striation on 
the planes of schistosity 
shows the direction of the 
movement of the metamor
phic rocks. Between Vaddas
bakte and a place about 
l O km WSW of the head 
of the Langfjord, the thrust 
has proceeded towards 
S 45° -50° E, but farther 
along the Langf)ord the 
direction is S 30°-40° E. 
Consequently, the corner 
of the border, WSW of 

Fig. 49. Pressed conglomerate at the head 
of the !fjord. 

the head of the Langfjord, is not an occasional result of erosion. 
A problem presents itself: are the thrusting of the meta

morphic and the folding of the unaltered rocks contemporaneous? 
In my opinion they are not; the falding seems to be prior to the 
thrusting. 

Firstly, the thrusting has not affected the underlying rocks very 
much. Certainly, close to the thrust plane the strata are strongly 
disturbed and the rocks are crushed, but only a few metres off no 
effect is seen. 

Secondly, the trend of the falding axes in the district between 
Vaddasbakte and the Langfjord is N, in part, a few degrees west of 
north; the fold ing cannot be due to a force, the direction of which 
was S 45°-50° E, this would cause a trend more or less W-E. 
From Porsanger, Holtedahl ( 19 18, p. 28 1) has observed the 
same case. 

Along the Langfjord the trend of the folds is parallel to the 
border of the metamorphic rocks, about N 40°-45 o E, and per-
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Fig. 50. Metamorphosed arkose, head of the Langfjord. 
The section has been cut at right angles to the greatest strain axis. 

Grains of quartz and feis par are seen. 1/z x. 

L. Monsen phot. 

pendicular to the direction of the thrust. The fo1ds might in this 
case perhaps be due to the movement, but more probably the agree
ment is in a degree occasional; in both ca ses, a turning of the trend 
has taken place, which must be due to greater features of the Cale
donian mountain range. 

It is, however, probable that the pressure which caused the 
overthrust has left certain traces also in the area of the unaltered 
rocks. Thus, I think the west-east dislocation lines may have con
nection with it. A force from NW will try to develop two sets of 
shear planes, one set with the direction N-S, and one W- E; but 
assuming a solid block to the south, only the W- E lines will develop, 
as dislocations in the direction N-S cannot take place. On account 
of this block also a rotational stress will come into existence, also 
by this stress the W-E shear planes will develop more strongly 
than the N-S planes, as the last-named are rotated out of the plane 
of maximum shear. (Willis, B. and Willis, R., 1934, p. 133.) 

Holtedahl has informed me that north of the Langfjord, in the 
metamorphic complex, he observed tectonic lines running W- E. 
The thrusting force will affect the thrust masses as well as the rocks 
in front of them, thus these lines may very well belong to the same 
system as that just described. The presence of such lines both in 
the metamorphic and in the unaltered rocks is rather an indication 
that those in the unaltered rocks are not formed by the falding. 
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What I have now put forward, must 
be regarded as reasons in support of the 
view that the W-E runn ing lines m a y 
have been developed in connection with 
the thrusting of the metamorphic masses. 
No proof that they are not younger is, 
however, at hand. 

5. The Main Thrust Plane, and the Origin 

of the Metamorphic Rocks. 

It is worth noting, that the metamor
phic rocks are not folded near the thrust 
plane, but further off they are fo1ded. 
On the north side of the Langfjord, they 
Iie in gentle undulations, farther north, 

Fig. 51. Thin section from the 
specimen Fig. 50,· cut para!
! el to the greatest strain axis. 
Ni c. :f. 9 x. j. F. Stad heim p hot. 

the intensity of the fo1ding increases, and on the Nordkyn Peninsula, 
the strata are strongly folded. According to Holtedahl ( 19 18, p. 28 1, 
and 193 1, p. 276), the trend of the fold ing axes is N about 30° E. 

We thus have the following phenomenon: The unaltered strata 
below the thrust plane are fold ed with the trend of the axes N N  E 
or NE, 1ikewise, the metamorphic rocks some distance north of the 
border, but not near the thrust plane. The conditions are explained 
by assuming that the intensity of the folding has decreased towards 
the depth, and that the main thrust plane has been form ed b e  l o w 
the folded part of the strata - quite naturally, as the solidity of a 

series of strata is increased by the folding. 
Several factors suggest that when going towards east between 

Vaddasbakte- Berlevåg, we meet even younger beds. The degree of 
metamorphism seems to decrease in this direction, as far as I can 
judge it in the field, but this, however, is no good foundation for 
interpretation owing to different susceptibility of rocks to meta

morphism. More important is the fact that the rocks NE of Vaddas
bakte seem to originate from the basal part of the sedimentary 
formation, and that the top of Vaddasbakte seems to be a thrust 
mass of Pre-Cambrian rock. In my opinion, there can be only little 
doubt that the dark-coloured, pressed conglomerate is the same as 
that observed by H. Reusch and Th. Vogt in connection with Pre-
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Cambrian granite, and which was considered to be the basal con
glomerate of the sedimentary rocks in the Laksefjord district. 

I have previously mentioned that the dip of the thrust plane 
increases from the !fjord valley towards NE. ( Most southerly, 
on the Vaddasbakte mountain, however, it seems to be com
paratively steep, 20a a 30°. I have made no exact measurement 
there. ) 

Holtedahl ( 19 18, p. 279) calls attention to the fact that in the 
Berlevåg district no distinct border between the unmetamorphic and 
the metamorphic rocks can be seen, but only a zone of transition; 
moreover, the dip of the phyllite-quartzite strata is steep, whilst in 
the other border-districts the metamorphic rocks have small angles 
of dip. The metamorphic rocks in the Berlevåg district are apparently 
coherent with the unmetamorphic. Probably, no considerable thrust 
has taken place there, but mainly a crowding. Such a compression, 
perhaps, causes greater disturbances in the neighbouring unmeta
morphic rocks than a thrust along a nearly horizontal plane would 
have done; at all events, the tectonic disturbances in the district 
Trollfjord-Store Molvik are far greater than those seen at the 
border farther towards SW. 

It is, however, rather natura! that the dip of the thrust plane 
is steeper at the higher levels of a formation, as a horizontal thrust 
plane will usually cut upwards because the !east resistance is made 
from above. Theoretically the angle between the thrust plane and 
the horizontal plane will be 45 °. 

Th. Vogt ( 1929) has given a very brief account of his investig
ations in the Laksefjord district. According to him, the tectonical 
conditions at the Pre-Cambrian window at the upper part of the 
fjord are very interesting. The granite is divided into five various 
masses at !east, thrust one over the other, and separated by younger 
sediments. 

It may be questionable whether in this area Pre-Cambrian rocks 
can be found, which have not moved at all but, probably, most of 
them have not been displaced any Iong distance. According to Reusch 
and Vogt, the sedimentary rocks are nearly unaltered, though tec
tonial disturbances are abundant. Vogt uses the term Porsanger 
sandstone, and he says, without specifying the Iocalities, that the 
metamorphic series Iies discordantly on folded Porsanger sandstone, 
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separated from this by a thrust plane. The degree of metamorphism 
can be traced through the chlorite-stage and the garnet-stage, to 
facies containing garnet and amphibole, the !east metamorphic rocks 
near the upper end of the fjord. I suppose that these observations 
have been made on the west side of the fjord. It would be interest
ing to know at which locality the border of metamorphic rocks 
reaches the fjord, in view of the correspondence to the border east 
of the fjord. As the direction of the border SE of the fjord is 
towards SW, there is in the Laksefjord district evidently a break, 
or, at any rate, a marked turning of the trend of this border. The 
thrust plane west of the fjord is most probably different from that 
east of the fjord, and the rocks above them belong to different 
sheets. If it is correct that the rocks at Vaddasbakte are Pre-Cam
brian crystalline or at any rate that the conglomerate NE of Vaddas
bakte corresponds to that from Landersfjord, then we may approx
imately state the maximum of the thrust of the Vaddasbakte sheet, 
the distance between Landersfjord and Vaddasbakte being about 
IS km. 

As to the age problem of the metamorphic rocks of Finnmark, 
Holtedahl's find in 1933 of tillite at the Kamøyfjord near North 
Cape is very important. The rock is somewhat metamorphic, but 
the tillite character is beyond doubt. It Iies i a complex of meta
morphic sediments with intrusions of granite. 

Broadly speaking, we can say that the metamorphic sediments 
of Finnmark belong to the Eo-Cambrian series. Regarding the rocks 
of the Nordkyn Peninsula, we find rocks about similar to those in 
the Tana district, viz., quartzites, and dark, now phyllitic, arenaceous 
shales. 

As regards the age of the deepest strata at the upper end of 
the Laksefjord, I would not omit to point out the similarity between 
the dark conglomerate and conglomerates in the Raipas series, which 
I have had an opportunity of seeing in the Repparfjord, near Hammer
fest. However, the similarity between two conglomerates does not 
state very much, beyond saying that the material has derived from 
similar rock types, and that the geologic conditions were similar. 
The matrix of the Ifjord conglomerate is dark, zoisite-epidote and 
chlorite is abundant, the material having apparently derived from 
basic rocks. 
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VI. Autochthonic Eruptives. 

One occurrence of an autochthonic eruptive rocks has been 
found in the area investigated by me. About 2 km NE of the outlet 
of the Kistedal river, on the shore line, l found outcrops of a fine
grained, dark, gabbro. The minerals are: plagioclase, pyroxene, and 
iron-ore, further, apatite, a little quartz, and secondary hornblende. 
Plagioclase is zoned, core about 65 An, rim 40 An and less. 

The crags were surrounded by grave! or water, l did not see 
the rock cut the sedimentary rocks (the fossiliferous stagel. 

O. Holtedahl has told me that in the metamorphic area north of 
the Langfjord he found in 1933 a dyke of a diabase or gabbroid rock. 

According to Holtedahl ( 1918) dykes of dia bases are common 
on the north side of the Varanger Peninsula. 
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Plate l. 

Fig. I. The front of the metamorphosed rocks. The Vaddasbakte 

mountain, seen from the east. 

,. 2. The thrust plane, with north-western dip, is seen in the 

mountai n side. Between Vaddasbakte and Gozavarre. 

3. To the left the point of the Digermul Peninsula and the Diger

mulda! valley, seen from the Langfjord. Phot. O. Holtedahl. 
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Plate 2. 

Fig. l. Thin-bedded sandstone with Lingulella. Boksjokka. (Text, 

p. 108.) Nat. size. Phot. L. Monsen. 

• 2. Thin-bedded sandstone with Lingulella and Billingsella. Bok

sjokka. (Text, p. 108.) Nat. size. Phot. L. Monsen. 
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Plate 3. 

Fig. l. Sandstone with "problematic trails". Duolbasgaissa. (Text, 

p. 106.) 1/z x .  Phot. L. Monsen. 

» 2. Boulder from the lower tillite. Dolomite with stromatolites. 

Gapperas. 1/z x. Phot. L. Monsen. 
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Plate 4. 

Fig. l. This banded, red-violet and yellowish, mudstone occurs in 

the lower tillite west of the Tarmfjord. (Loe. No. 9, text p. 97.) 

1/z x. Phot. L. Monsen. 

• 2. Red-coloured, banded shale, with a gneiss pebble in the 

lower, right, corner. From the lower part of the lower tillite, 

west of the Tarmfjord. 1/z x. Phot. L. Monsen. 
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Sven Føyn: The Eo-Cambrian Series of the Tana district. 
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