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Introduction.

I

n

the \vriter published a paper "Bidrag til Finmarkens Geologi''

1918

giving the results of investigations carried out during the summers

1914

1917

in various

districts

area of continental Europe.

of Finmarken, the most northern

Two districts, viz. the Alten district in

the west, and the area at the upper end of the Varanger Fjord in the
east, were studied in some detail and geological maps on a scale

l

l

:

00 000,

prepared 1.

In various other areas, as in the Porsanger

and Tana districts and on the north coast of the Varanger Peninsula,
more scattered observations were made.
On the basis of these studies

the rock underground of Fin-

marken2 was divided into the following main groups3:
A.

Pre-Cambrian basement rocks.

B.

Hyolithus zone, of Lower Cambrian age.

C.

Do1omite-bearing sandstone division (in which is included

the Raipas series of T. DAHLL, as far as the Alten area is concerned).
D.

Tillite-bearing sandstone division.

E.

Metamorphic complex (including igneous rocks of the Cale

donian mountain
B, C, or

D,

range),

to the south-east overlying the divisions

with thrust contact.

In the non-metamorphic rocks,
the Porsanger area,
l

S.

E. of this contact, I found, in

the following stratigraphical

sequence:

Pre-

They are published on a scale l : 200 000.

z

Concerning previous views on the geology of Finmarken and the age of the rocks

3

Compare, besides the paper mentioned, an article published in The American

l may refer to the first chapter of my paper of 19 18.
journal of Science (HOL TE DAHL 1919, A).
Norsk geo!. tidsskr. XI.

16

242

OLAF HOL TE DAHL

Cambrian basement, Hyolithus series, Porsanger sandstone with, on
top, Porsanger dolomite, these two members being supposed to be
the oldest of division C (the dolomite-bearing sandstone division). In
the Porsanger dolomite, as to some extent also in dolomite (or lime
stone) in other areas of Finmarken, stromatolitic (Cryptozoon- and
Gymnosolen-) structures, oolitic or oolitoid structures, as well as
intraformational conglomerates were commonly observed, but no fossils
d ating the rocks with certainty. On account, however, of the circum
stance that the Porsanger dolomite (and sandstone) were found to Iie
above a great thickness of practically flat-ly ing Lower Cambrian beds
and below the well marked Caledonian thrust plane it was regarded
as a series of Cambro-Silurian age. Furthermore, the existence, in
various North Atlantic-Arctic regions, of massive dolomite-Jimestone
series of great thickness, sometimes with ty pical stromatolitic and
oolitic structures, intraformational conglomerates etc., series which
either carried Lower Ordovician fossils (Appalachian area, N W. Scot
land) or occurred more or less closely connected with strata of
Lower Ordovician or supposed Lower Ordovician age (Ellesmere
land, East Greenland), made it to me a probable conclusion that the
dolomite-bearing division of Finmarken was of a similar age.
As to the tillite-bearing sandstone division of Finmarken, ly ing
above the dolomite-bearing division in the Alten and Varanger district,
it was, by the w rite r, su ppo sed to be presu m a bl y of Middle o r U pper
Ordovician age, possibly an equivalent to certain conglomerate beds
in the Trondhjem area, or to the very coarse Kirkland and Benan
conglomerates known from the Girvan area of Scotland. The circum
stance, indicated by the conditions found in the Varanger district,
that the formation of the tillites must have been preceded by an im
portant relative uplift of the area south of the present Varanger
Fjord, tended to make the assumption of an Ordovician glaciation
less remarkable, since local high relief conditions might be as
sumed to be, to a large degree, responsible for the formation of
glacier-ice.
The assumption of the dolomite-bearing division of Finmarken
as being of basal and lower Ordovician age was supported by the
\Vriter's investigation of the Heclahook Series of Bear Island 1918,
which resulted in the flnd of Lower Ordovician (Canadian) fossils
in the massive dolomite series lying below the Middle Ordovician
Tetradium Jimestone, while a dolomite ly ing still lower proved to be
_
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astonishingly like the Porsanger dolomite in general characters, car
rying also stromatolitic structures etc. (HOLTEDAHL, 1919, B, p. 13 4).
I might further mention that in the summer of 1921 N . N .
Y AKOVLEV visited first the is1and of Ki1din, off the Kola Peninsula,
and known to be made up of sedimentary rocks, no doubt belonging
to the Finmarken "sandstone-formations" (inter alia with stroma
tolitic dolomites) and later Bear Island. Y AKOVLEV was struck by the
likeness of the sedimentary series of the two areas and writes (Y A
K OVLEV 1921, p. 81): "Il en resulte que les formations sedimentaire
de !'ile Kildine appartiennent au silurien inferieur".
In 1922 TH. VoGT (see bibliography p. 27 9) published a paper
dealing with the stratigraphy and tectonics of the northern part of
the Scandinavian mountain range, his discovery of Ordovician fossils
in the Sulitelma district giving him a base for determinations of the
age of certain rock series. As VoGT emphasizes (p. 732), his table
of correlation (p. 731) supports in its main features the view of the
present writer concerning the age of the Finmarken formations.
In the years 1919 and 1920 the v.Titer carried out investigations
in the sparagmite area of central southern N orway. He found that
a conglomerate, lying on top of the "red sparagmite'' (which again
overlies a thick zone with limestone rocks), had both in the south
western and eastern part of the area a tillite-like, unassorted cha
racter. Distinct striæ were not found, which does not, however,
necessarily mean that striæ have not existed, because the rocks have
been subject to a good deal of pressure which has often resulted in
the surface of the boulders being more or less slickensided etc.
The conglomerate is in general character quite like the brown tillites
of Finmarken (Cp. e. g. HoLTEDAHL, 1922, p. 169). N ot only is the
petrological character a corresponding one, but also the mode of
occurrence in so far as the tillite-like conglomerate of the sparagmite
area must have been deposited at a time subsequent to important
dislocations, probably a block faulting, causing the denudation of
older beds (among others of the said limestone series) and the rede·
position of parts of this material in the tillite-like conglomerate
occurring in the relatively sunken area. During a discussion in the
Geological Society at Stockholm, in 1921, following the reading of a
paper by the present writer on the Engerdal district of the sparag
mite area, this similarity was emphasized by N . ZENZEN (who, cp. 1916,
p. 199, on the basis of studies in the extreme west of Finmarken and
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Somewhat simplified sections along the west and east side of the Laksell·
Hyolithus zone, Porsanger sandstone. We notice the characteristic deforthe north(west) at one place interrupted

the adjacent Kvænangen area in 1914 had reached the conclusion
that at any rate the Raipas series was of Pre-Cambrian age) and also
by the writerl.
Concerning more recent information on the rock formations of
Finmarken I might mention that in 1923 there appeared a paper by
H. REUSCH, giving a number of observations from the Laksefjord
area and in 1929 TH. VoGT published a short preliminary report on
his investigations in the same district during the summer of 1927. The
age problem of these dimentary rocks met with has not been dealt with
in the said papers. In a paper of 1928 dealing with the orogenetic
history of the Norwegian mountain range, TH. VoGT did not express
any definite opinion conc~rning the age of the unconformity between
the Raipas series of the Alten area and the tillite-bearing series lying
above it. He states that there are circumstances speaking in favour of
the opinion of the present writer (that the unconformity is of Ordovician
age), yet also circumstances pointing towards a greater age.
As in any case new investigations, particularly on the geologica
relation between the sandstone-formations of Finmarken and the only
fossiliferous series of the region, the Hyolithus zone, were highly
needed, I undertook during the summer of 1929 a journey to the
north 2 , the main objects of my investigations be ing:
l. To try to clear up the relation between the Hyolithus-zone
and the Porsanger sandstone lying above it, conditions previously
noticed near the head of the Porsanger Fjord possibly indicating a
1

GeoL Foren. Stockh. Forh. 1921, p. 81--83.
The necessary financial support for the investigations, on which I was accompanied by stud. reaL M. MARTHINUSSE;'>;, was granted by the Nansen and the
Sulitjelma funds.
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Valley (Cp. rna p Fig. 2). The sequence is from below: Pre-Cambrian basement,
mation of the sub-Cambrian peneplane, with the slight inclination towards
by a dip in the opposite direction.

local squeezing out of the Hyolithus zone (HoLTEDAHL, 1918, p. 220)
and consequently tectonic movements of some importance.
2. To try to make out the relation of the Hyolithus zone in
the area south of the Lakse Fjord and the tillite-bearing series known
to occur further east.
Below, then, follows a brief statement of my observations, made
during four, unfortunately exceedingly rainy weeks.

Observations in the area just south
of the Porsanger Fjord.
Whilst during my earlier visits there, in 1915 and 1917, practically nothing of the area that particularly interested me was topo
graphically mapped, the whole of the area has now been surveyed.
Yet an area of considerable extent was not surveyed until the summer
of my visit, leaving me, during my stay there, with only the old
general maps which give no reliable details at all.
I had previously mainly studied the southern mointains of that
area: Vuollanjunne and Gaggagaissa ·(and Vuorjegaissa farther west),
and I had no detailed observations on the character of the Hyolithus
zone in the more northern distncts, where consequently in the map.
pl. XXI, or section, pl. XX, Il, of my paper of 1918 I have left a
space between the Pre-Cambrian and the Porsanger sandstone white,
without any designation of the character of the rock. From the
special map, l. c. p. 135, it was evident that the two groups mentioned
must in that area come very close to each other, giving very little
room for anything between.
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Concerning the conditions found in 1929 the map Fig. 2 and the
general sections Fig. l bring out various important points:
l . The sub-Cambrian surface doe s not show for the whole area
a regular inclination towards the N W as was previously believed
to be the case, but for some distance a south-eastern dip.
2. While the thickness of the Hy olithus series south-east of
this anticlinal part of the section is very considerable, 23 0 m and
more, it is to the north-west highly reduced, 50 60 m or still less.
3 . As was distinctly seen on the west side of the valley the
inclination of the strata of the Hyolithus series follows the surface
of the Pre-Cambrian basement, which means that the anticlinal de
formation took place a f t e r the deposition of the Cambrian strata
and therefore cannot he explained as a Pre-Cambrian fe ature. The
very sudden thinning out of the Hy olithus zone towards the north
is therefore a secondary feature, of t e c t o n i c a l origin. The beds have
evident!y to the north(-west) been strongly exposed to tectonic forces
while to the south(-east) the strata have been protected by the elevated
mass of basement rock rising to the north-west of them.
I will then quite shortly mention a few more detaile d ob
servations.
Concerning the Pre-Cambrian basement rocks no particular in
vestigations have been made. The most commonly occurring ones
are hornblende-schists and greenstones of a more massive character.
Cry stalline dolomite occur (in small
and further light
coloured quartzites (generally micaceous rocks) which in places occur
in relatively broad zones. They were observed in a field south of the
eastern branch of the Porsanger Fjord, 3 5 km from the sea, the
strike curving from SE to EN E at the eastern side of the valley ,
and further below the Hy olithus zone west of Nedrevann where
they show gently folded strata in the mountain side (cp. PI.
Fig. 1).
As to the geological structure of the masses ly ing above the
cry stalline basement Fig. 3 shows that in the northern part of the
area there is in places nearly nothing left of the Hy olithus zone
shales. the folded, light coloured Porsanger sandstone in this locality
occurring, to the left, only a few meters above the undeformed basal
conglomerate-sandstone zone which there has a thickness of about
l O m. The (chocolate coloured and greenish) shale seen to the right
is strongly folded.

Fig. 2.

The Lakselv Valley. J

Outcrop of the

5 km-.

=

jortgastatgaissa, Sko� Skoganvarre, C= caskelvarre.

Hyolithus zone on both sides of the valley marked by horizontal

shading. The anticline of Pre-Cambrian rocks crossing the valley from SW to NE
(cut through by the Brennelv River) is well seen.

Contour intervals 30 m.
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Ne ar the mouth of the Bre nne lv Rive r we have to the north light
coloure d, more or le ss folde d sandstone s (of various type s) which at
one place (just e ast of the road) was se e n to re st, e vide ntly with thrust
contact, upon highly broke n shale like that me ntione d above , while
just to the south, at the rive r, Pre -Cambrian crystalline rocks occur.
Pl. I, Fig l shows the mountain side we st of the northe rn
part of N e drevann with the unde forme d basal conglome rate -sandstone
me mbe r of the Hyolithus zone re sting unconformably on the Pre 
Cambrian and in PI. I, Fig. 2 a de tail of the contact can be se e n.
The conglome rate is ge ne rally a quartz conglome rate with pe bble s
Porsa.n'3er Sa.n.d.ston.e
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Detail from the lower part of the mountain side on the

east side of the Lakselv Valley, about 5 km from the sea. Thick
ness of basal conglomerate-sandstone horizon of the
Hyolithus zone about lO m.

that ofte n are not ve ry we ll rounde d, of nut or walnut size . The
rock im mediately below the contact is, at any rate in places, of a
somewhat de compose d, not fre sh, characte r; ye t this may be due to
surface we athe ring in Quate rnary time . In the usually highly debris
cove re d ste e p slope above the basal conglome rate -sandstone horizon
the re crops out he re and the re shale of the Hyolithus zone type .
In the uppe r part it is strongly folde d. 5 0 60 m above the Pre 
Cambrian base me nt come s the n a more compact mass (Pl. Il, fig. 1),
with a ge nerally we ll-marke d, e ve n, lowe r boundary plane , paralle l to
the sub-Cambrian base . In places, howe ve r, the boundary line, as
se e n in de tail, has a le ss e ve n and re gular characte r. The rock just
above this line is mostly of a quartzitic or e ve n flinty characte r,
hard, ye t e asily bre aking into angular pie ce s. We are de aling with a
rock te lling of te ctonical move me nts. Highe r we find a more typical
sandstone , of the Porsange r sandstone type , the be dding in this
mountain side be ing rathe r flat.
Fig. 4 shows the mountain side we st of the southe rn part of
Ne dre vann, the sub-Cambrian surface sloping ve ry marke dly towards
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the south, the beds of the Hyolithus zone having the same inclina
tion. I climbe d the mountain side at a place (at about the southern
end of the sec tion, fig. 4) whe re the fair! y flat-lying Pre -Cambrian
micace ous quartzite s we re unconformably ove rlaid (at about 3 5 0 m
above se a le ve !) by the basal conglome rate of the Hyolithus zone ,
the visible thickne ss of the conglome rate at this place be ing J3!4 m.
The boundary betwee n the Hyolithus zone rocks and the Pors
ange r sandstone with its quartzitic basal part was found at 5 8 5 m giving
23 5 m for the Hyolithus zone , which is ne arly the same thickne ss
as that found in the southe rn gaissas. Not much of solid rock is se e n
s
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Fig. 4.

The mountain side (facing the

.
?

Lakselv Valley) of the northern part of

Stuorra�ok Mt. We notice the southern (south-eastern) dip of the sub-Cambrian
surface and of the strata of the Hyolithus zone.

In the foreground

roches moutonnees.

in the slope; yet the inclination of the strata is distinctly marked by
some sand stone be ds. In a sandstone zone (about lO m thick) me t
with at about 440 m I obse rve d a numbe r of quite small ve rtical
d islocations, with a constant d own-faulting of the mass to the south
of the fault line . Some falding of the be ds of the Hyolithus zone
was se e n in the uppermost part of the se ction only.
On the northern wall of the cirque -like valle y cutting into the
mountain side south of Stuorracok I obse rve d, from some d istance ,
the structure shown in Fig. 5 , with a marke dly unconformable con
tact, no doubt of tectonical origin, be tween the Hyolithus zone and
the Porsanger sands tone Iying above it.
During the summer of 1929 I visited Vuollanjunne , one of the
southern gaissas, where during my former work in Finmarke n I had
found (1918, p. 129) a Hyolithus zone se ries (with in one horizon some
specimens of Platysolenites antiquissimus EICHW.) about 240 m
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thick, overlaid by the some what folde d. light coloured Porsanger
The photograph, Pl. Il, Fig. 2, taken in 1929, shows the
re gular sequence of the Hyolithus zone beds: first a shale horizon
about 60 m thick, (re sting on the basal conglomerate horizon which
probably to a large e xtent exists be low the moraine cover of the plain
of the fore ground). the n a sandstone horizon at !east JO m thick,
again principally shale , y et with many more of sandstone
be ds (e specially in the upper part) than the lower shale horizon,
about 120 m, farther a se cond, more massive sandstone horizon 1 at
E

w

Hyolil-hus zone.
·

Fig. 5.

Section seen (at some

cirque-like valley south

of

distance) in the north western side of the small
Stuorra�ok

(Cp.

character of the contact Hyolithus zone

-�

map,

Fig. 2).

The thrust-plane

Porsanger sandstone is here

exceptionally w ell marked.

!e ast 15 m, finally a third horizon with principally shale . As mentioned
in my paper of 1918 (p. 13 1) the se uppe r shaly be ds show some
te ctonical disturbance and slickensides. I did not se e any contact
be tween the Hyolithus zone rocks and the more compact mass above
but to judge from the rock e xposure s seen, there is betwe e n the
two a more or le ss horizontal boundary plane. As was also emphasized
by me in my forme r re port the Porsanger sandstone is considerably
folded; the strike is NNE with dip mainly WNW. The light coloured
sandstone commonly shows a very ty pical sandstone character, some
times, on we athe re d surface, with the be autifully rounded quartz grains
showing ve ry distinctly (Fig. 6). A fact, howe ver, of which I in 1917
was not particularly aware, was that this sandstone rock in the basal
part looks distinctly more quartzitic, and is cut by a huge number of very
thin quartz veins, the rock breaking into very sharp angular pieces.
' In my paper of 1918, p. 131, line 7 from above, read 620 instead of 670.
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The last mentioned fact, however, may be explained through
an increase of the thickness of the Hyolithus zone towards the north
east (cp. also 19 18, p.
Following upon the 6 m thick, rather compact sandstone horizon
mentioned (which is the highest horizon seen in the well-marked
river cut) come arenaceous sha1es of a few meters thickness and then
well bedded sandstone (intercalated with mostly very thin layers of
yellowish shale) of a quite considerable thickness further up the
mountain side which is now not so steep any longer. The last men
tioned horizon (which shows slightly fo1ded strata) is characterized by
the occurrence of the most beautiful ripple-marks of sometimes very
great amplitude, and also by irregular mud-cracks. Similar beds had
been previously noticed by the writer in the peninsu1a at the upper
end of the Porsanger Fjord, occurring there above the thin zone of
more or less crushed Hyolithus zone shale, and therefore thought
to belong to the Porsanger sandstone series and at my visit in
Halkkavarre, which took place one of the first days of my
stay in the Porsanger area in 1929, I felt convinced that we had
at this locality the Porsanger sandstone series lying normally
above the Hyolithus zone. Because of this fact and less good
exposures higher up I did not ascend further. J udging, however,
from the Vuollanjunne section it seems to be evident that the real
upper boundary plane of the Hyolithus zone Iies somewhat higher
and probably a thrust contact exists there. Further investigations
are wanted.
As a matter of fact, considering the features of the general sec
tions Fig. l, there meets us a particular difficulty if we try to assume the
Porsanger sandstone series lying normally on the lower series in the
south-eastern part of the area, viz. this: where is then the great quan
tity of Hyolithus zone rock that necessarily has been removed from
the area further north (or north-west)? Now it is no improbable
assumption that to some extent parts of the (upper portion of
H yolithus zone rocks, e. g. sandstone masses, have, during the move
ment towards the SE, been incorporated in the thrust mass; the basal
part of the thrust mass may to some extent represent mylonitic rocks
of Hyolithus zone age; however, no great part of the said zone,
which mainly consists of shales, can well be present in the thrust
complex as sandstone is there by far the dominating rock, even in
the lover part.
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In the valley east of Gaggagaissa Pre-Cambrian rocks, hornblende
schists, are exposed. The schists Iie here rather horizontal and might,
when seen at a distance, be thought to represent the basal part of
the Hyolithus zone. In the eastern slope of Gaggagaissa, east of the
northern top of the
the basal conglomerate of the Hyolithus
zone was noticed, at about 420 m. I walked from here up the
slope towards the south-west, where here and there the strata of the
Hyolithus zone was seen. At about 730 m the typical light coloured
Porsanger sandstone (commonly containing kaolinized feldspar grains)
was met with, from this height occurring, more or less exposed, to
the central summit of the mountain mass (830 m
south of the name
Gaggagaissa in the map Fig. 2).
In my paper of 19 18 ( p. 132) some observations from the western
side of Gaggagaissa are published. I mention there that both the
Porsanger sandstone and the uppermost part of the Hyolithus zone are
distinctly folded. In 1929 I passed below the mountain on this, the
western side. In some, nearly vertical walls in the upper part of the
mountain, a sharp contact between the two divisions could be distinctly
seen, the contact having the character of an even and regular boun
dary plane, with a very slight dip, parallel to that of the unfolded strata
of the Hyolithus zone, the plane thus being not conformable with
the beds immediately lying below and above it. Evidently we are
also in this locality dealing with a thrust-plane.

Observations in the area south of the
Lakse and Tana fjord.

again visited Rastigaissa, the highest mountain of Eastern Fin
marken, mentioned in my paper of 19 18, p. 206. There is now a
topographical map (l : l 00_000) of this area embracing the actual sum
mit of the mountain and the southern slope ( and the district further
south) , but not the northern slopes. The height of the Sub-Cambrian
peneplane at the southern and south-eastern slope is 720 750 m.
The basal conglomerate-sandstone member of the Hyolithus zone con
sists to a large extent of a very dark, medium- or coarse-grained
sandstone ( Pl. IV, Fig.
with white spots of de composed feldspar.

~

c=J

•

Tillite} bearing
di vision .

Flg. 8. Map of the are as dealt with in the present pa per. Vertical shading: tillite-beari ng division in general. ~

Pre· Cambrian crystalline rocks.

Hyolithus zone.

Light coloured sandstone,
in \'V . Porsanger sandstone.

~ Porsanger dolomite .

Greenish shale.
Shale and sandstone with Mortensnes tillite.
Sandstone with Bigganjargga tillite.

Metamorphic sediments of the Caledonian zone of'

~ deformation.
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The southern slopes of the mountain are mostly covered by de
bris of the light-coloured Porsanger sandstones, which evidently make
up the greater part of the mountain, and very Iittle is seen of the
Hyolithus shales. Yet in places accumulations of broken pieces of
green and chocolate-coloured soft shales are seen in the lowest part
of the slope, not, however, in solid rock. An exposure of the Hyo
lithus shale in this district was previously mentioned by me from the
north side of the mountain, at about 700 m.
As can be well seen in the north-eastern side of the mountain
to the south-west, Gæidnogaissa, the sub-Cambrian peneplane has in
this area a rather well-marked dip towards the NW, about 5°.
Because of the covering of debris we cannot obtain any exact idea
of the thicknesg of the Hyolithus zone in Rastigaissa. There can be
little doubt, however, that it is far less than in the southern Gaissas
mentioned above. The conditions may be more like those seen in the
more northerly part of the sections along the Lakselv Valley.
From Rastigaissa north-eastwards along the south-eastern border
of the sedimentary rocks ( Pl. IV, Fig. l) there are no topographic
maps for a distance of more than 30 km, and I have not therefore
made any further investigations in this area, which I passed on a trip
in 1917 (cp. my paper, p. 205). However, from the western part of
the Polmak map sheet area, the western margin of which crosses the
eastern part of the Antebaktoaivve Mt. ("A" north of the Lavsejok
in the map Fig. 8) I made an excursion as far west as the Adams
jok (the river running S N just east of the 16 meridian). The
sub-Cambrian peneplane was well exposed in an area west of Ante
baktoaivve. North of rather level ground, with a great number of small
!akes with very irregular outline (the rock being there a granite por
phyry)- rises (with direction about W E) a marked, yet not high
slope, at the foot of which layers of dark sandstone crop out, J: the
basal beds of the Hyolithus series. The height of the peneplane,
which there Iies practically flat, is 350 m only. In the slope there occur
in places green and red shale, at the upper margin light-coloured
sandstone. Somewhat farther west the Pre-Cambrian Hyolithus zone
boundary line has a WNW direction, towards the valley of the Adams
jok, on the west side of which we notice the light-coloured sandstone
slopes typical of the Porsanger sandstone farther south-west. To the
east of the valley the land is low and highly moraine-covered, the
underground being at any rate to a large extent the rocks of the
o
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Hyolithus series, which there, as farther south-west, towards the
Rastigaissa area, have a rather wide distribution, owing to the fact
that there is in places a broad, fairly flat foreland south-east of the
steep slopes of the Porsanger sandstone. Especially the basal sand
stone which is a rather resistant rock towards the denudation, has
no doubt a wide distribution in these districts. Because of the mo
raine cover it is, however. difficult to say where it is present and
where it has been removed.
Shale and light-coloured sandstone which probably belongs to
the Hyolithus zone, though the sandstone may also in places represent
beds of Porsanger sandstone, were noticed on the north side of the
Lavsejok as far east as south-east of the A in the map, there at so
low a leve! as 300 m, that is a good deal lower than farther west.
South of the river there extends a leve!, moraine-covered land, with
Pre-Cambrian underground, very regularly rising towards the SSE, a
surface which most probably represents the sub-Cambrian peneplane.
Farthe. r south-west along the Lavsejok there occur some rather remark
able low hills which to a large extent are made up of debris of Hyo
lithus shale but which may represent material secondarily accumulated
in the valley, the accumulation being later eroded by the river. There
is a possibility that the peneplane (and the sedimentary beds resting
on it) in that area have been dislocated through faulting.
The area north-east and east of the Antebaktoaivve Mt. is of funda
mental importance for conclusions as to the relation between the two
divisions, the Hyolithus zone and the tillite-bearing sandstone series,
because the two divisions must meet in these regions as indicated in
my map pl. XXI of the paper of 19 18. When last summer I visited
the supposed area of junction, conditions turned out to be as I had
anticipated: the critical area, which I knew to be very flat, was so
covered by moraine that there was little chance of settling any question
of structural relation at all. The photograph, Pl. IV, Fig. 2, shows the
character of the landscape north-east of Antebaktoaivve : undulalting
plains with practically no rock exposures. Pl. I V, Fig. 3 shows the
nearly horizontal, yet slightly sloping ground on the south side of Lavse
jok referred to above as possibly representing the sub-Cambrian pene
plane. In the middle of the picture, in the distance, Iies Menavarre
(286m) with Pre-Cambrian underground, to the right of it the slope
towards the Tana River. East of Menavarre Iies a boggy land, with
surface about 200 m above sea-leve!, and it is not until east of this
Norsk geo!. tidsskr. XI.
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area, at a distance east of the eastern foot of AntebaktoaivvP. of about
15 km, that I have seen rock exposures just north of the Pre-Cam
brian crystalline rocks of the Tana River valley.
I found there bed-rock exposed along the Cikkojok ("C. j .
in the map), which river follows the bottom of a depression that
the west is broad and slightly marked, with enormous marshes, to
the east deeper and narrower.
As will be seen from the map, Fig. 8, the boundary-line between
the Pre-Cambrian area to the south (with gneisses) and the sedi
mentary area to the north is not quite straight. In this respect, as also
to a large extent concerning the character of the rocks, the geology
corresponds to the one previously studied by the writer between the
Tana River and the Varanger Fjord.
We find a tillite-zone occurring at several places at or near
the river, the lower part of the massive bed having a more gray, the
upper one a reddish brown colour. The rock generally shows no
bedding at all; we notice, however, for the whole layer (the thick
ness of which may be about 20 m ) a dip of about 20° toward� the
NNW. Directly above the conglomerate come a series of mainly
chocolate-coloured shales, :containing a few thin beds of dolomitic
material with a yellowish weathering, and still higher (farther west
along the river) occur, with a similar strike, a sequence of folded
brown and gray sandstone beds, interbedded with arenaceous shales.
Both in a small mountain (204 m, where the boundary line of Fig. 8
has a small curve towards the south) somewhat south of the river,
north-east of the mountain Ravddovarre, and in the 176 m hill rising
just north of the river somewhat further north-east, we notice beds
occurring below the tillite. At the latter locality (Pl. Ill, Fig. 2) there
were seen, in the south-western slope of the mountain, at the top
of which some crags of tillite were exposed, beds of light-coloured
sandstone and at the river grayish shale, lying fair!y flat. In the
204 m hill mentioned tillite occurs in the upper part, and gray sand
stones farther down. As was stated in my former paper, there exists
also east of the Tana River, below the tillite zone to which the one found
in the Cikkojok district evidently corresponds, viz. the M o r t e n s n e s
til l i t e, a rather considerable thickness of sediments, sandstone, shales
and conglomerates, belonging to the tillite-bearing division. There is
a possibility that the light-coloured sandstone mentioned from the
176 m hill is an equivalent to the sandstone in the Karlbotn area
''
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etc, though in this latter district conglomerates occur in the light
coloured sandstone series. The shale at the base of the said hill
may then represent still older beds; possibly it belongs to the older
(dolomite-bearing) sandstone division.
Evidently the same gray shale, here intensely folded and crumpled.
with folding-axis and vertical cleavage striking WNW, occurs further
east at Skoarrojavrre, on the north-west side of the valley which
separates the Pre-Cambrian crystalline area to the south from the
sediments. I have crossed the broad mountain to the north-west of
this valley, from the said lake towards the N W, and observed in
the upper part of it, in the rather remarkable ground there, with
innumerable small !akes separated by irregular moraine ridges, in
several places masses of large blocks
of the brown tillite, telling of the
existence of this rock in the under
ground. A small exposure of gray
sandstone with small scattered pebbles, no doubt belonging to the tillite
zone, was noticed in the little hill, Fig. 9. Strongly folded beds of sand
stone and shale (from an horizon above
191 m, on the north-west slope of the tillite) in a canon-like river cut
the said mountain mass.
3 km north of the Cikkojok (north o f
N orth of the Cikkojok, where the 176 m hill). The strike is NN E.
the tillites are marked in the map,
there exist a large number of fine river cuts, of typica! canon
character. I found there nicely folded beds (Fig. 9) of brown and
dark gray sandstone and shale, well interbedded. The strike is in
various localities about the same: N -10-20°- E. In a little valley about
tt;z km north-east of the 176m hill at Cikkojok there were exposed,
besides gray sandstone and red shale, thin dolomitic layers, probably
about the same part of the series as observed far up the Cikkojok.
About 9 km north of this river I visited the bed of Uvjaladnajok
where a folded series of brown and gray sandstones and shales were
met with, with strike N -30° -E, evidently the same series as seen in
the canons further south.
I walked along the foot of the mountain side on the west side of the
Tana River between the Pre-Cambrian area of crystalline rocks and the
204 m hill somewhat south of the mouth of the Maskejok (the continua
tion of Cikkojok), but the exposures there were generally very poor as
the slopes are highly covered with moraine and v egetation. The
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rocks are mostly brown sandstone interbedded
with shale that sometimes shows a very vivid
brownish red colouring. In the shales there occur
quite commonly thin layers of light gray-green
colour. Sometimes, like in the 204 m mountain,
the beds lie horizontally, generally, however, they
are more or less inclined. In the Seida district I
noticed a strike ENE on both sides of theTana River.
I have ( on the basis of observations on the east
side of the Tana River) in my former paper given
a section, pl. XX. Ill a b, from Skipagurra to
Leirpollen, the south-eastern branch of the Tana
Fjord, showing how at the base of the: sandstone
shale series just mentioned, there occurs a tillite
layer which in turn rests on the enormously
thick series of light-coloured sandstones ( with
some intercalations of more dark coloured shales
and sandstones) seen along the east coast of the
Tana Fjord, with generally a NE strike. I found
the corresponding tillite, at the base of the brown,
red and green sandstone-shale series, in a little
hill at the south-eastern foot of the imposing Tana
Mt., near the western margin of the map-sheet
Tana. There occurs here a brown unbedded and
unassorted conglomerate which as far as could be
seen was resting conformably, but with no zone
of transition, on the whitish, more or less
quartzitic sandstone of the Tana Mt., with a
rather marked dip towards the SE. The light
coloured sandstones in the mountain also show
to a large extent this same dip; however, the beds
often Iie rather horizontally or with irregular
dips. The surface of the beds are quite commonly
ripple marked.
The coast-line between the Tana River and
Vestertana is typical by its narrow peninsulas
and fjords, arranged with a nicely curving NN E
to NE direction. As was to be expected, this
direction corresponds to the strike of distinctly

262

OLAF HOLTEDAHL

folded sedimentary rocks. As to the rock series occurring here and
their tectonical features the sec tion Fig. l O will show some main
features. We notice how towards the west the strata have been laid
into a number of isoclinal folds with dip towards the NW. We find
the boundary plane: light-coloured sandstone
tillite exposed several
times, with the said dip, the conditions contrasting with those nearer
the Tana River where the boundary plane has been far less deformed.
A tillite-zone also appears west of the upper part of the Vester
tana Fjord branch, not resting th ere on the light-coloured sandstone,
but as seen e. g. in the Alteberg peninsula, on a series of brown and
red sandstones and red and green shales, of the same type as those
occurring a b o ve the tillite in various localities to the east and south.
----- ....

',

'

'
l

E

-----

Fig. 12.

Section of the central part of the overturned anticline of

!Cp. the map Fig. 11).

The structure highly resembles that seen

to the left of the centre of Fig. l O.

From Moskeviken, on the west side of Vestertana l ascended
the mountain side towards the north-west as far as the slope 1 of
the 560 m mountain, 3,5 km from the coast (Cp. Fig.
Nearest
the coast the rocks are sandstones and shales of brown, to some
extent of a very vivid red, colour. There further occurred some
bands of light-coloured quartzitic sandstone. Higher the rocks show
more gray and brown colours but the same north-western dip.
In the upper part of the slopes beneath the rather steep side of the
mountain 560 the rocks are more exclusively shales, mostly of a
greenish gray colour. They are often very strongly folded. At the
foot of the mountain there were observed some beds of coarse, rather
dark coloured sandstone white the mountain mass itself is made up
of light-coloured sandstones. The dip is towards the northwest
but very slight.
l

There was such a violent western storm blowing down the slopes on the day
in question,

that it was

reaching so far.

only with

the

greatest

difficulty

I

succeded

in
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mountain mass of the Gaissas ("G" in the map Fig. 8), at the western
margin of the map sheet Vestertana, I observed nicely folded beds:
to some extent brown to red shale and sandstone, mainly, however,
grenish shales. In places also a layer, only a few meters thick,
of whitish quartzitic sandstone was seen. At !east in one locality,
about 11/z km E to N of the summit of the Gaissas (478 m) there
seems to be present a thrust plane, between a light-coloured quartzite
and the green shale lying below it. The shale (or mudstone) mass
is there, as commonly seen in the district, cut by vertical cleavages
with a northerly strike. just below the quartzite the rock is badly
sheared and broken.
The strike of the rocks in this area is N S; farther north it
evidently turns into a more NNE direction as indicated by the topo
graphical features (Cp. the l : 100 000 map) where the trend of the
valleys and mountain ridges is NNE to NE. There can be no doubt
that the sedimentary series met with just to the west of the most
western occurrence of the tillite (in the south-western slopes of
Divggaoaivve) correspond to the one present in the slopes on the
west side of Vestertana (from Moskevik and northwestwards). Of the
great mass of light coloured sandstone occurring in the central part
of the peninsula west of Vestertana nothing was seen farther to the
south-west. As far as I could see from the Gaissas the underground
was, at !east some distance farther to the west, (on map sheet Le
besby) made up of rocks (principally folded shales) similar to those
occurring just east of the said locality.
A detailed mapping of the southern part of the Vestertana map
sheet area will no doubt show also in the· more eastern part of the
area stripes of the greenish shale or mudstone complex, seen in the
Gaissas district and in the slopes beneath the light-coloured sandstones
northwest of Vestertana. It occurs inter alia in the broad mountain
ridge east of the Harjas, W to S of the extreme upper end of the
Vestertana fjord branch. The rocks were there seen to Iie fairly flat,
yet with distinct undulations. It seemed to me as if there also occurs
a fairly horizontal thrust plane in this mountain mass, yet on a dose
survey the rocks both below and above were found to have the same
general character.
Summarising what has been seen in the southern half of the Vester
tana map area we may emphasize the following stratigraphical points:
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brown and red sandstones and shales. Possibly there is a second
tillite bed included in this series. In connection with the tillite there
occur in places thin dolomitic beds (cp. also localities at or near Cikko
jok far to the south on the map sheet Polmak, at Bergeby at the Var
angerfjord ( 19 18, p. 172) and at Trollfjord in the Tana district (p. 179).
3. In the upper part of the brown and red sandstone-shaie series
there occur, as seen at Vestertana, relatively thin layers of \Vhitish
quartzite. The intercalation of these quartzitic beds is of peculiar
interest for a comparison with the Alten district, where the tillite
layer occurs in a series mainly made up of light coloured quartzite, the
Bossekop quartzite, containing beds of brown and red arenaceous shale.
4. In a still higher horizon comes a succession of principally
gray-green shale (or mudstone) rocks, that generally have a very mar
ked secondary cleavage.
Overlying the last mentioned series we find the light coloured
sandstones making up the high central part of the peninsula north
west of Vestertana.
Thus the light coloured sandstones on the east and west side of
the Tana Fjord just south of the mouth of Lang Fjord do not pass
into each other as one might conclude when having seen the east
side only, with the south-western strike of the rocks. The tillite- and
shale-bearing series seen at the upper end of the Tana Fjord come in
between, and the fjo rd h a s t o a la rge e xte n t be e n e r oded
i n t h e s e l e s s r e s i s t a n t r o c k s. A feature supporting this view
is that the strike on the west side, to the south of the mouth of the
Lang Fjord is N, or even NNW. I have not been ashore there but
the conditions could be well seen from the steamer in which I passed
out of the fjord.
Whilst in the area now discussed we find the tillite-bearing sand
stone (or sandstone-shale series) resting directly on the thick mass
of light coloured Tana sandstone, conditions in the south, between
the Varangerfjord and the Tana River, where rocks older than the
tillite crop out, are different, as discussed in my paper of 19 18. There
the tillite-bearing series is seen in places (at the boundary towards
the Pre-Cambrian granite area) to rest on the old granite, the sur
face of which is evidently of an uneven character (Cp. 19 18, Fig. 23,
p. 168).
In the Nesseby district, on the north side of the Varangerfjord,
the division, with at its base a dolomite conglomerate, rests with a
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slight unconformity on an older sandstone series (the Vardø series)
which is very different from the light coloured Tana sandstone and
may represent a younger member of the dolomite-bearing sandstone
division. Detailed observations on the Nesseby district will soon be
published by H. ROSENDAHL.

General remarks on the geological structure of the
areas studied and on the age-problem of the
sandstone divisions of Finmarken.

As was emphasized in my paper of 19 18 the region just north
of the Pre-Cambrian crystalline area of Finmarken shows different
types of geology in the central and western part of the region on
the one side, and in the most easterly one on the other. To the west
we have the sub-Cambrian peneplane well developed, with a general
inclination towards the north-west, and in that direction covered by
the Lower Cambrian Hyolithus zone which in its turn is overlain by
the Porsanger sandstone. To the east, as seen at the upper end of
the Varanger Fjord, the Pre-Cambrian basement complex disappears
rather suddenly towards the north, a great thickness of sediments
appearing just north of the boundary line at corresponding levels.
the crystalline floor there evidently lying deeply buried (Cp. the lower
diagram of Fig. 33, 19 18). These sediments consist of the tillite
bearing sandstone and sandstone-shale series overlying an older sand
stone series which seem to represent a member of the do1omite
bearing sandstone division that is beautifully exposed on the north
coast of the Varanger Peninsula. Similar conditions, with sedimentary
beds, inter alia a tillite-horizon, replacing the Pre-Cambrian crystal
line complex towards the north and occurring on the north side of a
depression, in the southern slope of which stands the old crystalline
rocks, are now known to occur as far west as on the Cikkojok, about
35 km west of the upper end of Varangerfjord. From my studies at
the Varangerfjord I concluded that a dislocation, with downfaulting
of the northern area, must have taken place after the deposition of
the older (dolomite-bearing) division but before the younger (tillite
bearing) division was deposited. Although in the Cikkojok area I
have not seen sediments of the younger group resting on the old
·
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crystalline rocks, the geological history there has most probably been.
in the main features, similar to that to the east; the brown tillites
evidently occur as an originally continuous band just north of the
Archean area for tht distance mentioned.

U nfortunately the moraine-covered character of the ground still
further west, towards the area where the sub-Cambrian peneplane
occurs (with overlying Hyolithus zone) has not made it possible to
trace the exact relation and boundary line between the areas of
western and eastern structure, but probably the change takes place
immediately east of the Antebaktoaivve Mt.

There is reason to be

lieve that the boundary line from this point runs about N or N NW.
We know that in the district of the Gaissas ("G" in Fig.

8)

the eastern

type of structure with a large thickness of sediments, amongst others
tillite-bearing strata, and below those most probably light coloured
sandstones, exist, whilst, according to REUSCH and TH. VoGT,

Pre

Cambrian crystalline rocks (besides younger ones) are known to occur
at the upper end of the Lakse Fjord.
The fact that the tillites in the Cikkojok district just north of
the Archean area occur at heights
sub-Cambrian peneplane

1

m above sea-leve! while the

200

to the west,

in the continuation of the

southern outcrops of tillite, Iies at about

350

m, and the (irregular)

surface of the Archean to the south of the tillites reaches
to

might seem

indicate

that

the tillite-be aring

2

sedimentary

300 m
mass

primarily belongs b e l o w the eastward continuation of the said pene
plane and below the Hyolithus-zone.

Studying the map Fig.

8

the

possibility strikes one that the greenish shales of the Gaissas and
Vestertana region might be a folded equivalent of the

Hyolithus

shales

crystalline

to

the

basement, the
dislocation)
tillite.

on

south-west,
former
the

the

(occurring

brown

latter

resting

on

the

east of the assumed old line of

shale-sandstone

series

overlying

the

However, the thickness of the former shales seems to be

more important than that of any known Hyolithus shale series of
similar character, and further the various intercalations of light coloured
sandstones typical of the Hyolithus series do not seem to occur in
the said eastern sequence of shales.
The above mentioned solution of the structural problem has as
a necessary supposition that there has been no important down
faulting of the tillite area a f t e r the peneplane came into existence, a
supposition that it may be difficult to prove.
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was that the dislocation

along the Varanger Fjord line was such a y o u n g e r feature, which
view was again based on the following arguments: the Varanger disloca
tion must have

taken place after the dolomite-bearing series was

deposited, because the tillite-bearing series north of the fjord rest
on the former, but to the south on the crystalline Pre-Cambrian.
The dolomite-bearing sandstone series must be younger than the
Hyolithus zone and consequently younger than the sub-Cambrian
peneplane because the non-metamorphic Porsanger sandstone ( which

upwards passes into the Porsanger dolomite ) was found in the Pors

anger gaissas, in a region far south-east of the metamorphic rocks
and the marked thrust plane below the latter, to rest on the un
disturbed or only relatively slightly disturbed, about

250

m thick

beds of the Hyolithus zone.
Last summer's investigations in the Porsanger area have made
me less convinced of the correctness of this view.

The geological

structures seen tell of very important tectonical disturbances even in
the south-east, the Porsanger sandstone evidently having been for
considerable distances more or less h o r i z o n t a I l y m o ve d on top of
the Hyolithus zone sediments, which in the northern part of the area
investigated have been folded and squeezed.

Concerning the relatively

undisturbed character and great thickness of the Hyolithus zone in
the southern mountains, the existence of an anticlinal fold in the sub
Cambrian peneplane (as seen in Fig. l) may, under the supposition
of the whole of the Porsanger sandstone having moved horizontally,
explain this feature, because the said anticlinal mass of solid Pre
Cam brian basement rock has s h i eld e d the Hyolithus zone lying
to the south-east of it, conducting the thrusting into a relatively high
leve! in the sequence of strata.
However, the assumption of an age of the Porsanger sandstone
gr e a t e r than that of the Hyolithus zone would require a very im
portant overthrust, because

20

25

km north of the southern slope

of Gaggagaissa we find the basal part of the Hyolithus zone resting
on the Pre-Cambrian crystalline rocks. The strike of the basement
anticline is NE, and probably the direction of the thrust has been
NW

SE.

The mass of Porsanger sandstone existing e. g. in the

south-eastern gaissas of the map area of Fig.

2

must under the said

assumption have been moved from an area in the present Porsanger
Fjord district or an area somewhat west of it.
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The conditions found in the

northern

part of the Lakselv

Valley sections remind one greatly of those existing near the southern
boundary-line of the sparagmite region of the central part of southern
Scandinavia, from the Randsfjord district in Norway to the south-west
to the jamtland area in Sweden to the north-east, so far as we have
in various parts of this region sandstones, of a fairly unaltered cha
racter, lying above highly folded and disturbed Cambrian strata of
generally no great thicknees.
In the extreme south-west, these sandstones without doubt re
present the

member of the sparagmite division, the "quartz

sandstone" (a division older than the oldest fossiliferous Lower Cam
brian horizon of the area), the proof being the occurrence of fossil
iferous Cambro-Ordovician beds resting on the quartzitic sandstone.
Farther east the conditions, at !east for some areas of sandstone, seem
more doubtful.
and to FR6D J N

I may refer to H6GBOM's paper on jamtland (1920)

(1920).

The geological conditions as they e. g. are

known to be in the isolated Trunneberg Mt. in Dalarna, not far east
of the frontier, may be difficult to explain by assuming the sandstone
mass to belong to the old sparagmite division, because the "Vemdals
quartzite" formmg the higher part of the mountain seems to be strati
graphically connected with the alum shales below it, through transitional
beds

( FR O DI N , 1920,

p.

21).

A supposition of the Porsanger sandstone representing an over

thrust series o l d e r than the Lower Cambrian Hyolithus zone would
make possible a correlation of the tillites of Finmarken and

the

tillite-like conglomerates in the sparagmite-area of the south, (men
tioned p. 243).

As a matter of fact the geological history of the spa

ragmite area of southern and eastern Central Norway on the one
hand and of the area of non-metamorphic sediments of Finmarken
on the other would then have various main features in common:

1.

Deposition of a sandstone series with thick intercalations of

carbonate rocks (in the south the sparagmite series with the Biri lime
stone which in certain areas has a dolomitic character; in the north
dolomite-bearing sandstones, like the Porsanger sandstone

Pors

anger dolomite series).

2.

Dislocation.

3. Denudation of the sedimentary series and underlying crystalline
rocks in the relatively uplifted area, deposition of unassorted conglo-
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merate rocks (in the north proved to be of glacial origin) on the
slope of the crystalline basement mass near the dislocation (e. g. at
the Engerdal1 in the south and the Varanger Fjord in the north) and
on top of the older sediments in the subsided area (material dropped
from icebergs).

4.

Deposition of fossiliferous Cambro-Silurian sediments.

5. Caledonian deformation with movement of the old sandstone
masses above fossiliferous Cambro- Silurian sediments which, outside
the sandstone (sparagmite) basin,

Iie directly on the old crystal

line floor.
A circumstance to which, in this connection, I might point is
the trend of the old lines of dislocation, the Varanger Fjord

Cikko

jok line in Finmarken and the one that probably exists between the
district east of Engerdalen in the southern sparagmite area and that
to the west of it, both lines separating a relatively uplifted area, with
mainly Archean rocks exposed, from an area where the crystalline
basement Iies deeply buried under a thick cover of sandstones etc.
The trend of these lines, the ESE one in the north and the SSE one
in the south, corresponds as to direction when seen in relation to
the general outline of Fennoscandia.
While the demonstration of important tectonical disturbances also
in the southern Porsanger area has made possible - or probable
the assumption of a greater age of the Finmarken sandstones than
that previously ascribed to them by me, LAUGE KocH's more recent
investigations in Greenland have brought geological results that in
directly strongly point toward such a greater age.

( 1929,

p.

223)

He has found

that a series of (stromatolitic) dolomite, sandstone and

shale occurring in East Greenland (his Eleonore Bay Formation),
included in NATHORST's "Silurian", and further (1. c. p.

220)

a group

of sandstone and dolomite (Thule Formation) in NW-Greenland Iie
b e l o w Lower Cambrian strata for which reason they are referred
to the Pre-Cambrian. The strata of the Eleonore Bay Formation are
those which long ago by various writers have been regarded as a
parallel to the Heclahook of Spitsbergen, and KocH concludes there
fore that at any rate a part of the Heclahook of Spitsbergen must be
regarded as of Pre-Cambrian age. KocH's results are of great interest
l

Locality south of Magnhildbrennskarven, HoLTEDAHL l 92 l, p. 31.
Norsk geo!. tidsskr. XI.
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for the discussion of the age of the Finmarken formations, as there
is reason to believe, as I have repeatedly emphasized

( Cp.

the intro

duction), that deposits synchronous with the dolomite-bearing series
of Finmarken are represented in the dolomite-bearing series of va
rious North Atlantic-Arctic areas, series which, because

of various

finds of fossils, I regarded as of Lower Ordovician age.

Now, the

Durness dolomite-limestone series, which was one of the deposits with
which I compared the Finmarken-dolomites, contain Lower Ordovician
fossils, and the same is the case with the upper dolomite series of
Bear Island.

However, in Bear Island there exist a lower dolomite

series, stratigraphically separated from the upper one by a slate-quart
zite series. As emphasized by me

(1919

B. , p.

134)

this lower dolomite

series (with its stromatolite and oolitoid rocks) is strikingly like the
Porsanger dolomite and with the rather moderate distance between the
two areas a correlation seems to be a most natura! conclusion. There
may be, under the supposition of a Pre-Cambrian or "Eo-Cambrian"
age of the Porsanger sandstone-dolomite series, this solution of the
problem that the lower dolomite and the slate-quartzite series of Bear
Island

(which

series are stratigraphically connected by transitional

Iayers) are of a similar old age and thus separated from the upper
dolomite series by a considerable break in the succession, the Pale
ozoic then starting here with the latter series

( with

Canadian fossils).

To this lower main division of the Bear Island Heclahook both the
Kildin series, mentioned by YAKOVLEV, and the stromatolitic dolomite,
described from the Kanin Peninsula by RAMSAY, should then be
referred.
I shall not here go into the question of the age of the Hecla
book series of Spitsbergen, but only point to the existence of a til
te-like conglomerate mentioned by GARWOOD and GREGORY
p.

216)

(1898,

in the Bell Sound area and to the desirability of fixing the

position of this horizon in the sequence.

Finally a few facts concerning the character of the C a l e d o n i a n
d e f o r m a t i o n, as seen i n various parts o f the investigated area, may
be pointed out.
Th e P o r s a n g e r a r e a .

The sections Fig. l show us that the

thrusting must be younger than the gentle falding

( plissement

du fond)
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of the earth's crust in this area 1, a deformation through which the
Pre-Cambrian and the Hyolithus both were alike affected. After the
thrust mass came into its present position no such folding has taken
place, as the regular character of the thrust plane tells us.
A striking feature in this area ( Cp. Fig. 8) is the very northern
NNE to N) direction of the axis of the folds of the Porsanger sand
stone.

This direction does not correspond to the strike of the de

formed sub-Cambrian peneplane, nor to

that of the metamorphic

rocks and the thrust line further north, which is NE.
of the

sandstone may therefore p o s s i b l y

The folding

belong to a s o m e 

w h a t o l d e r p h a s e of the deformation than the thrusting of the
district.
Ar e a s o u th w e s t a n d s o u t h o f t h e T a n a Fj o r d.

Due to

the existence of a very large thickness of sedimentary, easily folded
rocks, above the compact Archean basement and the predominance
of shaly material in the district between Antebaktoaivve and the Tana
Fjord, the tectonical features are there of a type quite different from
those seen farther to the south-west. We find in the series made up of
alternating sandstone and shale beds very marked small folds of the
type seen in Fig.

9.

Where the comparatively very rigid tillite occurs

we get thrusts and imbricated structures. Large-scale folds are seen
where the light-coloured sandstones on which the tillite division rests,
have been exposed as is seen in sections Fig.

10

and

12.

That the

deformation has been strongest to the west is not only shown by
the character of the folds but also by the character of the rocks,
the tillite being highly schistose in the western part of the area
south of the Tana Fjord.

That purely loca1 conditions, causing a

different exposure to stress in various localities, are of great impor
tance in this respect is shown by the character of the tillite on the
west and east side of the Njuvcagaissa anticline. The rock is there much
I

TH. VoGT in a short preliminary report on his studies 1927 in the Lebesby
map sheet area around the southern part of the Lakse Fjord mentions (1929,
p.

62-63)

the

fjord

how the
has

crystalline

been subject

Pre Cambrian occurring at the upper end of

to thrusting.

These

Pre-Cambrian masses seem

to Iie in the continuation of the anticlinal part of the Pre-Cambrian basement
in the Lakselv Valley, and the structure mentioned by VoGT might possibly
have come into existence through a further development of an obliquely anti
clinal fold like that seen in the Porsanger area.
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more pressed and altered on the east side where the beds are inverted
and the massive mass of sandstone pressed against it, the stress
being directed more or less vertically to the steeply inclined beds.
A striking feature in the Tana district is the rather regular and
rather moderate
, dip noticed west of Vestertana, the beds of the light
coloured sandstone mass on top of the shales showing a very slight
inclination only.

My visit in this region was made under extremely

unfavourable conditions, and I dare not express any definite opinion
concerning the relation between the two series.

I might, however,

point to this explanation as a possible one that the light-coloured
sandstones have been thrust above the shales,

To some extent the

conditions remind us of those found farther south-west where the
thrust Porsanger sandstones overlie the Hyolithus shales, there, how
ever, with the crystalline floor lying below the shale series.
Concerning now the direction of the axis of falding in the Tana
district, it is seen to be very different in various districts.

In the

greater part of the area west of the Tana River the strike is N or
NNE, turning, however, rather markedly into a NE direction at the
upper end of the fjord, in front of the light coloured, sandstones to
the NW.

This change reminds one somewhat of that seen in the

Porsanger district

( Cp.

above) when we pass northwards, towards

the front of the metamorphic thrust masses. Still further north, on the

Nordkyn Peninsula the strike is again principally NNE, and there
is the possibility that we are there too dealing with an older set
of folds.
In sharp contrast to the northern or north-north-eastern direction
mentioned a bove stand the ENE and E strike of the sedimentary
beds near the area of crystalline rocks to the south.
strike is, as emphasized in my paper of

1918,

This eastern

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 Varanger Fjord dislocation at a very remote time,
previous to the Caledonian deformation.
Since certain points of structural likeness between areas of Fin
marken and the sparagmite area in southern Norway have been
emphasized irr this paper, I might here add that we have similar
features concerning the strike of the folded strata in the southern
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area, where west of the Archean block east of Engerdalen the strike
of the sandstones is SSE

( HOLTEDAHL, 1921,

Fig.

l),

strongly con

trasting with the ENE or E one in the southern part of the sparag
mite area in the northern Mjøsen district.

Addendum.
After the above was written (in the first months of

1930)

I have

received the highly interesting "Preliminary Report on the Danish
Expedition to East Greenland in

1929

lead by LAUGE KocH" (Med

delelser om Grønland, B. LXXIV, København

1930).

In papers by

BACKLUND, POULSEN and KULLING the occurrence of tillites or tillite

Iike conglomerates in various districts of the fjord-area of Eastern
Greenland has been mentioned.

As to the age PouLSEN (Contribu

tions to the Stratigraphy of the Cambro-Ordovician of East Greenland,
p.

304) states:

The fossiliferous Lower Cambrian above the tillite series

belongs to a zone, which, according to WALCOTT, is to be placed high
up in the Lower Cambrian; thus there is a possibility that the Cape
Oswald formation 1 is of early Lower Cambrian age, but we have
no satisfactory proof; the formation may as well be late Pre-Cambrian."
The age conditions

thus seem to be very much like those of

the tillite-like conglomerate of the sparagmite area of southern Norway.
The East Greenland tillites, or tillite-like conglomerates, are to a
large extent made up of material from the directly underlying (Ele
onore Bay) sedimentary series, dolomites, Iimestone, quartzites; boul
ders of igneous rocks are also common in certain horizons.
far

conditions

highly

remind us

So

of those existing in Finmarken.

The colour of the tillite rocks of Greenland is to a large extent
reddish

brown,

Finmarken.

A

while

also

grayish

striking feature

of

rocks

both the

occur,

just

as

in

Greenland rocks in

question, of the conglomerate of the sparagmite area and the tillites
of certain areas of Finmarken is their occurrence as a wide spread
Iayer, lying more or less conformably between over and underlying
strata. As previously emphasized by me, such a feature may most
naturally be explained by the assumption of the material having been
dropped from floating ice (1918, p.
t

With the tillite rocks.

270).
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The find of tillite rocks in East Greenland in an horizon between
the Eleonore Bay formation and fossiliferous Lower Cambrian beds
is no doubt another fact pointing in favour of a Pre-Ordovician (a
late Pre-Cambrian or basal Cambrian) age of the Finmarken tillites.
Especially KuLLING has emphasized (Stratigraphic Studies of the
Geology of Northeast Greenland, p.

331)

how difficult it is to draw

the boundary line between the Pre-Cambrian and the Cambrian in
eastern Greenland because the series below the fossiliferous Cambro
Silurian are (stratigraphically) closely related to the latter.

This fea

ture, with deposition of a huge thickness of unfossiliferous sediments
more or less conformably passing into the fossiliferous Paleozoic, is
probably a characteristic feature of a number of northern districts
belonging to the Caledonian geosynclines.
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Plate I.
Fig. l.

The mountain side of the Lakselv Valley west of the

Nedrevann.

northern

part

of

The mountain is Jortgastatgaissa (j in the map p. 247). We notice from

below: l. Pre-Cambrian metamorphic sedimentary rocks dipping more or less towards
the south, 2. the horizontal basal conglomerate-sandstone horizon of the Hyolithus
zone,

3.

the lower shale horizon of the same zone (debris-covered), 4. the thrust
mass of Porsanger sandstone.

Fig. 2.

Unconformable contact (at the head of the hammer) between Pre-Cambrian

quartzite and the basal conglomerate-sandstone horizon of the Hyolithus zone. Detail
from the central part of the area seen in the photograph above.

Plate

I I.

Fig. l. The lower, thrust-plane contact of the Porsanger sandstone mass in the northern
part of jortgastatgaissa
shale

of

the

Hyolithus

Fig. l, p. 244-245).
zone.

In

the

Below the debris in the slope folded

middle

distance

Merdevarre,

with corre-

sponding structure; further away grave! terraces and the Porsanger Fjord.

Fig. 2.

Vuollanjunne, seen from the SSW.

The plain in front roughly corresponds to

the sub-Cambrian peneplane, with more or less of the basal conglomerate-sandstone
horizon preserved, below the moraine-cover.

The lower sandstone horizon of the

Hyolithus zone (coming above the lower shale horizon) is well marked in the slope to
the right, the upper sandstone horizon to the left. The dark horizontal band, coming
still a good deal higher, represents the basal part of the Porsanger sandstonc.

Plate Il I.
Fig. l.

Porsanger sandstone in the southern part of Vadd2sgaissa

(1025

NE of Vuorjegaissa (Cp. Fig. 8, p.

Fig. 2.
towards

The Cikkojok Valley, about 10 km east of C. J. in the map, Fig.
the

north-east.

In

the

foreground

the

gneiss mo11ntain

south side of the valley, on the north side of the valley the 176

m

!PS

8.

View
on the

mountain (p.

258)

with tillite in the uppermost part, further down light coloured sandstone and at the
river gray shale

river cut faintly seen in the photograph).

Plate IV.
Fig. l.

View from the south-eastern slope of Rastigaissa (Fig. 8) towards the north-east.

In the foreground weathered sandstone of the basal conglomerate-sandstone horizon of
the Hyoiithus zone.

The slightly inclined skyline to the right corresponds to the

sub-Cambrian surface (with more or less of the basal horizon of the Hyolithus zone
In the partly snow-covered slopes in the far distance: Porsanger sandstone.

Fig. 2.

The

moraine-covered ground north-east of

View towards the north-east.

Antebaktoaivve

in Fig. 8).

The mountain seen in the far distance above the man

and the horse is Njuv�agaissa

Fig. 3. PhotogrJph laken from a place above 7 km south of the summit of Antebaktoaivve
towards

the east-north-east.

The slightly inclined even surface of the foreground

corresponds probably roughiy to the sub-Cambrian peneplane.

