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Manuscripts must be delivered in two copies, typewritten with double
BpacinZ and nurnbereci pa^eB- bables are to be written on separate pages.
Artides for the Yearbook should be delivered before February Ist each year.
Papers of more than 50 (prinre6) paZeB rnav be publiBne6 as separate volumes.
skorter papeiB ma^ alBo appeal in separate issues together with other articles
on related problems or concerning the geology of adjoining areas.

All publicati«nB '«vill be rea6 by an e6icc>rial coirmairree.

Articles can be printed in the following languages: Norwegian, English,
German, French or a Scandinavian language other than Norwegian. An
abstract in English, German or French is compulsory- A Norwegian summary
is not necessary for articles written in another language. Texts written in a
language which is not the writer's own should have been read and corrected by
a person skilled in this language.

muBt nave a 83irnr)le a korm a 8PoBBible an 63noulci nave proper
nea6inZB (6eBcriptionB in tne text are not Buiiicient).

Sketches and photograpbs should be less rnan page size (11 cm x 17 cm) or
reducible to this maximum size. Microphotographs are most conveniently
numbered separately and printed as "Plates" on special paper (placed at the
back of the article).

Maps must be reducible to 11 cm x 17 cm or to multiples of this size- They
should preferably be drawn in a size larver than that in which they are to be
published. (Caution must be tåken to ensure that the map is suitable for
reduction.) The maps are principally printed in black and white, although
niuiticoloureci rnapB rnav occaBionallv be preierable. The rnap rnuzr be iurnisne6
with an outer frame. Place names used in the text Bnoul6 aiBo be in6icace6

on the rnap. The niain topoZrapnic and nv^ro^rapnic leatureB rnav be 6ra^vn
to the extenc tnat ckev do not ciiBturb or conkuse the ZeoioZical BvinbolB.

References are to be given according to the Harvard system (the same as,
for instance, in Norsk Geologisk Tidsskrift).
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The geology of the Leirpollen area, Tanafjord,
Finnmark

By
D.R.V. Beynon1), G.R. Chapman1 ), R.O. Ducharme1 )

and ].D. Roberts1).

Abstract.

900 metres of sedimentary rocks, including Eocambrian tillites, have been
mapped on 1 : 50,000 and 1 : 25,000 gcaies around Leirpollen and colrei2ce6
vick the VeBrert2N2 Group v^kick ourcropB on the DiZelinni Peninsula. The
rocks consist almost entirely of clastic sediments; volcanic rocks are absent
and carbon2ceB extremeiv rare. The Vesrertana Group beZin« >vicn nvo tiliite
tolmacions '«vnicn appear to be abzenc in the east. The upper part of the Zroup
conBists of cleaved mudstones, siltstones, orthoquartzites and greywacke sand
stones. Body fossils have not been found but trace toBBliB are present and are
common in the upper part of the group.

The rocks are folded with axes trending approximately SSW— The
jntensity of the folding decreases towards the east. In the extreme west of the
area some overturned synclines occur and are associated with steeply-dipping
reverBe tault3.

Introduction and geological background

The Leirpollen area (Maps, next page and end of paper.) lieB immediately
the east of the mouth of the Tana River at the head ot Tanafjord on the north
c«aBr of Finnmark, between longitudes 28° 10' and 29° east and between
latitudes 70° 15' and 70° 30' north.

The area was first described by Holtedahl (1918) and the general features
of the geology were elucidated. In 1933 and 1934 the western part ot the area
was visited by Føyn (1937) who established the presence of an uncontormity
beneath the Lower Tillite. In 1933 cke area had been mapped on the scale of
1 : 100,000 by Rosendahl (1945). Since 1950 kive parties from Oxford Uni
versity, under cke direction of Dr. H. G. Reading, have visited East Finnmark,
>vorlcinZ mainlv on the OiZermul Peninsula. The BtratiZrapkic Bec^nence for
the Digermul Peninsula was worked out in detail and in 1964 J. D. Collinson
made a brief visit to the Leirpollen district. The purpose of ckiB paper is to

i) Department of Geology and Mineralogy, Oxford, England.
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present rke rezulrs ok an expedition krom Oxkord went w tke leirpollen
area ili tke BUlnrner ok 196) tke aim ot rernappinZ tke area uBinZ tke
derailed Becrion obtained krom DiZerrnul.

111 1 )0,000 Bcale map3 UBed, Buppleinenced in rke weBrern
pare ok rke area by 1 : 2),006 Bcale aerial pkoroZrapkB.

The authors are in6e!)te6 to Norges Geologiske Undersøkelse for the gener
ous provision ok a grant, maps and aerial pnotoZrapns. to Dl. S. Føyn who
suggested visiting the area and gave niucn pracrical 288i3t2nce; and to Dr. H. G.
Reading who provided advice and encouragement throughout. The authors
would alBo like to acknowledge the friendly assistance given by the people of
Leirpollen, in particular Olaf Henriksen and his son Øystein.

Stratigraphy.

The Older Sandstone Series is overlain with slight unconformity by the
Vestertana Group (Eocambrian), which outcrops around the shores ok Vester
tanafjord and is there about 1450 metres thick. It passes conformably up into
the DiZelinui Group wnicn conrainF Cambrian and Tremadocian fossils
(Reading, 1965). Within the Leirpollen area no rocks above the Lower Breivik
Member ok the Vestertana Group occur and the local thickness measured, from
the base of the Lower Tillite Formation, was 900 metres. No body fossils were
found but trace fossils were fairly common, particularly in the higher horizons.

Older Sandstone Series.

'lke upperrnosr 2)0 rnetreB Btu6iecl in order to aBcerrain rke nature
ok tke unconkorrnit^ beneack rke VeBtertana (^roup. 'lke kollo^vinZ Bucce33ion
18 Been in tke norck->veBt ok tke area:

Vagge Quartzite 1) metres
Vagge Shale 90 metres
quartzite over 200 metres

Towards the south-west the unconformity beneath the Lower Tillite Forma
tion cuts down through the above succession and in the extreme south-west
removes 130 metres of strata and rests on the quartzite below the Vagge Shale.
An angular unconformity of I—21 —2 deZreeB was calculated, agreeing with that
found by Føyn (1937).

Vestertana Group
Lower Tillite Formation.

I"ke rkiclineBB ok rke korrnation varieB krom )0 metreB in eke Bourk-^veBt ro

8 rnerre3 in rke noltk-weBt and ir i8apparenrly ar>Bent in tke eaBt. I°ke roclc
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is Zeneraiiy massive bur stl2rikicarion is BomerimeB present, raicinZ the form
ok rkin lenses of sand. It is unsorted, containing particles ranging krom clay
grade to large cobbles. The bulk of the rock is composed of material finer
rkan coarBe sand, wkick is light-grey when fresh and weathers to dark-grey or
brown. The coalBel fraction conBlBtB of angular, sub-angular or rounded blocks
of dolomite, metamorphic rocks, grey mudstone and quartzite. Dolomite måkes
over 50 per cent of the blocks which are frequently dissolved out leaving
characteristic cavicieB. The I^>wer 'liliite Formation is generally homogenous
throughout its thickness but in the west of the area the formation contains
a band of slates and mixed sediments 3—53—5 metreB thick.

Nyborg Formation.
I'niB formation is well exposed in the west of the area where it separates

the two tillite formations. The thickness is commonly 15— rnerreB, in
creasing to 90 metres in the south-west (Hanaelven valley). The formation
rninB r0w2168 tne east dut cnere is no accornpan^inZ kacieB ckanZe; ir retains
its character as a quiet-water sediment. This suggests that a pre-Upper Tillite
Formation unconformity is responsible kor the thinning.

The lower limit ok the formation is tåken at the abrupt disappearance
of riliire bloclcB at the top of the Ixiwer 'liliire Formation. This is generally
followed by a grey lithic sandstone 2-3 metres thick which grades quickly up
into purple shales, but on the north-western slopes of Lammeskallfjell the
Lower Tillite Formation i5 overlain by 2 dolomite 1.5 merreB thick. The bulk
of the formation consists of purple shales and lighter-coloured siltstones,
the siltstones being commoner in the higher horizons. Immediately beneath
the Upper Tillite Formation the beds are generally sandy laminated siltstones
showing cross-lamination, but some massive lithic sandstones occur.

Upper Tillite Formation.
'lke I_lpper 'liliice outclopB exrenBlvely in rke weBtern p2ic ok eke area. Ir

i8commoni^ 9-1) metre3 tkiclc 2 M2ximum ok 50 metre3. Ir waB not

koun<i in rke eaBr and 13 probably abBenr. Ir i8an unBorce6 roclc, 30 zimiiar

in moBt reBpect3 to rke I.o>vel liliire kormarion rkar ic i56ikkiculr 10 6i3tinZuisk

rkem on litkoiogy alone. ksijyn (19)7) 3tareB ckar in general rke lepper 'liliice
kormation contains kexver 6olomire an6more cr^raiiine b!oc!<s rkan rke I^oxver
'liliice kormation. In rkiB area tkiB 6istinccion 6oeB nor Beem ro KOI6. 'lke

bloclcs conBiBt ok 6olomice, inclu6inZ piBoliric an6Brriate6 varierieB, Bub

or6inare ciualtTire, ZneiBB, vein-csuarr^, mu6Bcone, Bilrsrone, ckerc, conZlomerace,
aci6 iZneouB rocks, 2N<l une bioclc ok peZM2tite conraininZ Z2lena anci p/lite
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was seen. Faint stratification, represented by the parallel orientation of small
pebbles, is sometimes depressed under large blodcs, suggesting that they have
been dropped in from above. In Bome p!aceB rkere is evidence of reworking
by currents.

Lateral variation of the succession in the east of the area

rke norrkern margin ok tke niain outcrop ok rke VeBtertana (^roup,

the Older Sandstone Series rocks form steep cliffs and the boundary between
the Older 3an6Btone 3«ieB and the Vezterrana Group is often obscured by
ysuart^ire BcreeB. The de6rocic is Been in oniv a few places.

West of Hanglefjell the two tillite formations are seen with the Nyborg
Formation at the most only 15 metres thick. The succession in this part is
thus similar to that seen in the west ok the area near the Tana River but the
units are essentially thinner and there is evidence ok much tectonic crumpling
ok rke r>eciB.

5 icilometreB to tke eaBt tke koilowinZ BucceBBion occulB

The r^vo tiliite kolmationB and poBBiblv the Nyborg Formation appeal to be

abBenr. I^sone of tkeBe kormationB v^aB kound at any place further to the east.
Their absence could be explained by structural dislocations similar to the
reverse faults in the west of the area. However, the present authors favour a
stratigraphical explanation and believe the Lower Tillite and Nyborg Forma
tions have been removed by a pre-Upper Tillite unconformity; the evident
thinning of the tillites and Nyborg (the latter with no facies change) point
to this conclusion. The Upper Tillite Formation itself, which sometimes shows
shallow-water features, was eroded prior to the deposition of the Stappogiedde
Formation due to the shallowing ok the basin or the existence ok land in this
reZion irnme6iatelv akter tne 6epoBition ok tne Dpper 'liliite.

Ir i8tnouZnc tnat tne unconkarmitv i8oniv a local keature. In tne weBt ok
tne area rke contacc bet^veen anci lipper 'liliite lorlnationB i8Kra6a

tional, BuZZestinZ tkac rkere i8no unconkormirv in tkiB reZion.

Stappogiedde Formation.
Following the terminology ok Reading (1965) this is divided into three

members:

4. Blue-green and red-violet slate member over 200 m.

3. Purple mudstones (Nyborg Formation?) 15 m.
2. Laminated Zre^ sllt^ 82,n<^5tane Bln.

1. White quartzites of Older Sandstone Series over 100 m.
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3. Ke6 82n65tone8 Zrex^vaclce 82N<i3tone8 an 6mu6sconeB
2. Liue-Zreen an6re6-violet Biare.
1. (^uarr-iric Ban6Btone3*).

1. Quartzitic sandstone member: This outcrops frequently in the western part
of the area but was not Been in the east. Its rkic!cneB3 varieB ilreZuiariv
from 5-55 metres. It con3isrB of massive grey orthoquartzites, 2-8 merreB rkiclc,
alternarinZ xvirn tnin-be66e6 litkic Ban6BtoneB and BiltBtoneB. Medium-scale
cross-bedding is common. The upper part shows increasing amounts of fine
material and grades up into the overlying member.
2. Blue-green and red-violet slate member. This is at least 250-300 metres
thick. A thickness of 550 niecroB waB calculate6 for the eaBtern part of the
area but rniB apparent increaBe 18 prodadly 6ue ro un6etecce6 kol6inZ.

'lne lo^ver 10-100 rnetreB are 6arl< purpie rnu6BconeB, in tke norrk,

one band of white orthoquartzite 1.7 metres thick. Bands of light-green occur
within the purple and are back parallel and transverse to the bedding, sugges-
ting Po3t-6epoBitional re6uction ok rke kerric ro kerrouB iron.

'lke upper parr ok rke rnemder conBiBtB ok blue-Zreen or Zrey rnu6stoneB

containinZ larninae an6rkin lenBez ok BiltBtone. 3.ippleB and ckannelB occul,

rke ckannelB beinZ kille6 >virk mu66^ BiltBtoneB zirnilar co rke Be6iment3 rkey

cut. The highest horizons decorne finer and purple rnu6BtoneB again occur.
Red quartzitic sandstone T^e^^e^i IkiB conBiBtB ok rkree r>an6B of red

csuarr^iric san6Brone Beparare6 b^ Nyo ban<iB ok Zre^vaclce Ban6BtoneB >vitk
rnu63tone alrernationB. 'lke local rkiclcneBB 18 denveen 250 an62)0 rnerreB.

Ike b2BeB ok tke b2n6B ok Zre^2clce 82n65tone8 an6rnu6BroneB 2le abrupt.

The greywacke sandstones occur as thin (10-14 cm.) graded beds with sharp
bases, and are interbedded with silty mudstones. Horizontal and vertical
burrows are present. The greywacke sandstones become thicker and the ratio
of sandstones to mudstones increases towards the rop of the bands. The transi

*) The sandstone terminology of this paper follows Pettijohn (1957) with the addi-
tion tkat "<M2lt2itic 82n65tone" is a bulk term incluciinZ botk c>rttic>qu2rt2ices and
lithic sandstones.

3rd red quartzitic sandstone — 12 metres
Greywacke 82n68wne8 and mu6BwneB 30— 40 metleB

2nd red quartzitic sandstone 30— 40 merreB

Greywacke sandstones and mudstones 45— 55 metres
Ist red quartzitic sandstone 80—100 merreB
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rion inro the overl/inZ red c^uart^iric 32nd3tone is lithologically gradual although
the actual colour-change is usually abrupt. However, on the west side of the
t^2N2elven vallev rkere is 2c the base of the Ist red quartzitic sandstone a massive
pale-grey orthoquartzite, 1.5-3-0 metres thick, overlying siltstones; rkiß is found
onl/ in ckiz valle/ and a liuviarile oriZin is suggested. Similar massive "white"
quartzites occur more widely near the base of the second red quartzitic sand
stone and at the top of the third, where a 3-4 metre bed forms a distinctive
mapping horizon. In general the red quartzitic sandstone bands consist of red
orthoquartzites and lithic sandstones with a small proportion of mica and
decomposed felspar grains. Channels, medium-scale cross-bedding and ripple
marked surfaces are present.

The member thus shows a succession of coarsening-upward cycles. Each
cycle begins with silty mudstones and greywacke sandstone alternations, the
latter becoming thicker and more abundant up^vard. I^ieze pass Zraduaii/ into
the red cluart^itic BandBtone ban(iB wkicn contain littie line-Zrained material.
There is a sharp base beneath the succeeding cycle.

Breivik Formation.

Rocks of this formation are stratigraphically the highest beds seen in the
Leirpollen area. 'lne/ conBiBt of rnediulli-Zrained lirnic BancisroneB, orrno
<zu2lt^ireB and greywacke Ban6Btone3, all inrerrieddeci wirn Bilrv muciBconeB.
The lithic sandstones and orthoquartzites occur as parallel-sided units 5-200
centimetres thick and showing cross-stratification and scoured bases. The grey
wacke sandstones occur 28 thin graded units 2-10 centrimetres thick with
sharp, occasionally conglomeratic, bases and abundant horizontal burrows.

Reading (1965) has divided the formation into two members bur probably
only the larver mernber occulB nere since the characteristic Upper Breivik
Member litnoloZv of the DiZerrriul ok rnin rnudBtones 2nd greywacke sand
stones, without lithic sandstones and orthoquartzites, is absent. In addition the
lN2xirnum observed thickness i8 only 230 metres, compared with 220-255
metres for the Lower Breivik Member on the Digermul.

Structure

'lne major Brrucrul2i elementB consiBt ok pitcninZ koldB wirn varvinZ 2xi2l

direccionz. In tne 3ontn-west tne 2xeB trend I^ne3e cn2NZe to
BV^ in tne e2Bt and norck, xvnile in tne excreme nortn-e2Bt ok tke 2rea tke trend

ok tke steeplv dippinZ roc^cB adMcenr t« tke Older 32nd8tone 3erieB 2ppealB to
be >lV^-BL. IntenBitv ok rke koldinZ incre2Bes ro^2rdB rke xveBt xvkere koldB

are okren 28xnilnecric2i, wirk 2xial pl2ne3 dippinZ In rke region ok
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caerro the beds are practically horizontal. Much minor folding occurs in the
Stappogiedde Formation in the west of the area.

Three large reverse faults occur in the area of greatest deformation. They
follow the trends ok the folds and are thought to be contemporaneous with
them. The two western examples, on the river-cliffs of the Tana and at Lav
vonjargga may possibly be the same fauk; in botn these cases the Older Sand
stone Series is brought up against overturned younger rocks. In all cases the
fault-planes dip in a westerly direction. Small reverse faults are found in the
noses of some minor folds, where sandstone beds have deformed by fracturing
out adjacent fine-grained beds show plastic deformation.

Normal faults are fairly common throughout the area and generally have an
E-W trend. However, in most cases the throws are too small to justify their
representation on the map.

Flow cleavage, increasing westwards» was found to be parallel to the major
and minor fold axes.

Geomorphology

In the north of the area the Older Sandstone Series rocks form high hills,
up to 600 metres high, coveret with a surface of bare rock and screes. The
Vestertana Group underlies lower ground to the south, where an extensive
plateau surface occurs at 340-380 metres. this is deeply dissected by wooded
valleys. In the north-flowing Julelven tributaries there is a striking correlation
between anticlines and stream valleys.

The whole area shows abundant evidence of the action of land-ice in the

recent past; overdeepened valleys, with hanging tributaries, and large erratic
blocks of tillite and crystalline rocks, the latter derived from the Precambrian
basement in the south, are common. Drumlins are found on Hanglefjell. Many
valleys on the plateau are dry, or only carry Bnow melt-water in the early
summer.

Deep inciBion ot va!le^B, terraceB ar many leveiB an<! raiBe6 beacnes above

me kiorci appear to in6icate ckac a larZe lowerinZ ok baBe-level tne rnoBt
recent ZeoioZical evenr in me area.

Conclusion

'lne Leirpollen area 8k«w8 a Bucceßßion ok claßric Be6iinentß 11)9 rnerres

tkiclc. 'lke lo^veßt 250 metreß cornpriße tne upper part ok tke 016er 3ancißHone

3erie3. lde remain6er i8in rke Veßtertana (^roup, place6 in me Nocambrian
by V.ea6inZ (1y6)) vv^ko, kowever 6ißcußßeß, (pp. 186-187) rke poßßibiliry rkat
tke upperlnoßr porrion, tke Lreivilc kormaiion, mav de ok I.ower darnbrian aZe.
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Ike Vestertana (?roup can be correlate^ in detail >virk tke succession 6escribe<^
by 3.ea6inZ (196)) krom tke DiZerinul ?eninsula.

Two tillite formations were found in tke area. NE of Leirpollen a thin
typical Nyborg lithology was found between two tillite horizons. The tillite
by the Leirpollen Bridge is considered to be the Upper Tillite. Two faulted
tillite horizons are present in the extreme west of the area and in the extensive
but hitherto unrecorded exposure in the upper Hanaelven valley. Reading
(1965) accepts a marine glacial origin for the tillites on the evidence of litho
loZy, lateral extenc and conFtancy of the Nvo tillire nori^ons. The licnoloZical
evidence from the Leirpollen area supports tnis vie^. However, in the east of
the area unconkorrriities benearn born tillites and removal of the Upper Tillite
by a possible unconformity beneath the Stappogiedde Formation suggest that
the margin of the basin lay in this area, and that erosion alternated with
periods of deposition.

'lke kormation (99 rnetres) is tninner tnan in me cenrre ok rlie
'låna 6istrict a rnininiurn ok 200 rnecres xvas recorcie6, an<l in me Leir

pollen area no turbiciites v^ere toun6 in tnis lorrnation.
The Stappogiedde Formation (500-600 metres) shows a considerable in

crease in thickness compared to the Digermul area where ir totals 330-475
metres. The increase is in the two upper members of the formation. The basal
member of the Stappogiedde Formation contains shallow-water quartzites and
conglomerates, but quiet water conditions seem to have prevailed during the
deposition of the blue-green and red-violet slate member. The topmost member
of the formation contains three bands of red quartzitic sandstones with many
snallo^v-^ater keatures, alternating with greywacke-sandstones and mudstones
in a series ok coarsening-upwards cycles.

'lke Lreivilc korniation, consisrinZ ok Zrev^vaclce-zan6Btones, c^uart^ites an6
mu63toneB outcropB extensivelv in snallow svnclines un6erlvinZ rnoBt ok tne
nign Zroun<l in me soutk.

'lke Zrevwaclie-sancistones in tne 3tappoZie66e an6Lreivilc korrnarions rnav
kave been 6eposite6 by turbiciitv currents, bur tne closelv 288ociare6 orrno-

anci litnic san^srones probablv cieposire^ by traction currencs.
I^e basin ok 6epoBirion was cnus probably ezsenriallv skallom, bur occaZionaliv
becarne 6eeper, allowing 6eposition ok kine-graine6 Be6irnentB an 6turbi6ites.

durrent 6irections in tne Zrev^vaclce-sancistolies ok tne 3tappoZie6<le korrnarion
Bnow a 3outn to nortn rnovernenr, bur are more variable in tne red c^uarc^iric
82n63tone8.

I'race-koBBilB are cornrnon in tne niZner kolrnationB. I^iev kilBt occur in rke

blue-Zreon an<l recl-violer slate rnember anci increase in abun^ance upwarcis.
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No body fossils were found. The oldest fossils found in the Digermul succes
sion are of Lower dambrian age. They occur in the Duolbasgaissa Formation
of the Digermul Group, about 700 merreB above the niZne3r horizon mapped
in rne Leirpollen area.

The structural history is similar to that on the Digermul, dur over the
greater part of the area deformation is less intense. It comprises folding along
KIKsL-83V^ g,xez, >vitn conteniporaneouz leverze-kauirinZ or tniuzrinZ in the
west. There was a later episode of minor normal faulting along E-W lines.
Dating of these events is impossible due to the absence of younger rocks.

The investigation has shown that the map ok Rosendahl (1945) is substan
tially correct. Nevertheless, there are important modifications: Rosendahl was
of the opinion that only ane tillite occurred at Leirpollen, bur two were found.
Only one red quartzite sandstone was recorded from the area by Rosendahl bur
three have now been proved as on the Digermul. The Breivik Formation out
cropB more extensively than is shown on RosendahPs map; the white quartzite
detritus on Annecaerro is considered to be derived from rniB formation, and

not from the DuoldaBZaiBBa Formation 28 suggested by Rosendahl.

SAMMENDRAG

De geologiske forhold i Leirpollen-området, Tanafjord, Finnmark.

LerZArnnnen i ornra^er ornlcrinZ Leirpollen beBtar av Ban6Breiner, lliorene-
IconZlorneracer (cilliccer) oZ leilBceiner. Karbonac-berZarcer (^olornirc) er BvZeir

Bjeltlne oZ 6ec kinneB il<!lce vullcanBlce derZarrer i omrader. LaZrelclcen er i orn
ra6er i air 11)0 m rvlclc. Oen er en 6el av 6e Be6irnencberZ2lter Bom korelcornmer

pa BrrelcninZen kra VaranZernaiv^va over 'låna, LalcBekjor6vi66a oZ videre ril
8V kor ?orBanZerkjor6en.

Oen laveBte 6elen av laZrelclien i Leirpollen-ornrader, ornlcrinZ 2)0 ni, n^rer
ril 6en Balcalre "el6re san6BteinBiaZrelclce". Oen n^rer i al6er ril vnZBte pre

kambrium, 6en el6re Ban<isteinBiaZrelclce oZ 6en z^vre 6el av laZrelclcen

er 6ec er bru6<l Born repreBenrerer en eroBionsperio6^.

Oen zsvre 6elen, Born altBa er ornlcrinZ 900 m rvlclc, Bvarer ril 6en 6el av

laZrelclcen som It. l^. kar Icalr VeBteirana Zruppen i Bin beBlcriveiBe av
berZarrene pa OiZerlnuinaivjsva veBt kor 'lanakjorcien (196)). VeBtelr2na-Zrup

pen er inn6elc i ) formasjoner, nemliZ (nedenkra og oppover): Llncire rillirr,

I<syborZ-kolmaBjonen, jZvre rillicr, BcappoZie6<ie kormaBionen oZ Lreivilc-kor

masjonen. 6en BiBcnevnre kormaBjonen er «mlcrinZ 230 m repleBentert i
Leirpollen-omracier, 6.v.8. ca. nalvparren av Lreivilc kolma3jonen i OiZermul
nalvsiiva. Oec ZeoloZi3lce ri63lom Bom VeBrerrana-Zruppen n^rer ril, Icallez
eolcambrium, som lcan oversettes me6"Icambriumz 6emrinZ".
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3por erter Icrvpende eller gravende OlganiBmer i lorm av nori3ont2le og

verrilcale r^rlormede dannelger i bergstigene, er i Leirpollen-omradec lunner

lra og med Brappogiedde-kormasjonen og oppover. sporene blir mer og rner

tallrilce oppover i lagrelclcen. Ingen restei av org2ni3mene selv, 2lt3a egentlige

soBsiler, ble lunner der.

De ro tillittlormaBionene innenolder bloldcer av grunnljell og av dolomirc.

regner med at tillitrene er dannet ved at blomene er kaie n«i kra llvrende

is. 3i6en der er w tililttlorrna^oner, rna en reZne rne6 ro iBtitiBperio6er.

Mellom de to tillittformasjonene ligger Nyborg-formasjonen som i Leir
pollen-området er opptil 90 m tykk. Den består av skifrig rød leirstein og
moleir-stein. Det synes å ha vært et brudd i lagrekken mellom den øverste
delen av Nyborg-formasjonen og øvre tillitt.

Stappogiedde-formasjonen begynner med 40 m kvartsittisk sandstein.
Derover følger 300 m blågrønn og rødfiolett leirstein og moleir-stein med
noen få sandsteinsbenker i. Det øverste ledd i Stappogiedde-formasjonen er
omkring 240 m tykt, det består av en veksling av rød kvartsittisk sandstein og
mer gråaktige sandsteiner og leirstein.

Llelvilc-lollnaBjonen er som l^lr nevnt bare 6en un6re kaivparc repre-

Benrert i ornra6et. Den er I<alaicreliBerc ve6en sterlc ve!cBiinZ av c>Z

an6re siagB 3an6steiner oZ av leilBteiner.

Bergartene i området er blitt foldet under den kaledonske fjellkj "e-dan
nelse. Foldenes retning er fra SV til NØ. Graden av deformasjon øke- iot V
i området, der en kan se skjeve folder som er veltet over, og hvor ¦ ; også
har skjedd forkastninger med store oppskyvninger. Mindre forkastni øeve
gelser langs linjer som går i retning V-0, har også forekommet.

Den endelige utformning av landskapet er skjedd under og etter rtær
tidens istider, altså i en geologisk sett meget sen periode av jordh urlen.
Virkningen har vært til dels nedsliting av berggrunnen pa grunn av ismassenes
bevegelse, og dels en avleiring av løse jordlag — morenemateriale og elve
avsetninger — som nå dekker berggrunnen i større eller mindre grad.
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Geological investigations in the Snåsa—Lurudal

David Roberts.

Abstract.

Metasediments and meta-vokanic rocks of supposed Middle Ordovician age
overi^inZ a basement complex consisting predominantly of granite-gneisses, are
described from an area near the north-eastern end of the lake Snåsavatn.

A generalised succession (in ascending order) of mica schists, phyllite, lime
stone and greenstones with greenschist and pyroclastics has been recognized.
Observations of the basement gneisses and their relation to the mica schists
ili6icare ckac >vkile a local concor^ance of l)an6inZ is common, on a regional
scale a very slight discordance would appear to exist, the various evidence
favouring rkiB as beinZ a primary feature.

A rrip2rrire 6iviBion of the M2in d2ie6oni2li 6ekollN2tioii is recognisable and
the various minor structures are briefly described. Minor folds of the second
generation are found to be of considerable value in positioning the axial plane
traces of associated major folds.

Introduction.

The area under coNBl6el2tion is Birrl2te6 on the SW flank of the Grong
culmination at the northern extremity of the Trondheim region, in the tract
ok ground between the NE corner of Snåsavatn and the valley of the Lurv
river, an areal extent of some 180 km2. Metasediments and meta-volcanic rocks
of the Snåsa Group are preserved in 2 major synclinal structure, the so-called
Snåisa syncline (Carstens 1956). A granite-gneiss basement complex forms
the north-western limit of the mapped area while similar rocks occur as 2
wedge-shaped outcrop on Kolåsfjell widening north-eastwards beyond Luru
dal (Plate I).

Although no work dealing specifically with this particular area has been
published, information either directly or indirectly relating to the geology
immediately NE of Snåsavatn can be found in the papers of Carstens (1955,
1956), Oftedahl (1955, 1964), Birkeland (1958) and Peacey (1964). Carstens'

area, Nord-Trøndelag
By
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(1956) paper contains a large-scale map of the iron-ore district from Snåsa
to Stjørna, the map terminating in tke Snåsa-Kolåsfjell area. The present area
lies partly on Foslie's 1 : 100,000 map-sheet "Sanddøla", published by NGU
(no description available), but largely on the 1 : 100,000 rectangle Bkeet Over
halla; only the eaßtern part of rke latter has 50 far keen mappe6 (S. Foslie
and H. Carstens manuscript map, NGU archives).

Fieldwork for the present study was carried out for Norges Geologiske
Undersøkelse (The Geological Survey of Norway) in the summer of 1964 at
the suggestion of statsgeolog Fr. Chr. Wolff, and xvaB inren6e6 as a conrriburion
rowar^Z the coinpiiarion of the new inap-Bkeer Grong, gnorriy to be publiBne6
on a scale of 1 : 250,000 by NGU. parriy on accounr of bad weather and
partly because time was spent in the Sanddøla valley area examining the
I.ilQinZeN'3an66^la and LaBrern Cambro-Silurian Series, field mapping was
restricted to less than 8 weeks. Field expenses were very kindly defrayed by
Norges Geologiske Undersøkelse. Prior to commencing the work, mapping
problems were described to the writer in considerable detail by Dr. Janet
Peacey: for rkiB valued advice, and the constant help and support given by
statsgeolog Wolff, the slirer is extremely grateful.

Geological setting.
The northern limit of the Trondheim region of Cambro-Silurian eugeosyn

clinal sediments is marked by the east-west ridge of Pre-Cambrian gneissic
rocks referred to as the Grong culmination (Oftedahl 1955) — this, in effect,
is the ridge connecting Asklund's (1955) 'Olden-Anticline' and 'West Nor
wegian basement rocks'. Part of this basement ridge has been called the
'Olden nappe'.

lo rke norrk ok rke (^rong culininarion Lo^ver ?alXo2oic euZeoBynclinal
Be6iinenr« conrinue a8rke kacieB (3cran6 1960, 1961), an6are 6iB-

Becre6 by Bevelal rkluBt planeB an6nappeB ok tke 3eve nappe i 8rke
inoBr exrenBive. dalnblo-3ilurian Be6inientB ok rke 'lron^keiin reZion

rkemBelveB conBtitute parr ok rkiB 3eve nappe can kere be Bub6ivi6e6
inro rke inain Beve nappe an6an upper nappe, rke latter recoZniBe6 by ?eacey
(1964) in rke - lieZBi^kiell region. Ir i8more rkan probable rkar
rke bulle ok rke 'lroncikeiin reZion liieraBe6ilnentB belonZ ro ckiB upper nappe
(^oltt 1967, R.oberrB 196?), Bince itB rkru3r plane i8rraceable 6o^vn to tke
Boutk ok tkiB reZion; in tkiB reZarci, KaB BuZZeBte6 tkat rke nanie
*Iron6neini nappe' be a6opre6 kor rkiB 2llocktkonouB lnet2Be6irnentary pile.

an6volcanic rocl(8 ok tke 3naBa - I.uru6al area belonZ exclu-
Bively to eke main 3eve nappe, dollecrively rkey are rekerre6 to tke 3nasa
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Group, since it is possible to trace several of the lithologies of rkiB group
from the Tømmerås-Snåsavatn area described by Peacey (1964) around the
closure of the Snåsa syncline into the present area. Significant facies changes
are, however, apparent. Furthermore, as the sequence does not reach up to
the basal conglomerate of the Upper Hovin Group (Carstens 1956, 1960), the
rocks for the most part almost certainly belong to the regional Lower Hovin
Group, largeiv of Middle Or6ovician age. kraZmenrZ of Z2Btropo6s koun6 in
the Snåsa limestone (Carstens 1956, 1960) would appear to confirm this view.
The age of the mica schists below the limestone is uncertain; these rocks quite
possibly extend down into the Lower Ordovician.

While the Snåsa syncline dominates the Brrucrul2l picture in this area, two
orker less prominent major 10168 are present, mappalile larZeiv kur not enrireiv
on minor structural evidence. Both these folds and the Snåsa syncline deform
the regional schistosity or foliation. South-east of the present area two major
folds of considerable magnitude — the Tømmerås anticline and Verdal syn
form — have been described by Peacey (1964), kork deforming the prevalent
foliation and in the latter case deforming a major early isocline in the Heg
sjøfjell area.

The lithological succession.

Evidence is more or less lacking in this area for the establishment of a
chrono-stratigraphy. Just off the map in the extreme south the Steinkjer conglo
merate, the supposed base of the Lower Hovin Group, is at least 15 m thick
at Navlus (Peacey, 1964) but loses ic3 identity north-eastwards 2IONK the strike;
at Agle 2 granule conglomerate or coarse grit is thought to represent this
kori^on.

Oiklicuirv 2180 2liBeB in c2l)ui2tinA an accurare lirko-3rl2ciZr2pkic2l Bucces

3ion, prim2lilv KecauBe ok rke kacieB valiarionB encouncereci acrozg eke area.
Ir 13, neverrkeleBB, poBBible ro e3rakliBk 2 Zenel2ii2e6 lirkoioZical BucceBBion. Kso
Be6iment2lv BtrucrureB k2ve keen okBerve6 2n6 contze^uenriv rke Becsuence

i 8r>2se6 parriv on recconic Bcrucrulal evi^ence an<s P2rrlv on correlarion wirk
eke Bucce3BionB recor6e6 kv darBtenB (19)6, 1969) 2n6 ?eacev (1964). Ilke

Zenerali2e6 BucceBBion iz 25 lollo^vs:

4. (^reenBckiBrB, ZreeriBroneB 2n6 Kornklen6e BckiBrB.
3. 'lke 3n23a an<l XjenneraF lime3toneB.
2. ?kvllire; xvirk Zl2nule con^lomer2ce in rke Bourk,
1. BckiBrB.
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1. The mica schists.

These rocks, reZarded as the oldest member of the sequence, are exposed
on either side of the Kolåsfjell ridge of basement granite-gneisses and leptites
and also quite extensively in rke north-west ok the area striking NE-SW
rkrouZK Xuitjern. While the nolrk-^veBreln outcrop of mica BckiBtB is roughly
lenticular in shape due both to folding and original sedimentary variation, those
flanking the Kolåsfjell granite-gneiss are thickest in the east or north-east and
appeal to tkin out -sveBNvar6B, eventuaii^ wedging out alto^orker 80 tkac
Zreen3cnlBtB come to lie adjacent to the gneisses.

Typically, this litnolo^? is a grey or brownish grey, medium-grained biotite
schist frequently containing garnet (and sometimes biotite) porphyroblasts
and displaying a rusty-brown staining along schistosity planes. Garnets are
usually small (^ 3 mm) and of variable abundance but examples have veen
found of rhombdodecahedra up to 1 cm across. Muscovite is infrequently
present though certain horizons are muscovite-rich with a corresponding lack
of garnet.

Hornblende schist bands are not uncommon particularly towards the top of
the 3cniBt Bec^uence vanere the boundary with the greenschist (where phyllite
and marble are absent) is often quite graditional. In considering the strike
extent of the mica BckiBt from Troldvatn to I^uruciai, a ZeneraliTarion is that
the amount of amphibole decreases towards the north-east. At the same time
garnet 18 generally more profusc : n the east and north-east, but boch this
variation and tnar of the ampnioole may be merely a reflection of original
sedimentary character rather than metamorphic gråde.

Thin graphitic phyllite bands sometimes weathering a sulphurous yellow
colour are occasionally present in these schists. Bands ok iron ore (pyrite and
magnetite) occur sporadically but one 15 m thick ore horizon in the extreme
north-east (Lurudal) is noteworthy. Other lithological variants include thin
limestone and calcareous schist horizons E and NE ok Kultjern and tuffitic or
quartz-keratophyre bands — together with biotite-amphibole schist — in the
vicinity of Kultjern. Tectonic inclusions of limestone are also distinguishable.
In the basal part of the mica schists psammitic or quartz schist intercalations
are present locally.

A notable feature ok the schists, moreso in the north-west of the area, is
their gradual induration and changing character towards the basement gneiss.
The schist invariably becomes finer grained and massive or flaggy towards its
base with micaceous leptite bands appearing, at first sporadically but becoming
proZreßßivelx more common, unril the litkoloZv is largely a fine-grained grey
or pink-grey leptite or micaceous leptite. Lut even the more massive leptitic
rock-type contains many intercalations of fine-grained biotite schist or amphi
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bole schist, so that rne field mapping of cniz transkional lithology can be
somewhat frustrating. Although the precise origin of leptites and micaceous
leptites N2B been the subject of much debafe, the field evidence in this area
would 2Mear to rioinr to a sedimentary derivation for at least the micaceous
leptites. This is in agreeance with Peacey's (1964) suggested origin for the
micaceous leptites of the Tømmerås area.

l)u2lt^ veinlerB and BeZlegatioNs, akten boudined, are übiquitous in these
mica BcniztB throughout the northern and north-eastern parts of the area. These
are invarably parallel to the dominant schistosity but are deformed by later
iol6B. It is tkouZnr probadle tnar mucn of ckiz c^ualt^ is of metamorphic
BeZreZarory oriZin and as such is of fairly local derivation. On the northern
border of the Kolåsfjell granite-gneiss, pegmatitic and granitic streaks, segre
gations and diffuse lenticles are present in the schist, again paralleling the
recognisable banding and schistosity but deformed by second generation
structures, such that an origin concomitant with the main foliation and meta
morpniBm Beeir>3 evident. ktoreover, the Zrearer part ok rniB granitic material
appears to be of replacive origin.

2. Phyllite.
This member of the sequence crops out in the south-eastern part of the

area both N and NE ok Sjysjøen and farther south beneath the Snåsa limestone
in the Agle 6iBtlicc, on the norrnern and Bourneln limbB of the Snåsa Byncline
respecrively. On ko3iie'B "3an66zsla" map the Bourkern outcrop of pnMire
extends north-eastwards from Agle for some 13 km uncil the parrern ok out
crop BuZZe3tB rne preBence of a major fold clo3ure. The pnMire ourcrop is
then severed by an apparent tectonic break (trending ca. 060-065°), re-appear
ing some 4 km to the south-west on the north side of this line. The present
writer, agreeing with Peacey's (1964) aBBuinption, reZar6B tniz line ok dis
conrinuiry as a fauk.

As a 6iBtincrive litkoioZy the pnyllire i8 a Zrey biocire-inuBcovire pnyllice
krec^uenriy conraininZ conBpicuouB pyrice xvirk or '«vitnouc inaZnerite. It is
Bometiir>e3 of ZreeniBn Zrey colour moreBO xvnere it grades into the typical
ZreenBcniBt. Quite okten, where the Zrain Bi^e is BiiZnrly larver, it is best
described as 2 phyllitic schist, but all gradations from phyllite into the under-
lying mica schist can be found. On the south side ok the Snåsa syncline, the
phyllite is generally darker grey and graphitic; thin limestone and quartzitic
ribs are sometimes present.

Borne 30-50 m beio^v tne baBe ok tne 3naB2 limestone, tne pnyiiite

conrainB 2 6i3rincrive zcniBtoBe Zranule con^iornerare. Diklicuicy ariBeB in
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choosing a nåme for rni3 rock-type, moreso as particle size varies across the
strike. Where particles, closely packed and constituting the bulk of the rock,
are always less than 3 mm across, it can be 6eBcribe6 as a schistose grit bur
such a size restriction is uncommon since particles in many bands measure up
to 5 or 6 mm and sporadic pebbles of greenstone up to 3 cm are present. In
view of this variation a middle course has been chosen and Twenhofers (1950)
term 'granule conglomerate' adopted for the lithology of this horizon.

Particles conBiBt mainiy of a blue or bluish feldspar, white quartz and pale
grey quartzite with subordinate fragments of greenstone, greenschist and,
l2rel^, jasper. I.2lZer pebbleB 2l^v2^B 2ppe2l to be of ZreenBtone or a similar
BckiBroBS 2mpnibolicic rock-type. IniB is very inceregtinZ Bince it indicates that
the sequence from which the pebbles were derived - the Støren Group - was
probably soméwhat metamorphosed prior to the deposition of the conglome
rate. The M2rrix is norm2ily 2 6211c pn^llire or BckiBt. Although 2 three
dimensional study of the various particles was not attempted on account ok
the puverr^ ok expoBure, a BcreccninZ 6irecrion is perceptible which is oblique
to the trend of local minor folds. These small folds, varying from microfolds
up to srlucrureB of 3 m wavelength and amplitude, deform the regional
schistosity and also appear to post-date the particle lineation: the fold axes
plunge towards 260° -270° wnere23 the line2tion of small kr2ZmentB is towards
OsO°-O6O°. On the other hand, 2 transverse Becrion rnouZK these minor folds
often shows ca. 60-70 % ok particles flattened parallel to the axial planes —
yet the orientation of particle c-axes does nor accord with that ok the fold axes.

Nearer the boundary with the main limestone in this same small area, a
calcareous schist is found to contain intercalated psammitic ribs which have
frequently been sheared and dissected into lenticular or discoidal fragments.
At times rniB lirkoioZx reBembleB a niZniy recroni^e6 conZlomer2te rnouZK it
is clearly not of primary origin. Some 4 km further NE along the strike, due
south from 3iyBjPjen, a calc-phyllitic schist contains many thin quartzitic ribs,
there only partially disrupted by shearing.

V.erulninZ to the Zl2nule conZlomel2re, ir is almost certain that this litho-
IoA? i8 the strike continuation of the Steinkjer conglomerate which is so well
developed further south-west. A gradual thinning, together with important
facies changes accounts for the character of the lithology at Agle (here more
of 2 co2lBe Zlir cn2n 2 true conglomerate).

About 2 km north-east from the Agle occurrence along the same strati-
Zl2pnic2i nori^on, a rather poor exposure of gravelly phyllite has been observed.
The P2rricle? nere are of quartzite and greenstone. Many pseudo-pebbles of
quartz are present, these håving originated tectonically by shearing and rotation.
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This above-mentioned gravelly phyllite would appear to be the last vestige
of rke Steinkjer conglomerate when the latter is traced north-eastwards on
the southern limb of the Snåsa syncline. No lithology resembling either a
true conglomerate or a granule conglomerate as that described from Agle has
been found on rke northern limb of the syncline. However, two localities
situated some 800 m apart just below the limestone in the vicinity of Kolås
tjern display interesting features which are suggestive of 2 possible correlation
with the Steinkjer conglomerate horizon. Both these exposures are of greenish
grey schist which contains scattered but fairly abundant drawn-out fragments,
granules or very small pebbles ok either greenstone or a pale grey psammitic
rock-type: these are up to 5 mm across. While the phyllitic member ok the
sequence is absent hereabouts it is significant that the stratigraphical position
of these granule-bearing schists corresponds quite favourably with that of the
Steinkjer conglomerate. Considering the facies variations inherent in this
conglomeratic horizon on the southern limb of the Snåsa syncline, correlation
of rne Kolåstjern granule-bearing schist with the Steinkjer conglomerate is,
therefore, not too improbable a suggestion.

3. The limestones.

The Snåsa limestone occurs on the southern border of the mapped area
trending ENE towards Agle and becoming progressively thinner. Beyond Agle
this limestone thins gradually; on Foslie's "Sanddøla" map it disappears due
east of Sjysjøen.

A second major limestone outcrop is that in the vicinity of the farm
Kjennerås, south-east of Kultjern. The rapidly varying thickness ok this lime
stone i8 partly primary but largely ascribed to tectonic causes. Whereas to the
south-west ok Kjennerås this limestone extends into Aadalen beyond Trold
vatn, it thins out quite rapidly north-eastwards. Other thinner bands of lime
stone (up to 60 m thick) occur prominently within the greenstone-greenschist
sequence.

Since the position of the Kjennerås limestone in relation to the mica schist
and greenstone-greenschist members of the sequence i8 more or less identical
to that of the Snåsa limestone in the Snåsa-Agle area, correlation of these two
limestones seems highly probable and rklB assumption l8 supported by litho
logical similarities. Both are fairly well-banded, blue-grey, recrystallized lime
stones often containing thin dark grey or dark blue stringers of graphitic
pkMite giving the rock a striped appearance. Finely disseminated pyrite may
be observed. The boundaries of the limestone are frequently gradational into
the adjacent schists, either through progressive increase ok pelite content or
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altelnarionB ok limeBtone an6BckiBt cannot be in6icate6 on tke pre3enr

map. V^irkin relarivelv skolr 6iBtanceB alonZ tke Btlilce, litkological variacion3
are perceptible, rke3e clearlv beinZ ok a primarv narure. Ksear XienneraB larm
rke limeBtone i 8locallv coarBelv crvzralline an6poorlv ban<le6.

Lithological facies variations are indeed of appreciable importance in this
part ok Nord-Trøndelag, not least in a consideration of the geology of this
Snåsa - Lurudal area. Peacey's (1964) remarks concerning the Snåsa limestone
can perhaps be quoted here — "... the limestone itself is certainly diachronous
Bince near Kvam ir occupie3 the wnoie Bpan of the Lo^ver Hovin Group as
delimited by the Steinkjer and the polygenous Middle Ordovician conglomerates,
whilst north-east along the strike it thins to nothing and its place is tåken by
greenschists and amphibolites".

4. The greenschists, greenstones and hornblende schists.
This member of the sequence constitutes the greater part of the Snåsa

synclinal basin, also extending north-eastwards to beyond Flåtjern. The lirka
logy is, for the most part, a green or pale greyish-green, poorly schistose rock
though with a pronounce6 linear element always noticeable in the field. Where
a schistosity is pervasive the rock-type can be rekerre6 to 28 a greenschist;
otker>viBe> greenBcone is tke accepte6 terminoloZy. At times tke lirkolo^v is
massive and essentially a tuffitic greenstone but all transitions to quartz
keratophyres, rhyolite tuffs and keratophyre - aZZlomerate appeal to be present,
though not common. On the map (Plate I) only the more prominent tuffaceous
or keratophyric bands have been indicated.

Towards Troldvatn and in a belt north-eastwards ro beyond Flåtjern the
lithology is more of a hornblende schist or mixed hornblende schist - green
schist than rke typical greenstone - greenschist. Hornblende is certainly the
predominant porphyroblastic mineral in this northern area and intercalated
bands of hornblende-garbenschiefer are mappable with amphibole up to 16 cm
in lenZrk rkouZK Zenerallv cm. It is noteworthy that these garbenschiefer
horizons, many of which have had to be omitted from the map, invariably
occur close to limestone bands. In the area between the two thin but extensive
limestone bands in the central part ok the area and the wedge of basement
granite-gneiss, hornblende schist is very abundant and rkin impersistent lime
stone ribs are nor uncommon. Limestone ribs, and occasionally bands up to
several metres thickness, are also demonstrable in cke Snåsavatn area, just
above the main Snåsa limestone.

?vrite an 6ma^netite are common minerala rkrouZkour rke ZreenFtone-
ZreensckiBr Bec^uence, B«mecimeB in BeZleZarionB or rkin ore bociieB bur okren
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as disseminated crystals showing excellent cubic (police) and octane6l2l (mag
netite) form. Magnetite is usually present in quartzitic bands. Detailed de
scriptions of rne ore can be found in Carstens' 1956 paper. Epidote and quartz
epidote-calcite segregations are also present in this greenstone-greenschist;
epi6ore veinlers occur locallv. West of XolaFtjern the greenschist immediately
above the main limestone band contains abundant biotite porphyroblasts, some
up to 5 mm across.

Just to the west of Flåtjern a finely banded tuff or keratophyre can be seen
to cnanZe laterail^ inro a lubbi^ tukkicic ZleenBtone and tken inro a conspicu
ouB 2,Z^lonierace. IniB latter rock-type, and to a lesser extent the adjacent
massive rhyolite tuff, is densely net-veined with quartz and felsitic veinlets
(some of only 1 mm thickness) which stand out as ribs on the white-weathered
surface. Disoriented schist fragments up to 2:5 cm in length are present
within this pyroclastic lithology while yellow-weathering concentrations of
pyrite are not infrequent.

Evidence as to the origin of the bulk of the greenstone tends to be masked
by the metamorphism, but tuffs, tuffaceous greenstones, rhyolitic tuffs and
Icelatorin^re-2ZZloir!elateB leave no 6oul)t as to their volcanic derivation. The
typical greenschist or partially schistose greenstone is less easily accounted for.
Occurrences are found of transitions from limestone through calc-schists co
ZreenBckiBtB and even tuffaceous or keratophyric greenstone so that a sedi
ment2l^ oriZin >voul6 nere 2ppe2l inconrraverriole. The bulk of the Zreen
scni3ts and Bome of the pooll^ BcniBtoBe ZreenstoneB tnerekore riroba^iy
represent le^voilce6 lava 6erriruB. The iron-ore ban6B are 2180 2lmoBt certainl^
of se6imentar^ ori^in, bur the association ok pvrire with the r)^rocl2Btic material
near Flåtjern leads one to consider the possibility that gas exhalations connected
with the volcanism may have supplied some of the element constituting the
ore-mineral segregations, as suggested by Oftedahl (1958).

The amphibolite situated within mica schists north of the Kolåsfjell granite
gneiss i8 regarded as a meta-gabbro. In rne central parts of the body it is
typically a black to dark green, coarse-grained, garnetiferous meta-gabbro:
garnets up to 5 mm across are quite prominent. Towards its margins this
basic Bneer is more of a kine-Zraine6 BcniBtoBe ampnibolire, almoBt 2 true
schist in part, containing abundant small garnets.

3outn ok Xolask^ell, an6aZain mic2 Bcnißt, anocker ampnibolite Bneer
i5pre3enr. I'niß i8broa6lv Bimilar to tkat occurrinZ norcn ok tne Slanire-Zneißs
except rkac Zarnetß 2le noxv c^uite uncommon. rniß 2mpnibolire 13,
ar be3t, IeBB coal3e-Zraine6 rkan rke norcnern one an 6ren6B to be more
3cnißtoße. Deßpire tkeße 6ikkerence3 ic woul6 appear rn2t tne nyo 2Mpnibolireß
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are relate6 an6c^uite tea3ibly repreßenr BeZm^nts ok an oriZin2ilv more extenßive

an6Poßsiblv continuouß Zabbroic inrrußive skeer. 'lke Bcrucwral evi6ence kor
rkiß poinr ok view is preßente6 later.

The basement complex.

Rocks of this group, which underlie the metasediments and volcanics of the
Snåsa 3erieB, are larZel^ of Zl2nitic composirion and have been reZ2l6e6 by
various authors as being of Pre-Cambrian age. As can be seen from the map
(Plate I), basement rocks occur in two separate areas. On tracing these occur
rences in a general easterly direction onto Foslie's Sanddøla map-sheet, they
are found to link up into one extensive area ok 'gneissic granite'. This broad
E-W belt of granitic rocks forms part ok the Grong culmination and while the
larver part of this belongs to the so-called Olden nappe, a marginal zone is
referable to the Seve nappe.

On the present Snåsa - Lurudal map no distinction is made between rocks
ok these two tectonic units. In the time available, and since investigations were
purposely and basically concerned with the Cambro-Silurian sequence, little
work has been attempted on the basement rocks.

l^lanite-ZneiBB is the most widespread rock-type occurring in this basement
complex. Typically ir is a pink or greyish pink, medium- to coarse-grained
gneiss of granitic character. Feldspars are often prominent 25 porphyroblasts
xvirk biorire as the chief mafic mineral. Some zones ok granite-gneiss are
muscovite-rich and are correspondingly whiter in colour.

(^r2in Bi2e i 8 Bomerimes obBerve6 ro be extremeiv V2ri2ble. rke

UrkoloZv 18 ok kiner Zl2in, it i3okren 6ikkiculr to 6ikkerentiate bec^veen a Zneiss
an6a leprire, moreBo >vkere Zl262cionB occur.

ZneisB i8not2ble oniv to tke norrk-ea3t ok Xo1a8k)e11 in I>nru6alen.
In one locaiiry ke168p213 (ckiekiv microciine) up ro 6 cm in lengrk xvere ob3erve6

bur rkiB i 8c^uire exceprion2i 28 moBt polpk^robla3tB rarely excee6 I's-2 cm.
Orowrk ok Becon6ary kel6Bpar ren6B ro k2ve been c^uire irreZul2l in 6iBtribution

2n6 porpkyrobi2Btic ke163p218 2180 occur spol26ic2ilv in rke BckiBtB 26jacenr
co rke ba3emenr roclcs.

Leptire i8kere ralcen ro mean a pinlciBk Zrey, kine-Zraine6 (r2rely medium-
Zl2ine6), b2n6e6 or M2BBive roclc, consistinZ M2inlv ok kel6Bp2l 2N<i czuarr^
wirk Bubor6inare amounts ok micaB, epi6ore, garnet, Bpkene an<i Ir mav

be rarker klaZZv an 6i 3Zeneraii/ brircle an<! clo3ely kracrure6.
bioriric BtrinZer3 2re sometime3 pre3enr, parricuiarlv nearer tke overlyinZ
3ckiBrs. lepricez 2le 2130 6istinZuiskable, and Zra6ationB bork inro
true leprireB 2n6 mica Bckists k2ve 2i1e26/ been 6escribe6. kurckermore tl2n
sitionB inco ZneisBic Zr2nite are recogniBable.
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Nowhere throughout the area could any sharp contact be traced between
either granite gneiss and leptite or leptite and mica schist; a transitional
boundary is invariably present. In a railway cutting some 2.6 km north of
Lurudal Station the contact between basement rocks and mica BckiBtB is ex

cellenrly expose6. As far as dips and strikes are concerned the sequence is
conformable, the mica schists being separate^ from the leptite or leptitic
ZneiBB by a 2one of auZen Znei3B. The full Bec^uence 3no^vB a fine- or medium
grained granite-gneiss becoming perceritlbly more lepriric towards the north;
tniB is followed by a 30-35 metre thick zone of leptitic augen gneiss with
feldspars up to 1 cm across. North of this, for 3-5 merreB, kel6Bpar auZen
decome smaller and more scattered, the bulk of the rock now of darker colour
and finer gram and more of a true biorice BckiBr: tken kollows the or6in2ry
biorire scniBt but rniB i5 2130 kounci to contain spora6ic small ke!6Bpa,r por
pnylobl2Bts over a distance of at least 40 m — the exposure is then dis
conrinue6. 'lnin leprire ban^s and inrercal2rionB of nornblen6e scniBr are
present in the mica schist at this locality.

Without 2 tnorouZK perroioZical examinarion of the lepriceB it is difficult
to comment on their precise origin. Based on field criteria alone — the grada
tions into micaceous leptites and schists, local rapid alternation with indubit
adle metasediments and fairly regular 'stratification' partiel to that in the
sediments — a sedimentary origin would not appear improbable. Peacey (1964),
while purring forward argumentB for a possible volcanic interpretation, leaves
the question of their origin quite open. At this stage the present writer also
feels inclined to remain uncommitted on this question.

The basement contact.
The basement contact — the contact between the basement rocks and the

overlying Cambro-Silurian metasediments — is rarely exposed well enough for
an appraisal of its precise nature. Commonly the critical few metres of contact
are not sufficiently well exposed, or else a gradational boundary appears to
exist which quite often may be partially masked by secondary effects.

The earlier mentioned section exposed along the railway line north of Luru
dal provides the only really clear-cut profile displaying the boundary rela
tionships in rkiz, area. 'lkere, it will be recalled, the sequence from schist co
granite-gneiss i8 conformable but an augen gneiss separates these rocks:
kel6Bpar porpkyroblaßreßis is also pervasive in the Bckißtß kereabours, 80 that
the original nature of the contact cannot be states >virk any cerrainry. It is
noteworthy that augen gneiss occurs only in ckiß Lurudal area on the northern
side of the Kolåsfjell basement complex. In the coarsest type of augen gneiss.
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the Zroun<^maßß between the kel6Bpar auZen K2B an appearance not unlike
some mylonitic lithologies. From rkiß it is possible to suggest that the present
concordance between basement and cover in this particular small area is
Beconci2rv. It is necessary, however, to consider other points before generalizing
on rkiß important reiationskip.

Partially tranBitional boun6arieB between schist and leptite and leptite and
granite-gneiss have been mentioned previously. These are particularly wide in
the W and NW of the area r>nt are ol?Berve6 ei3e^vnere on 2 lesser scale.

Sharp contacts have not been found though the boundary may be located
within a distance of two or three metres. Despite this apparent concordance
nieaBUsementB of ban6inZ in botn BcniBt and ZneiBB (or ler>tire-ZneiBB) in any
one locality adjacent ro this narrow contact show interesting discrepancies.
These are quite systematic and cannot rnerekore be 6iBlniBBe6 as errors of
measurement. Seven such localities show that while strikes are broadly compar
able in schist and basement, dips of banding in the basement granitic rocks
are always steeper than in the stratigraphically overlying metasediments by
anything up to 12°. Oniv in the raii-cut locaiicv north of I.ulu6al 3tarion is
there an absolute concordance of banding. Considering the profile A-B (Fig. 3)
across the area, ik the major folds responsible for the present pattern of out
crops are unrolled until the metasediment banding is horizontal, the banding
in tke KneiBBeB i8 kound to dip Zentiv and c^uite coliBtanrlv in a south-easterly
6irecrion, rkuB BuZZeBrinZ the prexence of 2 slight, regional, primary uncon
kormirv. It muBt be BrreBBe6 rkar rkis BiiZkr 6iBconrinnirv is a regional feature
— ic K2B not been possible to place ones finger on anv angular unconformity
in the field. On studying the map (Plate I) the wedging out of the mica BckiB>r
both on the north and the south sides of the Kolåsfjell basement area cou!6
also be tåken 28 evi^ence ok a l2lZe-Bcale unconkorm2r>le relationBkip benveen
b2Bement and cover.

In recenr ve2ls 2 cerr2in 2mounr ok conrroverBv KaB surloun6ecl eke

ok rke N2ture ot rke l)23ement conract in rke 'lroncikeim reZion- rke paperB ok
Lirkelan6 (1958), okre6akl (1964 an 61965). ?eacey (1964) anci Holman
(196)) provicle 2 kair ra,nZe ok vie^vB on rkiB Bubjecr. V^kile nor ro
t2lce Bi6eB on rkiB marrer, ar leaBr nor ar rkiB BraZe, eke preBenr can oniv

poinc ro rke obselvarionB krom rkiB comparariveiv BM2II Bn2Ba-I.nruci2i 2rea,
2n6 rke conclu3ionB re2cke6 krom eke inveniZarion cannoc be 8216 co KOI6 kor
ocker parcB ot rke denrrai KsorweZian <l2le6onicleB. In 3urnm2lv, rke Balienr
kearures ok tke ba3emenc contacr in rkiB area 2re rkat, kilBrlv, ckere i 8lircle

evi6ence (excepc PosBiblv in a Bmall are2d^sX^ ok I>uru62l 3r2tion) kor eke
exi3tence ot 2 Zenerai P3eu6o-conkormirv, i.e. 2 dale6oni2N recconixeci concacc.
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3econ6lv, while the basement-cover boundary is concordant on outcrop scale,
me23urernenr3 poinr to a very Blignr 6iBcor62nce. 'lnig, rogerner wirk the i2lger
zcale XoiZH^eli gneiBs-scniBr rei2rionBnip as Been on the ni2p, would Bugge3t
that on a regional scale a very slight unconformity exist3, the impiication
being that the basement rocks were tilted very slightly (in a general south-
easterly direction) bur unfolded at the time of deposition of the sediments
and volcanics of the Snåsa Group.

These conclusions would appear to confirm, to a large extent, the findings
of Peacey (1964) from the Tømmerås area south of Snåsavatn. Moreover they
are broadly consistent with OftedahPs (1964) opinion that "the Pre-cambrian
rocks were essentially flat-lying und unfolded" at the commencement of
Eocambrian or Cambrian sedimentation, but the present writer 6oeB not Bur>
Bcrioe to the view of the b2Bemenr Burk2ce r>einZ perkecri^ nori^onr2i. donBi6
erinZ bork Peacey's concluBionB from Tømmerås and the present inveBrig2rion§,
a gently undulating Pre-Cambrian surface i8 the more likely case. A final poinr
is tn2r in Bt2cinZ rneBe conclu3ionB the writer reZ2l6B rkeni 23 2r>rilic2!)le oni^
to the excrerne norrnern part of rne Trondheim region. To the south and west
of this extensive region, it i8 known that prior to rne Eocambrian - Silurian
sedimentation the basement gneisses were subjected to a complex sequence of
deformation, intrusion and metasomatism (see e.g. Banham and Elliot 1965).
With regard to the nature of the basement and its boundary with the cover
rocks it is clearly unsafe to generalise over an area as broad as that ok the
Trondheim region.

Structure.

The major structure, the Snåsa syncline, can be followed far beyond the
limits of this small area, P2rricui2llv in a south-westerly direction. To the north
east, some 12-13 km NE ok the lake Sjysjøen ro be exact, the closure of rniB
fold can be readily identified on Foslie's "Sanddøla" map. A brief description
of the structural features ok this Snåsa syncline closure area have been given
by Peacey (1964, pp 78-80) and Fig. 34 of that paper illustrates the general
Bini2tion, and the rei2tionBnit) of rne Snåsa Bvncline to orker major folds,
quite adequately.

In the Snåsa - Lurudal area the Snåsa syncline is an asymmetrical structure
the 2xiß of wnicn plungeß in a general WSW 6irecrion. lnig is reflected in
an overall convergence of lithologies towards the ENE. The synclinal axial
plane, the trace of which i8 depicted on Fig. 1, 6ip3 Breeplv in a NNW direc
tion — the northern limb of the fold dips steeply, at times near vertically, to
the SSE whereas the southern limb is generally inclined at a moderate angle
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(30° -50°) towards the 'Ni- "W. Minor folds. clearly related and congruous to
the main syncline, show variable axial plunges Zen^erailv WSW bur locallv
horizontal or ENE.

Before considering the structures in the northern part of the area it is
important nere to note that the Snåsa syncline, and its parasitic minor folds
and phyllitic crinkles, deforms the main schistosity which is present in almost
all the metasediments. Rarely, in calc-silicate schists, tight or isoclinal folds
are koun<i, the pervazive sckisrositv r>einZ axial planar to these folds. In several
places, minor iol6s relate6 to the Snåsa s^ncline (or orker major folds occurring
further north) deform an earlier linear element. From rnis it will be appre
ciated that the deformation which produced the Snåsa syncline was not the
first to affect these metasediments.

The northern half of the area is characterised by steep-dipping metasedi
menrs and Zranite-Zneisses, bur it is nevertheless possible to demonstrate the
existence of a further two major structures with the aid of minor structural
evidence. The disposition of tne various metasediments and basement rocks to
rne SW of Kolåsfjell would appear to indicate the presence of an anticlinal
structure complementary to the Snåsa syncline. Akhough no indubitable fold
hinges were discernible, a study of the rninor lol6s and rneir relative verZence
reveals the presence of a tight fold closing upwards (Fig. 2), rnus conkirininZ
the stratigraphical indications. South of the axial surface trace ot rriis fold, rninor
folds deforming the schistosity are overturned towards the NNW — ckis is
also the norrnern lirn!) of the Snåsa svncline. Irnrnediatelv north of the axial

trace the direction of fold overturning is reversed, but folds become incon
spicuous away troi i the ninZe zone of rnis anricline.

Fig. 2. Diagrammatic profile (SE of Kjennerås) depicting anticline axial plane
located by congruous minor folds.
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Fig. 4. Early (first episode) structures. (a) Sheared isocline with third phase warps.
Calcareous greenschist and limestone, NE shore of Snåsavatn. (b) Isocline deformed

by second phase folds. Limestone, Troldvaselven.

Further to the north-west minor structural indications are that another fold,
this time synclinai, is present within the greenstone-greenschist sequence
(Figs 1 and 3) the axial surface trace exten6iriZ noltti-eagtwal^ iie^cin<i Flatjern
and separating the two outcrops of mica schist in the extreme NE part of
the area. This again supports the stratigraphical evidence. To the south-west,
west of the Bruvoldelven valley, it has not been possible to trace this fold.

The changing style of the regional major folds is rather interesting; in the
northern part of the area the 'Flåtjern syncline' i3 a very tight Btructure while
the anticline further south is only slightly less acute. In comparison the Snåsa
syncline is a relatively open structure. This trend — of progressively more
open style to the S or SE — is continueci it the I'^inrner2B anriciine is brought
into the picture (Peacey 1964).

Though a systematic analysis of minor structures and lineations v/23 not
possible in the time available, their observation has shown that three main
episodes of deformation have affected the rocks in this area. Faulting may be
counted as a possible fourth phase of the deformation history.
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Fig. 5. Becon6 episode structures. (a) Mica schist with vein quartz. (b) Interbanded
leptite and BckiBt. (c) Uolndlen6e zckist xvitk limeswne ribs. (d) Greenschist with

psammite bands. (e) Greenschist.

The most abundant structure representative of the first episode of deforma
tion is the schistosity or foliation displayed by metasediments, volcanic rocks
and gneisses. Folds to which rkiB folation is axial planar are quite uncommon,
tending to be restricted to interbanded limestone - calc-silicate schist and some
greenschist lithologies (Fig. 4). Where present they are essentially of isoclinal
type. Boudinage and stretching phenomena constitute an associated linear
element as does the alignment of small granules and pebbles in the conglo
merate within the phyllite member of the succession. Major first episode folds
have not been recognised.

Becon6 epigocie 10168 an6lineationB are prorninenr over rnoBr ok rke area. Klinor
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(a)

Fig. 6. Stereographic projections of linear elements (Wulff net, lower hemisphere).
(a) 3econ6 episode BtrucwreB; dots — folds axes and phyllitic lineation; open triangles —
mineral lineation; circles — lineation in basement rocks, (b) First and third episode
structures; croBBeB — first episode fold axes and lineations; ellipse — pebble elongation

(tilBt epi3o6e); tull trianZleB — tnir6 epiB«6e ic»l6 axeB.

rolds vary considerably in style, a variation which is only partially dependent
on lithology, since in the south these folds tend to be less acute than in similar
greenschist farther to the N-NW. In the limestones a maximum style variation
is ol)3elvecl, from czuite open to ne2.r-iBoclin2,l nruciurez.

Minor folds axes and lineations belonging to this generation are depicted
on the stereogram, Fig. 6. The variarion of trend is larZel^ a reflection of the
attitudes of the major structures of this second episode and only to a minimal
extent by later 6ekormation. In the south, for example, both in the hinge Tone
and on the southern limb of the Snåsa syncline, minor fold axes generally
plunge at low angles ro the W-WSW; locally however, plunges are to the
east. Moving N and NW away from the axial trace of the syncline the angles
of plunge of these minor folds steepen until, in the closure zone of the adjacent
anticline, they are in rke range 30° - 50°. At the same time the direction of
plunge moveB roun6 cloBe to SW.

Within this same anticlinal hinge zone away from the Kolåsfjell gneiss,
second episode minor folds and lineations plunge less steeply and towards
Troldvatn the direction of plunge is often ENE. An ENE fold plunge is also
common in the mica schist and limestone in the north-western part of the
map area. It would thus appear that the steeper lineations and fold axes in
the hinge zone of the 'Kolåsfjell anticline' just to the SW of the wedge of
KneiB3 are a conBecsuence of Zranire ZneiBB acrinZ as Bome kind of buffer
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during rke dekormacion, 8u reBulririA in 2, deviarion ok linear element devel
opinZ in rke 1e55 comperenr metasediments.

In the Flåtjern area, linearions of this generation are quite irregular in trend
swinging round to N-S and rken reverting to the general WSW plunge in the
extreme north-east of the area. While rkiB deklecrion appeals to be due to a
later episode of deformation, impression of linear elements on a pre-existing
irregularity cannot be entirel^ ruled out.

Boudinage is also found associated with second episode folds. In some places
two orthogonal directions of boudinage may be observed, moreso where
conjugate shear planes disrupt the picture: this latter case, with boudins aligned
in 'a', is not uncommon in the greenstone-greenschist lithology. Fold mullions
are demonstrable in the mixed leptite-schist lithology west of Kultjern —
these are parallel to the local second phase fold axes.

Acicular hornblende frequently displays a preferred lineation paralleling the
second fold axes, bur cases of two amphibole lineations in the same rock have
been observed in the hornblende schists of the Kolåsfjell anticline hinge zone.
Where this occurs, the earlier linearion is onlv weakly 6evelope6 and is quite
oblique to the prominent later element.

/^ cru6e linear element, eBBenriall^ ok c^ualc^o'kel6Bparkic marerial, is mani
keBr in rke Zranire-ZneisBes.- rkiB appealB ro de parallel ro rke Becon6 epiBo6e
kneacion 6evelope6 in neiZkbourinZ mera3e6imenrB.

I"kir6 epi3o6e BtrucrureB are relarivelv uncommon, ar leasr a3minor k0163.

Viskere recoAnisable rke^ are c^uire open kol6B or alrkouZK locallv in
pk^lliric lickoloZies rke^ mav be repreBenre6 by Icinli k0165 or stlain'Blip cleavaZe.

Distortions of earlier lineations on a large scale may also be attributed to
this deformation phase. In general the trend of these late warps or folds is
somewhere between NW-SE and WNW-ESE and is, therefore, more or less
normal to the dominant second phase lineation.

Faulting appears to be a relatively insignificant feature over this small area.
The few faults present show a marked NE-SW trend, although the major fauk
in the south and south-east varies from ENE to NE. This fault may quite
feasibly be an extension ok the major strike-fault present just north of Snåsa
vatn (Peacey 1964), bur further investigations are needed before a definite
opinion can be voiced.

3ince rke kaulrs are repreBenrarive ok a norablv brittle 6ekormarion, ckev are

probablv lar^elv ok kairl/ låre development. 3everal ok tkem are Btrilce kaultB
or obli^ue kault3, tkev coulci be envisaZe6 a8developinZ BimulcaneouBlv

rke upkeaval uk rke (?ronZ culminacion, itBelk a låre Btrucrural teature (Okcedakl
19))). Do^vnckrowB alonZ rkese kaultB are noriceablv tv rke 3L or 38L, an
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observation which would seem to accord well with Oftedahl's postulate of a
late upheaval of the baBemenc to tke nortk of tkis Snåsa area. On the other

hand, minor slides in the limestones, associated with the second episode of
folding, are often seen to develop into faults along the same dislocation. These
faults sometimes exhibit features indicative of horizontal displacement. While
most faults over the area appeal to be normal, the major fauk in the south
which displaces the Snåsa syncline axial trace may have an additional tear
cornponent, bur the evi6ence for tkiB is indistinct.

The penetrative schistosity or foliation seen in all lithologies in this area
has been shown to have developed concomitantly with the first folding. Although
tniB v^oul6 appeal to restrict the main metamorphism and recrystallization to
rnis 6ekolrnarion pnaBe, the picnile i8 not 80 straightforward. The second gene
ration structures deform the foliation but they also deform quartz veinB and
segregations and granitic material locally pervading the mica schist which
can be shown to post-date the first folds and foliation.

Vein an 63eZleZarorv nnile UBuallv parallelinZ rke ban6inZ ok
BckiBroBirv, 18 nor inkrec^uenriv Been ro rranBBecc rneBe 8-planeB. Ir 18 ko^ever

BtronZly 6ekorrne6, okren bou6ine6, by rke 3econ6 kol6B. 3irnilarly, Zraniric an6
peZrnariric material occurrinZ in rke mica BcniBt near tne ba3ement conract
KaB been emplace6 enBuinZ tne development ok 3cniBtoBicv an 6i 8clearlv ok

repiacive origin. too 13 akkecte6 by eke Becon6 kol6ing. IneBe pkenomena
BuZZeBt, rnerekore, tnat metamorpnic an<l metaBomatic proceBseB continue6

into tne Btatic interval BeparatinZ tne kirBt an<i Becon6 6ekormation pkaBeB but
a preciBe <latinZ ot tke acme ok tke metamolpniBm cannor be given unril 2
rkorouZn perroZrapnical Bw6v K2B been carrie6 out. tniB accountB kor

tke main regional metamolpkiBM, it i 8c^uire lilcelv tkac tke pre I^o^ver slovin
roclc3 '«vere al3o attecceci by an earlier meramorpkic evenr, 23 noteci previouBlv.
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Orienterende undersøkelser vedrørende sprøhet
og flisighet av bergarter

Av

Thor L. Sverdrup og Erling Sørensen.

Forord.

er koretatt kor a ka rede pa, om borl^ernemareriale Ican nvttes
lor bed^jmmeiBe av bergarten anvendbarkec i askalcslicedelcicel.

Resultatene er foreløpig basert på en forekomst i Sør-Trøndelag, men
resultatene er såvidt interessante at undersøkelsen vil bli fortsatt ved andre
forekomster og i andre bergarter.

Feltet som er undersøkt ligger ved Kalva, Ørlandet, hvor firmaet Dyre
Halse A/S har oppført et moderne pukkverk.

De geologiske undersøkelsene er utført av statsgeolog Sverdrup, de meka
niske undersøkelsene av tekn. ass. Erling Sørensen, mens boringene ble ledet
av formann Bratli, NGU.

Innledning.

Da man ved Geologisk avdelings seksjon for mineralske råstoffer og byg
ningssten, NGU, arbeider med bergarters brukbarhet som tilslagsmateriale til
vegdekker, og da spesielt til asfaltslitedekker, mottar vi i blant borkjerner til
sprøhets- og flisighetsanalyser. Da borkjerner har en krum overflate, vil det
være naturlig a tro at et nedknust materiale av en slik kjerne vil gi et gunsti
gere resultat enn hva tilsvarende utskutt materiale gir. Hvor sterkt begunstiget
kjernematerialet blir har man ikke kjennskap til. Da hverken Statens Veg
laboratorium eller Geologisk institutt, NTH, som driver tilsvarende undersø
kelser har benyttet borkjerner for analyser, har vi ikke hatt noe a bygge på. Da
vi videre må regne med ar diamantboringer mer og mer blir trukket inn i
undersøkelsesarbeidet av slike forekomster, har vi funnet det nødvendig å
foreta orienterende undersøkelser for a bringe klarhet i forholdet kjerne
materiale — utskutt bergart.

Feltet som er undersøkt ligger ved Kalva, Ørlandet i Sør-Trøndelag fylke.
NGU fikk i oppdrag fra firmaet Dyre Halse A/S, Trondheim, å finne en
bergart i kyststrøkene nær Trondheim som ville egne Beg for pukk og som
tilslagsmateriale til asfaltslitedekker for maksimal belastning.
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Fig. 1. Skisse som viser hvorledes prøvene bores ut av bergarten. Materialet skytes
etterpå ut fra det sentrale borhullet.

Det ble foretatt systematiske undersøkelser av en rekke bergarter i distriktet
før en konsentrerte seg om feltet ved Kalva. (Analysearbeidet ble i begyn
nelsen utført av konstruktør John Wilhelmsen.)

Geologisk beskrivelse.

Bergarten er en mylonittisert grønnstein. Hovedmineralene er en noe ufrisk
plagioklas og epidot. Plagioklasen er en sur andesin til basisk oligoklas. På
slepper opptrer litt kloritt. Svært små gehalter av kvarts sees i slip. Kvartsen
er sikkert sekundær og står i forbindelse med mylonittiseringen. Grønnsteinen
har fremdeles en ofittisk struktur. Den er svært finkornet, hard og med inn
filtrerte mineralkorn, noe som fører til bergartens store holdfasthet. Berg
arten er av kambro-silurisk alder.

Boring og materialuttak.

Ved prøveboringen ble det lagt ut fire forskjellige prøvefelt innen fore
komsten. På hver borplass ble det boret 5 hull alm. Hullene ble påsatt i en
avstand av 1 m i kvadrat med et femte sentralt hull (se fig. 1). For å få til
strekkelig borkjernemateriale med 32 mm kjernediameter er det nødvendig
med ca. 5 I^jpemerer kjerne.

3tral<B boringen var avsluttet ble der zlcurr opp prøver ira, det Bentrale kullet.
Der innBamlede materiale ble uttatt av det minBt Icnuzte, og BamrliZe stvlclcer
var av lcnvttneveBt^rreiBe. Det ble uttatt ca. 39 IcZ ira kver lolcaliter.
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Fig. 2—5.2—5. Figurene viser språket og
flisighet for henholdsvis utskutt materi

ale og borkjernemateriale.

Resultat av fallprøve

Resultatene er vist i fig. 2—5.2 —5.
Som det vil fremgå av figurene,
begunstiges både bergartens flisig
het og sprellet i borkjernemateriale
i prøvene 1, 2 og 4, mens prøve 3
viser liten variasjon.

Gjennomsnittlig sprøhet og flisig
het for de fire prøvene er satt opp
i fig. 6.

Studerer en fig. 6 finner en såle
des at såvel sprøhet som flisighet
begunstiges i de prøver vi foreløpig
har hatt til disposisjon. I prosent
får en følgende resultat:

Prove 1 (fig. 2)
Materialers godhet:

Merknad:

BORKJERNEANALYSE (2694)
? 11.3- 16mm. O 8 -11 mm.
UTSKUTT MATERIALE (2695)
¦ 11.3- 16mm. • 8-11 mm.
+ SLATT TO GANGER

labeil 1.

Begunstigelse av sprøhet og flisighet for borkjernemateriale i %.

Ved a bore ut bergartskjerner istedet for å skyte ut prøver er det trolig to
faktorer som har betydning ved bedømmelsen av materialet.

1. Kjernens form med krumme flater i forhold til utskutt materiale.
De krumme flatene vil bevirke større motstandskraft mot knusing ved slag.

En må vente en avtagende favorisering jo finere (i mm) fraksjonen en arbei
der med er, da en ved iin-kralcB)onen får lrilcnuzr flatene i større grad enn ved

Fra! ijon :gunstige; ,5S 3egunstigelse
slått 2 ganger

Flisighet
Flisighet
Sprøhet

8 -11 mm
11,3 -16 mm
8 -llmm

2,05 %
3,76 %
4,72 %

11,14 %

2,88 %
1,55 %

10,29 %
15,53 %Sprøhet 11,3 -16 mm
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Prove 2 (fig. 3) Prove 3 (fig. 4)
Materialers godhet: Materialers godhet:

Merknad : Merknad
BORKJERNEANALYSE (2696)

D 11,3 -16 mm, O 8 -11 mm.
UTSKUTT MATERIALE (2697)
¦ 11, 3 -16 mm, #8-11 mm,
+ SLÅTT TO GANGER

BORKJERNEANALYSE (2696)
D 11.3 -16mm. O&- 11 mm.
UTSKUTT MATERIALE (2699)
¦ 11.3- 16mm. • 8-11mm.
+ SLÅTT TO GANGER

grovere fraksjoner. Ser en på sprøhetstallene for fraksjonen (8-11) mm og
11,3- 16) mm ser en tydelig tendensen 4,72 % mot 11,14 A. Videre må en
vente en reduksjon av forholdet ved å øke Ic^elneciiameteren, men her har vi
foreløpig ikke noen data å støtte oss til.

Vedrørende flisigheten må en naturlig nok vente en bedring i resultatet
såfremt en ikke utfører boringer parallelt eller tilnærmet parallelt skifrighet
eller lineasjonen. I en såvidt homogen bergart som en her har synes det imid
lertid ikke som en kan si noe absolutt om det er fin- eller grovfraksjonen
som prefereres spesielt.

2. Sjokk i bergarten p.g.a. skyting.
Den andre faktoren som naturlig vil begunstige borkjernematerialet er at

materialet ikke blir utsatt for sjokk og dermed opplcnuBninZer som utBlcutt
materiale blir utsatt for. Dette vil i denne bergarten sannsynligvis gjøre størst
utslag i sprøheten. Hvor mye av prosentforbedringen som imidlertid skyldes
skyting og hvor mye som skyldes borkjernens form, kan vi ikke avgjøre i dag.

50

40
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30 30
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10 10
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GJENNOMSNITTLIG SPROHET OG fig.6
FLISIGHET FOR OE FIRE PROVENEProve 5 (fig. 5)

Materialers godhetMaterialers godhet:

Fig. 6. Figuren viser den gjennomsnittlige gpljsket og llisiZket for de fire prøvene

Konklusjon.
De fremkomne data viser såvidt markert begunstigelse av borkjernemateriale

både hva sprøhet og flisighet angår, at en skal være meget varsom med å
benytte borkjernemateriale ukritisk for bedømmelse av bergarters anvend
barhet i faste veidekker.

Undersøkelsen er hittil begrenset til et felt, men p.g.a. resultatene har in
stitusjonen funnet det nødvendig a fortsette arbeidet også i andre områder,
såvel i massive som skifrige bergarter.
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Contributions to the geology of Hardangervidda
(West-Norway) i)

I. An explosion-breccia occurrence in Hjølmodalen

By Sverre Svinndal and Henri Barkey.

Abstract.
An occurrence of a breccia, wkick is tkouZlit to have keen formed by a fluidization

process, is described. The breccia is supposed to be genetically related to similar breccias
encountered in other parts of the Precambrian of southern Norway. A short comparison
.8 made with the pieviouBiv 6eBclibe6 (3al6noz breccia.

The occurrence of the breccia is situated in Hjølmodalen, about 2 km to
che south of the village Øvre Eidfjord (see Fig. 1 for the location).

The breccia is outcropping over a distance of about 110 m along a fresh
road-cut of a road under construction, leading from the valley up to the
mountain plateau of SW Norway (Hardangervidda).

The dimensions of the outcrop are estimated to be about 130 m x 50 m, with
the elonZate6 6ilecrion along a major fauk system. The border contacts of the
breccia are very irregular and many minor offshoots rabiate into the country
rocks, which are mainly gneisses and granite-gneisses of Precambrian age. Some
rninor arnpniboliric ban6B occur.

A geological Becrion of the breccia along the road is given in Fig. 1. From
rni3 section and Figs. 2 and 3, it is clearly seen that blocks and fragments are
in all Bt2ZeB of 6ecacnnienr from the walls and from eack otner. The zepararinZ
medium consists of veins of "intrusive tuff" which also have perforated and
dissected the blocks and fragments themselves.

H. Cloos (1941) propose6 the term /^M^e for this kind of "intrusive tuff",

x ) The authors are enZ2Ze6 in engineering ZeoioZical xvorlc in the NW part of
Hardangervidda in connection with a designed electric power project "by the
Norwegian state hydroelectric power organisation. (NVE. STATSKRAFTVERKENE).
The engineering geological investigations started in 1962 and the tecnnical reBultB are
presented in a series of internal reports to NVE. Statskraftverkene, for whom the
investigations were carrie6 out. In a series of short papers the authors intens now to
present and 6eBcribe sorne ZeoloZical keatureB wkick rniZkt contribute to a betler know-
ledge of the geology ok this part of Hardangervidda.
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Fig. 2. Rock fragments in an incomplete stage of detacment. Note the larger fragments
with preserved orientation of the foliation.

formed from the country rocks to 6isrinZui3k it from the tuffs normally depo
sited over the surface as volcanic ask. According to Cloos's extensive description
of the Tertiary tuff pipes of Swabia, the tuffisite conßi3t3 of al llcin6B of country
rock debris down to dust size and in addition solidified droplets (lapilli)
of lava.

No 6ereccable volcanic material has keen observed by the authors in the
breccia described here.

The most typical feature of the breccia is the cataclastic texture (Fig. 4).
doZnare crvBral3 and klaZmenrs of the country rock are embedded in a sub
microscopic granulated groundmass, in which epidote minerals and a brownish
biotite are quite abundant, in part, these minerals are newly crystallized. In
addition, patches ok opaque ore minerals and some scattered graphitic material
occur. Often, these minerals occur even along the finest fissures and cracks.

()ualt2, kel6Bpar (rx>rk rilaZiocl23e an 6microline), biorire xvirk 32Zeniric
incluBion3, rnuBcovite, calbon2te, cklorire, Bericice, 82U83urite 2nci 2cceBBor^
miner2ls (^ircon, 2p2tite, ilmenice xvitk leucoxene rimB) 2re lniner2is wkick 2re
alBo ck2l2cceri3tic ok rke Znei33o3e councrv roclc.

ok tke coZN2te crvBt2lB 2nc^ klaZmentB ok tke councrv roclc 2re 2NZular
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!

Fig. 3. kl2ZlnentB in a complete stage of detachment from each other.

to sub-angular, sometimes with pronounced abrasion kolberg. Rounded to sub
rounded forms occur, but are not abundant.

Sometimes rounded microscopic inclusions ot quartzitic rocks (Fig. 5) are
encountered, while in the cross-section some larger fragments of mica-schists
are present. These rock types are not found in the immediate vicinity of the
breccia outcrop, bur they are not uncommon in the gneissose rock series of
this part of Hardangervidda.

Some foliation measurements on fragments and biocid indicate that tran
sition from parallel (to the foliation of the country rock) to completely random
orienracionB exi3c. No verrical Zra6inZ of the fragments is obsefved. Fragments
of country rock appeal even in very small fissures.

The rocks adjacent ro the breccia are not visibly tectonized, most otten the
contacts being conspicuously clean and sharp (Fig. 6). Only where the ramifying
veins in the surrounding gneissose rocks I)ecorne abundant does a kind of
"transition" exist. The observed foliation in some rock fragments and blocks,
being parallel to the foliation of the country rock, is in striking contrast to the
chaotic jumble that would have resulted from the explosive process usually
enviB2Ze6. Volcanic explosions and their effects are familiar enough, but here
we are dealing with phenomena that cannot be 80 eaBil^ explained.
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Fig. 4. Cataclastic texture in the tuff
isite. dlosBeci nicols. x 10 magnification.

Fig. 5. Microscopic inclusions of
rounded quartzitic rocks. drossel nicols.

x 40 magnification.

In the authors' opinion, fluidization or a gas-solid streaming process, such
as that enviB2Ze6 by Cloos (1941) and Reynolds (1954), could adequately
explain all the intrusion and comminution phenomena encountered in the
breccia outcrop in Hjølmodalen.

In a discussion after a paper presented by Coe (1966), Dr. Doris Reynolds
poinre6 out rkar in Beveral recenr Kapers the term "explosion-breccia" had
r>een used as though explosion and fluidization were one and the same process.

With the term "explosion-breccia" the authors just want to stress that an
explosion must have been the generating force that resulted in "opening" the
rocks for the fluidizing process. Any explosive energy that may have been
libel2re6 at grear 6eprnß will be unabie to bring arx)ur the B^ikr c>ucburst of
ll2Znientß rk2r one ornerves in <^u2ll^ r>l2BrinZ. It will, however, give rise to
blast waves, which will shatter the adjoining rocks, and ro heat, which will
increase bork the pressure and the temperature of the gas present. As soon
28 cl2clcß have been Zenel2red (or old kl2crureß Bukkicienrlv re-opene6), rißinZ
Btle2Mß of niZK pISBBUIe expandinZ gas wili force rneir way to the Burkace
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Fig. 6. Sharp contact between the tuffisite and the adjacent gneissose rocks
Roadcut Hjølmodalen.

through passage ways which they can widen by abrasion: the streams of gas
are thus arming themselves with dust and fragments that will add to their
erosive capabilities. Once a crack is wide enough, the dust-laden gas that
streamß tkrouKk ic will quickly increase the size of the opening by liberating
bigger fragments. Thus all fragments, large and small, will be constantly worn
down by abrasion.

Such a process would account for the lack of pyrometamorphism along the
margins of the fragments and blocks. The degree of metasomatic alteration of
the fragments is BcronZl^ dependant upon the gas temperature and chemical
composition.

Nowadays, klui^i^arion is a commonly accepted process to explain the
peculiar features observed in kimberlites and kimberlitic rocks. This explains
perhaps the close genetic relationship between kimberlites and the present
type of autoclastic breccia, as observed by so many authors.

For Bimilar blecclaß encounrereci in oiner P2ltß of the precamblian, of
southern Norway, Ramberg and Barth (1966) 288unie a genetic relationship
to the Fen volcanism. According to isotope-ratio determinations they postulate
an Eocambrian age for this regional volcanic activity. In this connection the
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authors want to stress Davidson's (1964) conclußion, rk2t it is not necessary
to assume that the kimberlitic composition of kimberlites was inrro6uce6 in a
molten state. Consequently, radiometric age determinations on minerals from
the kimberlitic fragments do not neceßß2lily repreßenr the real age of the
kimberlite emplacement.

The autoclastic breccia in Hjølmodalen is very similar in appearance to
some parts of the previously described Gardnos breccia (Broch 1945).

The junior author has had the opportunity to study a detailed section of
tne (^216n08 breccia in a water supply tunnel (Nes hydro-electric power plant),
which had been driven through the breccia pipe. A report on these investiga
tionB wili 2ppe2r in 2 separate paper. Peculiar to the Gardnos breccia is the
rather high concenr — as compared to cne breccia in Hjølmodalen — of
graphitic material which gives the tuffisite its black colour. Some chemical
analyses of carbon content for bork the Gardnos breccia and the breccia in
li)sijlrno62ien are given beio^v. The 82inp1e from slMnio62len repreBentB a
very kine-Zr2ine6 621K rukkiBire, 82inp1e (-5 from the Gardnos breccia represents
a very fine-grained black tuffisite tåken in tke central part of the breccia
pipe and sample G2 i8 2 fine-grained black tuffisite tåken cloBer to the -wNll
cont2cr.

The analyses were carried out by A. Flårønning at the chemical department
of NGU.

Fairly pronounced metasomatic alteration phenomena along fissures and the
margins of fragments were observed in the Gardnos breccia, especially in the
central part of the pipe, whereas such features 2re not perceptible in the breccia
of lil)^llNoci2ien. The 2lter2tion pkenornen2 and the Zl2pkicS'conrent of the
tuffisite in the Gardnos breccia seems to diminish towards the contact with

the adjacent rocks (mainly gneissose Precambrian rocks). Especially close to
the XV2II cont2cc, the (-216n08 brecci2 is difficult to distinguish from the breccia

Sample no. c %

558 A E3O tuffisite

Hjølmodalen, explosition-breccia 0.12 %

J 21 <^3 tuttisite
1.52 %(3al6noz dieccia, (tverrziaZ T2venstre)

J 21 <32 ruliisite
1.02 %Gardnos breccia, (tverrslag T2høyre)
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in Hjølmodalen. A genetic relationship between these two breccia occurrences
seems to be very likely. In the authors opinion, a systematic mapping of the
Precambrian area in this part of Norway will certainly reveal more of these
peculiar breccias.
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Grundfjeldstektoniske studier omkring Moss
(SØ-Norge)

En foreløbig meddelelse
av

Asger Berthelsen

Indledning.

Efter aftale med Norges geologiske Undersøkelse, gennem professor Steinar
Skjeseth, er detaljerede studier af grundfjeldet i Moss-området påbegyndt ai
forfatteren i forbindelse med afholdelsen af karteringskurser for geologistu
derende fra Aarhus Universitet (somrene 1965 og 1966). Sommeren 1967
er det tanken, at studerende fra Københavns universitet deltager.

Moss-områdets blotningsgrad er relativt god, og ikke mindst de mange
nysprængte vejprofiler omkring rigsvejen og dens til- og frakørsler indbyder
til detaljstudier. Moss kommune har velvillige stillet fotogrametriske kort
(1 : 5000 med 5 m højdekurver) til vor rådighed.

Arbejdet er blevet udført med støtte fra NGU og de implicerede universi
teter. Vi er også Moss kommune og Norges Landbrukshøyskole tak skyldig for
megen hjælp.

Af tidligere arbejder foreligger Gleditsch' (1945) oversigtskort visende ho
vedbjergartstypernes regionale udbredelse og de større strukturer i Østfold,
men egentlige detaljarbejder er kun udført længere mod nord (Broch, 1926;
Gleditsch, 1952 a og b). For NGU leder professor Skjeseth nu en kartering i
1 : 50.000, til hvilket projekt vort arbejde knytter seg som specialundersøgelse.

Selv om arbejdet må anskues som en "femårsplan" med begrænset indsats
hvert år, har vi valgt at præsentere enkelte resultater allerede nu for ar orien
tere kolleger om, hvad vi holder på med.

Moss-områdets regionale placering.

Moss-områdets Zrun6tiel6Bl)ielZ2lrer danner ligesom tilsluttende dele al
Østfolds gnejser en nordlig fortsættelse ai det sydvest-svenske Storå Le-Mar
strand kompleks (Larsson, 1956; Geijer, 1963). Iddefjord-graniten, som be
grænser Moss-området i syd, nar sin svenske fortsættelse i Bohus-graniten, der
gennemsætter Storå Le-Marstrand komplekset og opbygger kysttrakten sydover
til Lysekil på nær Kosterøerne i vest (Asklund, 1950). Bohus-graniten tildeles
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en Ben-6aißian6ißlc alder, menß Storå I^-^l2lßrlan6 komplekset, bl. a. al P. H.
Lundegårdh (Lundegårdh og I.un<zvißr, 1964), tolkes som svekofennisk grund
fjeld (med Storå Le-Marstrand serien som svekofennisk suprakrustal), der har
gennemgået en delvis gotisk omprægning i forbindelse med foldningen al det
østligere strøg med Åmåls formationen.

Dette regionale mønster passer godt sammen med Moss-områdets komplice
rede tektonik, hvor liggende folder med vestdykkende akser dominerer, men
hvor flere foldefaser kan udskilles. Vest for Oslofjorden viser grundfjeldet en
tilsvarende kompleks opbygning (Wegmann og Schaer, 1962; Falkum, 1966.)

Træk at Moss-områdets grundfjeldstektonik.

Moss-områdets yngste grundfjeldsbjergarter udgøres af Iddefjordgranitens
pegmatiter, der træffes over hele området, men som især er hyppige i dets
sydlige del, hvor de når mægtigheder på op til 10 m. De er ufoldede, stryger
i ca. N-S og er østhældende gange med tydelige inrluBivlconca!ctel.

I Moss-områdets nordvestlige del, omkring Kambo, gennemsætter Iddefjord
pegmatiterne foldede og omkrystalliserede metabasiter, der optræder som
delvis konforme, I—3o1 —30 m mægtige, gang-intrusiver i gnejs, øjegnejs og
migmatitgnejs. Metabasiterne ses tydeligst i vejprofilerne langs rigsvejen,
hvor oprindelige intrusivstrukturer (apofyser, afkølingskontakter, xenolither,
diskordant afskæring af folder og migmatitårer i gnejsen) også kan ses bevarer,
selv om metabasiterne er omkrystalliseret til granat-amfibolit, der lokalt har
foliation. Metabasiterne er ellers især lcarterer omkring overZanZB^onon eller
grænsen mellem to forskellige gnejstyper, en kvartsrig, og en mafitrig type,
hvoraf den sidstnævnte ofte er udviklet som øjegnejs eller migmatitgnejs;
men også den IcvarrzriZe type kan være miZmariBerer.

Metabasiterne, der klart er yngre end denne migmatisering, er foldede med
varierende intensitet omkring vestdykkende akser. De ældre strukturer i side
stenen viser også vestdykkende akser. koreiiomsrolne muliZZ^r derfor en tids
adskillelse mellem to foldeakser, der begge har frembragt vestdykkende akser:
Vi-lol6nin^en (2eldBt) og V^-loldninZen (yngst).

Sydligere, omkring Lauersbakåsen (se fig. 1), kan også udskilles strukturer
al lol8l(e11iZ alder. Her er en miZmaricißlc amlibolir (med ner-arer kvarts
plagioklas neosom) infoldet i sliret migmatitgnejs med et resulterende
kompliceret lagforløb på kortet. I grænsen mellem amfibolit og gnejs optræ
der et tyndt lag af mellemkornet, ofte båndet og noget feldspatholdig kvartsit,
der normalt er en halv til 1 m tyk, men som når større mægtigheder i om
bøjningszonerne. Selv om kvartsiten kan mangle (være tværet ud?), har den
kunnet karteres over det meste al området i fig. 1 og længere mod NØ, hvor
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Fig. 1. Geologisk kortskitse ai området mellem Lauersbakåsen og Noretjernet, nord for
Valervejens skæring med rigsvejen. Signaturstregerne angiver lag- eller foliationsforløb
i l>lotninMlne, og ziZnaturenZ ucibre^elze markerer blotninZernez fordeling. P P

viser placeringen af profilet i fig. 2, langs vestsiden at rigsvejen.
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for det ligger nær at tillægge kvartsiten en suprakrustal oprindelse. Denne
tolkning indebærer, at amfiboliten lukker isoklinalt "i sig selv". Det fremgår
også af profilet (fig. 2) gennem den nordligste zig-zag foldede "amkibolit
gren", at kvartsiten her lukker omkring amfiboliten, der således danner lcernen
i en isoklinal struktur. Denne isoklinal er senere Zennemkol6er med ve3tNXl
dende aksialplaner, hvorved dens zig-zag-forløb er fremkommet. Både de
mindre og større strukturer i denne komplicerede fold adlyder vestdykkende
akser. Alle lagflader/foliationer indplottet i et stereogram (se fig. 2) giver en
veldefineret jt-zone svarende en vestdykkende akse (i 263-25°), omkring hvil
ken de målte småfolder grupperer sig. Rumvinklen mellem den ældre iso
klinals akse og de senere overprægede liggende folders akser må derfor være
lille (ca. 10°). Det er fristende at jævnføre disse to foldeakser, der begge har
vestdykkende akser, men lc>lßlcielliZr orientere^e alcßialplaner, med VTV T og V2
foldningerne, der kunne a63lcilleß lidt nol6ligere ved intlußic>nen ak basiske
sills og gange.

I profilet i fig. 2 ses i væggens nordlige del et par tynde amfibolitlag ind
foldet i migmatitgnejs. Nederst i væggen ses således en liggende fold, der mod
syd lukker omkring en vestdykkende akse (Va fold at dømme elter aksial
planets orientering). I foldens nedre flanke ses hvert af dens to amfibolitlag
imidlertid at lukke "i sig selv" med en afvigende akse (215-7°), parallelt med
hvilken der er udviklet en lineation i amfiboliten. Det drejer sig her sandsyn
ligvis om en akse og lineation (ældre end både Vi og V iol6ninZen), som er
foldet omkring vestaksen. Der er også andre steder i Moss-området fundet
sma og større strukturer, som vidner om en ældre tektonik end Vi kol6ninZen.
Det er imidlertid endnu for tidligt at udtale sig om samhørigheden og betyd
ningen af disse "relikter", da en øget forskel i orienteringen af henholdsvis
Vi og V2 akserne også fremkalder komplikationer i det tektoniske billede.

Metagabbroen syd for Noretjernet (se fig. 1) danner således kernen i en
liggende fold, som er karteret i gnejserne øst herfor med en amplitude på ca.
1 km og med en NV-dykkende akse. Da aksialplanssporet løber fra meta
gabbroen omb^jninZ i Noretjernet mod j3^sj3 til gnejsombøjningen (u6enkor
fig. 1) replXBenrerel den KsV-6vlilcen6e akse Ban6BynliZviB Vi kol6ninZen, og
V foldningens indvirkning må følgelig her være mindre end omkring Lauers
bakåsen.

Metagabbroen, som danner kernen i den liggende gnejsfold, er godt blottet
i vejprofilet langs Vålervejen syd for Noretjernet. Metagabbroen overlejres
her i vest ak miAmatitislc amkibolicZne)3, og den un6erlejreB i øst (med reicto
nisk kontakt) af rødlig miZmaritKne)B. Langs sine ZlXNBer er gabbroen Btierlcr
opdelt i linser og boudins (med relikte primærstrukturer), hvorom koliereT til



55
a a 2 ll

H.^ 2^Z V^
u, O O >« (U "Q .fl D —J |

I i.ilfI

Q. •in •«¦« *-< *¦*  

§ %-v
-2 _ ?>< °^l ?! d^

L -""

lTf!l"

oS wJa tc< a .J4 n C « Og

2 3-> "" «^
2.S S—^ o -

a -s -a a J2 «
Sl"^S 1 "^ c"^ S-i!
"o e .SF s 2 jj-Q 6C fl O ii-- <u c c ¦*-

asi-3 g §>

trt fIJ J2 !_,

2-r 3>6
e a a! ° u

? 8 " A "U "2

en w jh * c

ÉiiUh S ftC-5 C



56

migmatitisk amfibolit smyger sig. Linserne og de forskellige boudins utviser
en tydelig strækningsretning parallel med småfolderne i de tektoniserede om
givelser. Disse strækningsretninger og akser har — indplottet i et stereogram
— en fordeling, der tenderer mod ec lillecirkelmønster. Dette antyder en
genloldning al en 2el6re liniation (Btl2elcninZ3lerninKer og 85nalo1<iealc8er)
omkring en NV-orienteret akse. Herfor taler også, at V^sV til I^V-6ylclcen6e
strækningsretninger fremhersker i metagabbroens "øvre" (vestlige del), mens N
til ØNØ-dykkende strækningsretninger dominerer i metagabbroens "nedre"
(østlige) del. Profilet skærer således en synform. Opdelingen og migmatise
ringen af metagabbroen skulle derfor kunne henføres til en sol6et'aBe, der kan
anses for at være ældre end Vi foldningen.

Tynde, svagt deformede amfibolitgange, der gennemsætter metagabbro
boudins i profilet ved Vålervejen, kan muligvis jævnføres med de metabasiske
intrusioner omkring Kambro, hvilket ville stemme overens med V2V2 folddnin
gens svage indvirkning på metagabbroen langs Vålervejen.

Den fortsatte kartering og de videre petrografiske studier vil selvsagt have
som et af sine hovedformål at udrede aldersforholdet mellem de forskelligt
orienterede strukturer, migmatitiseringen og dertil knyttede metamorfe
processer.
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Geologic and structural studies around two geophysical
anomalies in Troms, Northern Norway

by

Asger Berthelsen

Abstract.

The geology and structures of two windows (the Mauken and the Divielva
windows, see Fig. 1) are outlined. For the Precambrian supracrustal rocks of
the Mauken window, two formation names and ane group nåme are sug
gested. Hyolithus zone sediments in autochthonous position along the southern
margin of the Mauken window show that the Caledonian thrusting exceeded
70 km. In both window structures "Reliefiiberschiebung" took place. A mag
neric anoinal^ in the Mauken window is explaine6 by local concencl2.cionB of
normally acceBBoric maZnerire in an ancikormai ninZe zone in Belicice-cnlorite
BcniBtB. The relations between an L->V 6irecte6 inaZnetic anomai^ and the
structures of the Divielva window are discussed.

Sammenfatning.

De geologiske og strukturelle forhold omkring to vinduer (Mauken og
Divielva vinduerne, se Fig. 1) opridses. To formationsnavne og et gruppe-navn
bringes i forslag for de prækambriske suprakrustaler i Mauken-vinduet. Fund
at H^olitnuB Tone Be6imenter langs Bx6ran6en at Mauken-vinduet viser, at den
kaledonske overskydning beløb sig til over 70 km. I begge vindue-strukturer
fandt reliefoverskydning sted. En magnetisk anomali i Mauken-området for
klares ved koncentration af ellers accessorisk forekommende magnetit i en
antilorm omb^ininZB2one i 3elicit-Klolir Blcitle. Relationen meiiem en O-V
rettet magnetisk anomali og strukturerne i og omkring Divielva-vinduet
diskuteres.
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Introduction.

Since 1963 SYDVARANGER A/S has conducted systematic prospecting in
eastern Troms. I'kiB work has embraced geophysical surveying, general pro
specrinZ suck as "block hunting" and geochemical search kor ore in addition
to pkoroZeoloZic and kiel6 ZeoloZic in2ppinZ. The coordinacion of all tkeBe
activities and the programming ok resulting drilling operations were managed
by bergingeniør Andreas Eriksen, 3y6v2l2NZer A/S. Mr. Eriksen i8 cor6iallx
thanked for man/ inspiring discussions.

The slirer also wishes to thank Mr. Bruno Rothé, geologist (Syvaranger
A/S), fil. lic. Nils Marklund, Consulting geologist, and his colleagues and
students from Aarhus University, who participated in the work, for their
coliadolarion and pelmiBBic)n to 6ra^v from rneir un^»ubliBne6 reBultB. Last, but
not least, the wrirer >vantB to rnanlc all who 23815106 in and contlic)ute6 to 2
successful realisation of the field program.

The first part of this paper deals with the Mauken area and in particular
its stratigraphy, structures and their relation to some geophysical anomalies.
The Mauken area has also been studied and is still being studied by the director
of the Natural Museum of Tromsø, Dr. K. Landmark, who is preparing
a comprehensive description including petrographic and chemical data to
accompany the geological map of the Målselva area. Our work, however, have
been callie6 out in^eriencienrly and 6ikkelB in rnernocis and 3cope.

The writer is indebted to Sydvaranger A/S for the permission to publish
this report. He also wishes to express his gratitude ra Norges Geologiske Under
søkelse for accepting this paper for publication.

Regional Geology.
In Troms the eastern front of the Scandinavian Caledonides (Strand, 1961,

Oftedahl, 1966) crosses the Norwegian territory and the extreme south-eastern
part of the district is made up of Precambrian crystalline basement rocks
comprising: gabbro, syenite, gneisses and granites. Close to the marginal dale
donian thrust, these basement rocks are nonconkorlN2t)ly overgin by a fairly
thin cover ok fossiliferous Cambrian strata, the so-called Hyolithus zone of the
extern foreland. The overthrust, metamorphic units of the Caledonides rest
with a marked tectonic contact on the autochthonous cover; Vogt (1918) and
Holtedahl (1953 and 1960).

In kiZ. 1 tke ?rec2Nil)ri2n rerr2in ok rke e23tern korel2ncl i3Bkown roZetker
wirk two tecconic in3i6e rke (Hledonidez, vvkere rke ?rec2mrili2N

r)2Belnenr rocl<B (xvkollv or parclv krinZe6 r>v 2 rkin 2utockrkonou3 cover ok eke
korel2n6 rype) 2re expoBe6 r>elo^v rke 2llockrkonou3 unitB, wkick oxve tkeir
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Fig. 1. Sketch map of eastern Troms
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"mise en place" to the dalecionian oroZeny. 3ince rkese unitB ma/ inclu6e
rocks of Precambrian age, they are referred to in the following as the Caledo
nian overthrust units.

The main feature of the gravity field are also shown in Fig. 1. The milligal
curves were constructed by bergingeniør Andreas Eriksen, Sydvaranger A/S,
from the data supplied by Norges Geografiske Oppmåling. Although no
corrections were made, the map clearly shows that the regional gravity
field depends on the large scale geologic structures. A pronounced minimum
in the south-west corresponds ro the depression within the Caledonian thrust
masses, and a similar minimum is indicated to the north-east. A gravimetric
high extends from the Precambrian foreland area (80Mn-e2Br corner of the
map) in a north-western direction, and is clearly accentuated in the Mauken
window around Målselva and Takelva, and even the elongated window along
Divielva (Gustavson, 1963) influences the anomaly trend.

No doubt, the gravity field betrays a major culmination within the Caledo
nides caused by a NW-SE directed uplift of Precambrian basement rocks.

The Mauken Window.

The area of the Mauken window is, for its greater part, coveret by the
geological map (1 : 100.000) published by K. Landmark (1959). Obviously,
the idea that Precambrian rocks occur in rkiB region were in Landmark's mmd
when he drew his map, since in the stratigraphic legend he placed the grano
dioritic rocks as older than the overthrust units of Stormauken. However, in
rke geological map accompanying Holtedahl (1960), the granodiorites are
3koxvn as Caledonian intrusives.

Photogeological studies and reconnaissance work carried out by the author
and his collaborators (1964-65) showed that the Precambrian rocks of the
Mauken window are completely surrounded by Caledonian overthrust rocks and
that Hyolithus zone rocks occur along the southern and southeastern edge of
the window below the basal Caledonian thrust. Gustavson (1966, p. 18 and
pp. 47-48) discovered these autochthonous rocks in 1963.

On rke spur rising from Alappmo towards Alapp Mt. we found rke basal ?
Cambrian conglomerate overlying both granodiorite and chlorite schists un
conformably. The conglomerate is succeded by dense quartzites grading inro
grey, partly phyllitic, shales which are in thrust contact with hard-schists and
quartzites of the lower "quartzite division" ok the Caledonian sequence. Litho
logically, the Hyolithus zone rocks of the Mauken area show a close resem
blance to the autochthonous rocks found within the southern part of the Divi
elva window (see p. 70).
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Fig. 2. Geologic sketch map of the Mauken area. Geology from Landmark (1959),
Lnino Rothé, J. F. Touborg and the author. Aeromagnetic anomalies from a total
intensity survey performed by Compagnie Générale de Géophysique (Paris) on behalf

of Sydvaranger A/S. For location of the area see Fig. 1.

East of Jutulstad, the basal Caledonian thrust crosses Målselva and climbs
the south-facing slopes of Veslmauken and Stormauken. At Brennhumpan and
Veslmauken, the thrust zone, as mapped by Landmark (1959) cuts into Pre
cambrian granodiorite (see also Fig. 2). The two localities offer an illustrative
example of a tectonically produced pseudoconformity berween basal crystalline
and Caledonian overthrust units, the latter including here large masses of re
worked Precambrian material.

To the NE and SE of Aurevatn it can be demonstrated that the thrust has
Bneare6 off the culminarion of a Precambrian antiform. Minor slices of Pre

cambrian supracrustals can be seen in the overlying (transported) units which
also contain tectonized and double folded gneisses, e.g. north of Tippvassh
(see Fig. 2).

The thrust contact delimiting the Mauken window in the south presumably
crosses Målselva east of its cofluence with Kirkeselva, since in the mountain
slopes between Rundhaug and Søreng SSW-didpping phyllonites, formed at
the expense of the granodiorite, overile undistrubed granodiorite. Further
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west, the window border appears on the north side of Storhaugen in a steep,
or almost vertical (Pfaulted), position. The granodiorite reported by Landmark
(1959) ar Malangsfossen (south of Storhaugen) was not observed by the
author. Along the south bank of Målselva, at Malangsfossen, conZioineraric
iiine3toneß forming part of the <lale6onian Be<^uence were seen.

The Hyolithus zone rocks which 80 far could be rrace6 oniy along the
goutnern and south-eastern e<lZe of the window, occur, 80 to say, on the lee
side of the window stracture, when seen in relation to the Caledonian direc
tion of tectonic transport (NW-^SE).

The discovery of the Hyolithus zone rocks in an autochthonous position at
the said localities, yields evidence for a Caledonian overthrusting (or under
thrusting) totalling more than 70 km (see Fig. 1). The thrusting within this
part of the Caledonides can aiBo be 6eBcribe6 as a kind of "Reliefiiberschieb
ung" since the Precambrian rocks of the window evidently formed a topo
graphic high prior to the thrusting.

me kolni3 an inreeeBrinZ Brepr>in^ Btone ber^veen
me V.onibak in me 3ourn an6eke ok ?ininallca in me norm.

The Precambrian rocks of the Manken window.
The Precambrian rocks ok the Mauken window form four major units:

The Myrefjell formation (metavolcanics with intermixed and intercalated meta
sediments), the Aurevatn formation (feldspatic and micaceous quartzites, sub
ordinate calcareous rocks, sericite and chlorite schists), the Øverbygd crystalline
complex (intrusive granodiorite, gneiss and migmatite, metabasaltic rocks and
gabbro), and the Kampen granodiorite (massive to foliated granodiorite with
a few relics of gneiss).

The supracrustal rocks of the Myrefjell and the Aurevatn formations form
a 5-10 km broad SE-NW trending belt flanked on born sides by infracrustal
rocks, i.e. the Kampen granodiorite to the south-west and the Øverbygd com
plex to the east.

Although no direct connection exist between the Kampen granodiorite and
the similar rocks of the Øverbygd complex, the assumption can be made that
the granodioritic rocks on both sides of the supracrustal belt are of the same
age. Landmark (1959) has chosen this point of view. There are, however, some
differences between the two regions of infracrustal rocks. While the Kampen
granodiorite is mostly made up of fairly homogenous type, the Øverbygd
complex, in addition to such types, consists also of grey, banded gneisses and
migmatites. The occurrence of amphibolitized and deformed metabasaltic dykes
within the gneisses also indicates a more complex history of the Øverbygd
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rocks. In the new road cuts north-east of Jutulstad and south of Målselva, the
Øverbygd granodiorite is seen to intrude and partly assimilate a minor body
of biotite-gabbro. Along the same road, the granodiorites, gneisses and mig
mariceß can aißo be 3een forming a 3L-plunZinZ ancikorm, the nose of which
is eroded by the stream joining Målselva at Jutulstad.

K. Landmarks correlation of the granodioritic rocks of the Kampen and
Øverbygdas area is supported by the fact that both granodiorites show intru
sive relations to the separating belt of supracmstals. The Kampen granodiorite
intrudes the Myrefjell formation, e.g. on the 602 m hill north-east ok Kampen
where a more rkan one kilometer long enclave of Myrefjell metavolcanics is
enclosed by granodiorite. In a low road cut leading to Rundhaug from the
west, the original intrusive character of the granodiorite (against amphibolitic
greenstone) is also preserved. More often, however, the contact runs parallel
to the banding, or foliation, shown by the metavolcanic rocks and has in many
places been subjected ro postintrusive shearing.

The contact between the Øverbygd complex and the rocks ok the central
supracrustal belt is well exposed along the roads both north of Målselva (at
Trongen) and south ok this river (the road turnings east of Alappmoen),
where a steeply dipping fauk separates the two rock units. This fauk can be
traced southwards along cne spur rising towards Alapp Mt. On tne south part
of this spur supracrustal rocks (chlorite schists) also appear east of the fauk
and are here intruded by rne Øverbygd granodiorite, which contains schist
xenoliths. The basal conZionierace of tne ttyolitnuB 2one overlieB botn BcniscB
and granodiorite nonconformably.

The Myrefjell formation.
The nåme, the Myrefjell formation, is suggested for a sequence of generally

steeply dipping, mainly metavolcanic rocks (the Mauken amphibolite of
Landmark (1959). The metavolcanics are mixed with sedimentary material
which occurs also a8 separate layers of minor thickness. The predominant rock
types are epidote-amphibolites and epidotic greenstones. Relic pillow struc
rureB (e.g. due north-west of Myrefjell), Zra6e6 tuff bedding (north-west of
Aurevatn) and flow structures (as in the gorge SW of Grønkampen) all
suggest an extrusive, or effusive, origin of the metavolcanics. The intercalated
metasediments, which usually dip as steeply as the amphibolites and green
stones, represent originally fairly pure carbonate and arenaceous sediments.
At one locality, a quartz-banded iron ore was found in a quartzite bed. In thin
section, rne tuffogenic metavolcanics are seen to contain notable amounts
of terrigeriic detritus.
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3ince repetirion on 2 larZer scale nia^ occur in rke rocks,
rkeir true rkickness is dikkicuir to estirnare. 2 dip ai ?o°, or sreeper,
rke kormarion measures more rkan 3 km.

The rocks ok rke Myrefjell fm are generally in faulted conracc with the rocks
of the Aurevatn formation. Onl^ south and west of (^r^nlcampen normal con
tacts are found (see p. 66).

The Aurevatn formation.
The term the Aurevatn formation is 5UZZe3te6 as a coiiecrive nåme for the

metasedimentary and, probably, mixed metasedimentary and metavolcanic
rocks that make up an overturned (to recumbent) antiform, which culminates
just south of Aurevatn and plunges norrneri^ under Takelva. The lo^verrnosr
and Poldest) rocks expose6 alonn6 and just south of Aurevatn are mainl/
compact iel^spatic and scnistose micaceous c^uHi-tTites. 'lnen lolio^vs a sec^uence
of sericite-chlorite schists, which in the overturned (western) flank of the
antiform are sheared and re6uce6 in tniclcness, r>ut which form a thicker
succession of mainly lens-structured chlorite schists in the upper flank of the
structure. On both flanks it often contains considerable amounts (5-10 %)
of <lisselnin2teci maZnetite wnicn ni2^ be concentrateci in cm tniclc ban^s in
hinges of local kol6s. NE of Aurevatn a rnin la/er of 6allc, rusc^ Zrapnice
scnisrs is koun6 in the cniorite scnisrs.

A little further north-east of Aurevatn these rocks are directly overridden
by the Caledonian thrust masses, and due east of Aurevatn, the basal thrust
cuts into the quartzites occupying the core of the antiform.

North of Aurevatn, tke skeareci, magnecite-bearinZ ckiorire schists in the
western flank of the antiform are underlain by a thin limestone bed and
sericite schists, which downwards (? stratigraphically upwards) become
calcareous.

sourk ok Aurevatn caicareous sckists overlie eke rnetavoicanics in

rke easr klanlc ok rke kili 6?) in sourk-easr ok (Fl^nkarnpen. li^ese caicareaus
sckisrs ma^ r>e correlare6 xvirk rke caicareous sericire sckists koun6 norrk ok
Aurevatn.

The 6escrir>e6 succession from the lower flank of the antiform is also

developed around its closure and in its upper flank in Takelva valley, where
the different members attain considerably greater thicknesses. The limestones
mapped by Landmark (1959) at Soleng (lower Takelva valley, just omside
the area ok Fig. 2) thus represent an antiformal hinge zone concentration of
the mentioned topmost calcareous strata of the structure.

'lke cklorite sckisr and orker makic rocks ok rke Aurevatn km are
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or partis of volcanic origin. In kact, it is otten difficult to distinguish hand
specimens of the highly sheared Myrefjell metavolcanics from those of the
chlorite BcniBtB of the Aurevatn fm, just as it is difficult to distinguish
between the Aurevatn feldspatic schists and quartzites on one side and the
mylonitic rocks of the overthrust unit on the other side. As for both problems,
stlucrural mapping affords the only solution (see Fig. 2).

doncerninA the age relations between the Myrefjell formation and the Aure
vatn formation, the evi6ence is conflicting. The faulted contact between the
two formations (from Aurevatn to lower Takelva) might create the impression
that the Aurevatn rocks, due to their lesser dips, originally rested unconform
ably on top ok the Myrefjell rocks. I'kiB situation is actually seen south of
Grønkampen, where the quartzites of the Aurevatn fm lic with low dips (about
10° to ESE) on top of greenstones belonging to the Myrefjell fm, which dip
vertically and strike at almost right angle to the c^uarr^ire. 3ili3 of Zreenzrone
have, kovvever, been encounrere6 within the Aurevatn c^ua,lt2ireB and in rkeBe
sills traverse cleavage and foliation may be seen. Along the upper courBe of a
stream west of Grønkampen graphitic dark slates and calcareous phyllite
apparently underlie the Myrefjell metavolcanics and show very low dips in
contrast to the steep structures ok the overlying metavolcanics. Poor exposures
and insufficient field work render it difficult to interpret the stratigraphic
relations here. The steep fold axes found in the Myrefjell rocks could be
explained as håving been formed along with flexuring which accompanied
later faulting, and, therefore, these axes can not be used a8 safe evidence that
that the Myrefjell rocks xvere 6ekorme6 bekore the 6erx)Birion of tke Aurevatn
formation.

Because of a lack ok evidence to the contrary, and due to the occurrence of
metabasic rocks wirkin dotk kormacionB, it miZkr be a6viBable to Zroup the
Myrefjell fm and the Aurevatn km rogerker and conBi<ier them belonging to
one larger unit, for vvkick '«ve BuZZeBt the term the Målselva group. Thus, the
Målselva group includes all the Precambrian supracrustal rocks, forming a belt
in a SE-NW direction and extending throughout the Mauken window from
Alappmo in SE to the lower Takelva valley in NW.

The supracrustal rocks occurring around Alappmoen could also conveni
ently be ascribed to the Målselva group, since their correlation with either the
Myrefjell or the Aurevatn fms remains somewhat uncertain. They comprise
epidotic greenstone, lens- structured chlorite schists and subordinate calcareous
layers. At Målselva layers of magnetite ore also occur locally. They are exposed
on a small peninsula on the south bank ok the river, due NW of Alappmoen.
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These occurrences are of no economic value. At Alappmoen and also north ok
Målselva saussurite-gabbro Kaß been met with. It is not known whether this
rock type is of Caledonian or Precambrian age.

Structural control of the Nyland anomaly.

The reason that geological reconnaissance and structural mapping was
started within tke area of tke Mauken window was the discovery of a distinct
aeromagnetic anomaly during the systematic geophysical prospecting conducted
in the summer of 1963. Comparisons between the NNW-SSE trend of this
anomali and the general NW-SE strike of the formations mapped by Land
mark (1959) indicated a "hidden cause" for the anomaly and focussed interest
on it, even ik itB m^Zniru6e is not exceptional. Photogeologic studies were
made made before tne field season of 1964, and soon after the start of the
field work it l)ec2me obviouB tnar the main Hnomaly (arounci Nyland, 3ee
Fig. 2) could be related directly to a structural element, i.e. the axiB of an
overturned to recumbent antiform, made up of the rocks now grouped as the
Aurevatn fm. The existence of this structure was first proved when its hinge
zone around Takelva west ok Nyland was mapped. Since the axial plunge was
greater than the slopes of the mountains south ok Takelva, it could be
predicted that the subsurface rocks of the main anomaly region at Nyland
woul6 appeal on the mountain plateau around Aurevatn. The main emphasis,
therefore, was placed on the study of this plateau. The discovery ok magne
tite-bearing sericite and chlorite schists (which, when crushed, reacted strongly
to a hand magnet) both within the lower and upper flank ok the antiform lekt
little 6oubt tkat the Nyland anomaly zkoul6 be explaine6 by 2 slightly higher
magnetite content in the schists ok the plunging nose of the antiform. Thus,
neither the rock association nor the size of the anomaly left much hope for
finding ore deposits ok economic interest, and, consequently, prospecting was
abandoned.

From Fig. 2, where the Principal results of the aeromagnetic survey and the
geologic mapping are shown, ir is also clear that rke values over 3500 gamma
were obtained only above supracrustal rocks and especially above rocks ok the
Aurevatn fm.

The Nyland 2norn2ly may serve as an exarnple ok a "discordant" anomaly
cauBe6 by thickening and concentration of magnetite-bearing rock members
along the axis of an overturned to recumbent antiform. As shown in Fig. 2,
there exizrs a cloBe paraiiel^rn berween the anomaly 6irection and the axial
trend. The fold axes shown in Fig. 2 were constructed from foliation poles.
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The Divielva window.

During the regional aeromagnetic survey referred to above, a small, but
conBpicuous anornal^ xvaB alBo kaun6 west of the precamorian window in
Dividal. 'lliiz so-called Frihetsli anomaly was checked in 1965 by rneanB of a
geophysical ground survey and geologic field work. Ultimately, a drilling was
performed in order to verify the interpretation thus obtained.

The main purpose of the geologic field work was to assist the geophysicists
in cnoBin^ the right model for further interpretation and calculation, and to
arrive at an estimate of the depth to the Precambrian basement below the
planned site of a drill hole.

Since the anomaly maximum lies due west of the exposed Precambrian
rocks, its cause could be sought either within the overthrust Caledonian rocks
or in the underlying Precambrian rocks. A 6etaile6 mappinZ of the overrnrusr
rocks of the anomaly area and ok the Precambrian exposures was undertaken,
and the autochthonous rocks ok the Hyolithus zone were Btu6ie6 as well.
This work was greatly facilitated by the grid established for the geophysical
ground survey and by air photographs kindly placed at our disposal by the
koreBrr^ Department of Troms.

The Precambrian basement rocks.

As mentioned by Vogt (1918) and more recently by Gustavson (1963),
Precambrian crystalline rocks and Cambrian sedimentary rocks of the ti/o
lithus zone outcrop along Divielva in an elongated window. Gustavson (1963)
mentions two windows, bur strictly speaking there is only one window with
two inliers. Since these earlier works contain conflicting results, a redescription
of the Divieiva window will be given along with the presentation of the struc
tural data. The southernmost and the largest area of Precambrian rocks nere
called the Frihetsli inlier, is found on the east side of the Divielva around the
lower courses ok Kleivbekken and Kvernelva, where good sections in the NW
striking basement rocks are Been. Additional expoBureB are koun6 along a small
Btleam north ok Kleivbekken, along the 1026 to Frihetsli and scattered within
the forest, which largely grows on morainic deposits.

The predominant rock type of the Frihetsli inlier is a medium-grained,
pink gneiss of almost aplitic composition. In the Kvernelva zecrion, ir contains
la^erB and lenricleB of kine-Zraine6 ampni!x»lire, which, like the gneiss, is trans
sected by slightly discordant pegmacites (usually a few tens of cm thick). The
ampnicx)lireB ma^ rerilesenr ko!6e6 and rneramolpnoBe6 basic inrruBive3
(Pettersen, 1874). In the gneisses along Kvernelva, metre-large enclaves and
lenricleB of raic-cremolire ulcramakic3 alBo occur. feitner the ampniboiires nor
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Fig. 3 Geologic sketch map of the Divielva window. Due to scale, the quartzites below
and above the coloured shales are not differentiated (cfr. Fig. 4).
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tne ultl2lnakicB conrain kello-lN2Aneric mineral in 2ppreci2r>le 2rnountB 2n6
botn roclc tvpeB are ok little irnport2nce.

The only mappable member in the basement rocks of the Frihetsli inlier
is an, 2t least 10 metre broad belt of Bvnkorlnallv 6o^vnkol6eci and lineated,
kel6Bparic quartzites. Inin la^erz of diorire ZneiBB alBo occur in the c^uartTice
belt. The feldspars of rne quartzite (up to 10 %) are often whitish weathered,
but a Bimilar weatnerinZ is aiBo mec wirk in the ZneiBBeB and peZmatiteB in
expoBureB l^inZ cloBe to or repleBentinZ the Buc>-<l2N'lr)li2N surkace on wnick
the rocks ok the Hyolithus zone vere originally laid down. Gustavson (1963)
correctly attributed a late Precambrian age to this weathering.

The Precambrian rocks of the northerly Sleppelva inlier are made up ok
homogeneous pink gneisses and granitic rocks.

The rocks of krinetBli inlier show a general NW Btrilce and moderate SW
dips. Small folds, development ok lineation and a slight curvature of strike
make possible a construction of tne fold axiB (see diagram I of Fig. 6). The
plunge ok 25° at 308° is, however, only representative of the norternmost
part of the inlier. Towards the south-east the axis assumes a horizontal posi
tion, and it shows a weak SE plunge at Kvernelva.

The means that neither the strike nor the axial trend concur with the general
EW trend of the neighbouring anomaly. Thus none of the exposed rocks
extend — along cheir strike or down their axis — into the anomaly area.
Therefore, 2 study of the joint directions in the basement rocks was under
taken. Most joints proved to be cross joints (kollowinZ the ac plane). I^iev
showed sporadic co2tinZB of police, Another v^ell 6evelope6 system B,rril(eB Kl^
and dips at moderate to low angles to NE. <loarinZB with nemacice and locali^
also epi6ore are toun6 2long rkiB system. No joinc system, no^vever, P2l2ileis
rne L^ trend of the 2norrialy.

Supposing that the magnetic anomaly is caused by rocks forming part ok
the burieci basement rocks west ok the window, it can be deduced that the
anomaly-causing body shows discordant relations to its surroundings.

The HyoliPbm zone.
The distribution ok the various rock members of the Hyolithus zone is

shown in Fig. 3 and the stratigraphic relations are illustrated in the diagram
matic profile of Fig. 4.

The Hyolithus sone generally starts with a basal (PCambrian) conglomerate
and quartzites. The basal conglomerate contains rounded pebbles of quartz and,
Bomecimeß, aißo of c^uart^ interZrown with tel6Bp2l as in pegmatite. The
feldspar grains of these pebbles are whitish weathered. The basal quartzite
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Fig. 4. Diagrammatic profile through the Divielva window.

itself now weathers light brownish bur is light greenish to grey when fresh.
It is often cut by a system ok quartz-filled joints. The basal conglomerate and
quartzites are overlain by coloured (red to green) shales except for the
sournerninosr part of the window vakere the coloured shales are missing. In
the bore hole west of the Frihetsli inlier, the coloured shales rest directly on
the Precambrian basement. Similar shales are well exposed along the road
I)et^veen Xieivoelclien and 31eppe1va, sko^vinZ in places navene cleavage,
which dips steeper to the WSW than the bedding. Folding of the originally
vertical joint planes was also noticed in several road cuts.

In the Boutnelnlrlo3t part of the window (i.e. along the eastern bank of
Divielva, north and south of Kvernelva), the basal conglomerate and quartzites
are overlain by darkbluish quartzites or sandstones of gritty appearance (due
to recent weathering of scattered pyrite grains?). This bluish quartzite is
correlated with the more light-coloured and banded quartzites which further
north overlie the coloured shales. In the south, the dark bluish quartzite is
succeeded by dark shales which upwards become more light-grey. Both the
<zuast2iceB and the Zie/ Bnale3 are 5016e6 inco a svncline, which is overturned
to the SW. Its axis plunges about 10° at 299° (see diagram II of Fig. 6). The
grey shales attain a phyllitic appearance and may enclose a few metre large
lenticles of chlorite schists in their rop parts. The grey shales were not differ
entiated by Gustavson (1963), accoMnZ to wnom the <^u2rt2ireB (at 3lepr>elv2)
are in direct contact with the overthrust Caledonian masses. Gustavson (1963)
estimated the thickness of the Hyolithus zone at Sleppelva co 75-80 m. Vogt
(1918) mentioned that it varies from 2 few ro hundred metres within the
'«vlndo^v.

Since in the southern part of the window the present topographic surface
Hes cloße to rne 3ur>(l2nibli2N levei of «wßion, weathering and 6epoßirion, it
is p083il)1e to 612^ a conrour M2p of cniß 6epoßirion2i plane. The contours
represent the horizon separating the weathered basement and the basal conglo
merates. The map (Fig. 5) Bno^vß a Zenrie culniin2rion within 2 generally
WSW dipping surface. In the eastern part of the Frihetsli inlier the basement
reaches altitudes of more rnan 300 metre as mentioned by Vogt (1918), bur
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Fig. 5. Contour map of the sub-Cambrian surface (Frihetsli inlier). The borehole is
showed by a cross within a circle.

doubted by Gustavson (1963). The depth to the Precambrian rocks at the
bore hole Bite west of the kliderzii iniier was estimated by assuming that the
dip of the sub-Cambrian surface remained constant. This estimate proved
surprisingly correct.

The general WSW 6ip of the Buli»'(l2liii)liali Buliace around vivielva is a
result of a larger basement uplift, which must be limited to the ENE by a
fauk or a flexure.

Returning to the diagrammatic Beorioli of Fig. 4, it må;? be poinred out
that the slight culminations shown by the Sleppelva and Frihetsli inliers do not
show any direct relation to the observed wedging out of the coloured shales
ok the Hyolithus 2vne. barker, it Beems rkar iliOreaseci uplift corresponds to an
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originally greater thickness of the autochthonous cover rocks. The way in
which the Caledonian thrust cuts off different sedimentary units in various
parts of the window, indicates that the uplift took place prior to the thrusting,
as advocated by Gustavson (1963) and airea^/ mentioned by Vogt (1918).
The folding noticed within the rocks of the Hyolithus zone just south of the
Frihetsli inlier may have been controled by pre-existing basement structures
and may predate the overthrusting because of its opposite directed "Vergenz".

The allochthonous rocks and their structures.

Within the anomaly area, which was mapped in 1 : 10.000, the following
rock sequence was found above the basal Caledonian thrust:

'rable.
Structurally highest:
(legend in Figs. 3
and 7)

!>4OO metres of massive to schistose amphibolite (ofs intrusive origin) and white quartzites.
about 150 metres of massive to schistose amphibolite
(of intrusive origin) with thin layers of biotite schists
and a discontinuous layer ok graphite-bearing biotite
schists at the base.

AQ

AM

about 150 metres of banded greenstones grading up
. wards into amphibolitic schists (ok probable effusive

ori^in).
f 0.5-3 m of limestone with slump (?) striictureB.

about 10 metres of co2lBe'Zl2ine6 biorire BcniBtB.

GA

FL

MS +
2bour 1)0 rnetreB ok eke "<^u2lt^ire cliviBion" ernbr2cinZ
(krom top ro bottom): Bericite csU2lt2ireB, 6enBe 2nd

() b2n6e6 or incenBivel/ lliyloniti^eci roclcB, 2
6iBcontinuc>uB nor^i^on ok c2ic2leouB, pyritic 6211cBcniBts,

and at the base, dark quartzites.
basal (^2ie6oni2Q tQIUBt

Hyolithus zone.
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The only unit of tkiz sequence xvnicn xviii be given c!oBer attenrion is the
limestone layer (FL of Fig. 7). This unit, particularly in its lower part, carries
fragments of varying size and shape. Some fragments are rounded to ellipsoidal,
whereas others are angular. Usually they occur irregularly scattered in the lime
stone, but in some cases they are concentrated along bedding planes giving rise
to gritty laminae. Several rock types may be identified among the fragments:
oiorite gneiss and Zranire, rremoiire ultramakicB, rock quartz, as xveli as quartzites
and rusty, coarse-grained, biotite schists. Except for the quartzites and biotite
schists which are very similar to some rocks in the underlying Caledonian units,
the rock kraZlnenrB were ol?viouBix 6erivecl from a pre-ilale^onian baxemenc,
i.e. a Precambrian crystalline complex of a composition aBtoniBninZl^ Bimilar
to tkat of the krinerzii iniier. The lirneBrc»ne la^er i8 Zeneraii^ light to i>luiBn
grey and may be somewhat Bilicikieci in itB rop part. Ic okcen Bno^vB incricate
folding highly reminiscent of slump BtlucruleB. It miZkc, no^vever, be 6ikkiculr
to 6izcinZuiBn Bucn BcrucruleB from rnoBe cauBe6 by <lale6onian BtreBBeB in an
incompetent layer. The writer is inclined to interpret the linieBtone la/er as
eitker a conglomeratic deposit or an agglomeratic calcituffite. The occurrence
of metavolcanics (of Peffusive origin) on top of the Jimestone could be tåken
as a support for cne I2Bt-menrione6 way ok oiiZin.

The lowermost portion of the "quartzite division" (i.e. the portion below the
sericite quartzites) shows a constant strike (Fig. 7). The niZner unitB take
the shape ok a west-plunging syncline accompanied by disharmonic folding on
a smaller scale. As shown in Figs. 6 and 7 the plunge of cne synclinal axiB
decreases in the higher units. The stereograms V and VI (Fig. 6) compile6
from readings tåken witnin rne alnpniboiitez of intruBive oriZin 2180 show a
wider scatter of the foliation poles. The seemingly complex pole distribution
of stereogram V is due to the interference between the W-plunging synclinal
axis and a SW-plunging 2xiB.

3ever2i ok cne BlN2iler BrruccureB in me rn2)vr Byncline N2ve Ziven rise ro

loc2i 2nci r2tkor inHiZnikicanr pyrrnorire rniner2iiB2cionB in me anriclin2l nin^eB.
I'ne3e 5N1211 concencracionz explain kully eke loc2i 2nom2iieB Buperilnpo3e6 on
cne lN2)or 2norn2iy P2ccern.

The general westward plunge of the major synclinal axis seemingly fits
well in the E-W trend of the magnetic anomaly (Fig 7). This parallelism,
however, is by chance. Apart from the above nienrione6 loc2i pyrrnocire con
centrations in small anticlinal hinges, no traces of mineralisation were found
within the overthrust rocks of the anomaly area, and the major syncline itself
appears ro have exerre6 a rather negative structural control on possible mine
ralisation.
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S a biotite schist

Fig. 6. Btnicmrez of the rocks of the Frihetsli area.
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Geology by the author.

Now, after the boring has been 6rille6, and the ccmze of the anonial/ is
known to be a gabbro body forming part of the Precambrian basement, these
arguments naturally gain in strength!

The upwards (and westwards) decrease in plunge in the major syncline
suZZeBrB the presence of an axial flexure. In addition to the attempt to
esrimare the 6eprk to the basernenr below the gire of the planne6 bore-koie
by meanB of the Icnown 6ip of the nea^-b^ exrx>Be6 Bub-d2liibrian peneplane
(see Fig. 5), an attempt was made to use the BrrucrureB in the ovelrkluBt
maBBeB. In an L-^ protile (inclu6inZ rke bore-koie) the basal rkruBr was tkuB
exrrapolare6 belo^v rke mounrainz west ok vivielva, cke rkruBr plane beinZ
6ra^vn paraiiei to the aBBume6 klexure6 axeB in the overrkniBr niasBeB. The
estimate thus made showed to be way too big. The plunge variations, there
fore, can now be explained as being due to the formation of imbricate
structures within the overthrust masses in response to the obstacle presented
by the uplifted basement rocks further to the east.

Concluding remarks.

The two examples described were chosen for publication not only because
of their geological interest, but also because they show how geophysical and
Btructulal methods can supplement each other. The Nlucculal 23 well as com
positional disharmony between 1) the Precambrian basement, 2) itß aurock
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thonous cover, and 3) the dale^onian tkrusc M2BBeB reßulre6 in superimposition
of internally complex geophysical effects which can only be interpreted satis
factorily once the tectonics of the region are known. In those cases, however,
where multiple geophysical methods alone permir a 6ekinice conclußic>n, Brruc
tural ZeoloZißtß miZkr benelir from the mo6eiß ckuß escablißne6.
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Btructural history of the Bygdin area, Oppland
By

John R. Hossack1 )

Abstract.

The tectonic history of rke area, which is part ok the marginal thrust zone
of the Norwegian Caledonides, is described. Within the area, the Upper
Jotun Nappe has keen thrust over the Valdres Sparagmite and the Bygdin
Conglomerate during the first Caledonian movement phase recognized in the
area (Fl). This thrusting induced cataclastic textures in the nappe rocks and
the sediments, and during a late phase of the Fl deformation, prc>6uce6 north
west trending linear structures, including the pebble elongation of the Bygdin
Conglomerate.

During the Becon<l movement phase (F2) a large northwest trending anti
form, the Bygdin Antiform, was prcxiuce6 xvnicn rekolcie6 the basal cnluBr
plane of the Jotun Nappe. The 2.xial trend of the minor BtructureB associated
with this antiform is exactly parallel to that of the first movement phase.

Structures of the third movement phase (F3) are found only on the minor
scale and have an orthorhombic symmetry similar to those described in the
Moine Thrust Zone, Scotland.

During the last movement phase in the area (F4), brittle structures which
inclu6e joints. joint-drag koiclz, and tenBion ZaBneB >vere korrne6.

1. Introduction.

The area described in this paper lies on the south-east margin of the Jotun
heim Mountains, 190 km northwest of Oslo in the County of Oppland. Struc
turally, the area is part ok the marginal thrust zone of the Norwegian Caledo
nides and within the area, the Upper Jotun Nappe, vvkick is the highest nappe
of the marginal thrust zone, has been thrust over the Bygdin Conglomerate
and the Valdres Sparagmite (Fig. 1).

The Jotunheim district was described by Goldschmidt (1916) who recog
nized two large crystalline nappes, the Lower and the Upper Jotun Nappes
vvkick xvere Bepalateci by a series ok sediments, the Valdres Sparagmite. Gold
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[3Upper Jotun Nappe I [ Cambro-Ordovician f^/VVVZA

(^Valdres zpllmgmite [7~|]E°-Cambrian 5pll!-<igm,te \/^^o9> mapper
§^3 Lower Jotun Nappe Fjf+l Pre-Cambnanfc\\^ Lower Jotun Nappe

Fig. 1. Geological map of the Valdres district.

schmidt suggested that the Lower Jotun Nappe had been emplaced during an
eariy phase of thrusting and that the Valdres Sparagmite was deposited after
or during the emplacement of the Lower Nappe. During a later pkase of
thrusting, the Valdres Sparagmite was overthrust by the Upper Jotun Nappe.
Goldschmidt regarded the Jotun Nappes to be rooted in the large synclinal
depression in which they now lic. In addition, Goldschmidt figured the de
formed Bygdin Conglomerate and included some measurements of deformed
pebbles.

Holtedahl (1936) was the first to postulate a large transport 6isrance for
the Jotun Nappes. He suggested that the Jotun Nappes were not rooted in
the depression but in fact "floated" on a basal thrust plane above the under-
lying sediments without showing signs of rooting anywhere. HoltedahPs
hypothesis has since been accepted by most Scandinavian geologists.

The Bygdin area was described by Strand (1945) who discussed the struc
rural petrology of the Bygdin Conglomerate and figured microfabrics ok the
deformed pebbles. He described near-orthorhombic quartz girdles with north
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west axes parallel to the pebble elongation, minor fold axes, and the postulated
movement direction of rke nappe. He also illustrated the exterme variation
in the shape of the pebbles from rod skapes to flat pancake skapes. The strati
graphy ok the Bygdin area and the surrounding district has been described
by Strand (1951, 1958). Strand's work on the Bygdin Conglomerate has been
used by orker workers to demonstrate the so-called "rf-lineation" associated
with thrusting, which is formed parallel to the postulatet movement direction
of the thrust (Anderson, 1948, Kvale, 1953).

Flinn (1959) noted the geological similarities between North-east Shetlands
and the Jotunheim, and also the comparable pebble deformation in the Funzie
Conglomerate (Shetland) and the Bygdin Conglomerate (Flinn, 1961). Both
conglomerates show similar types of rod and cake deformation.

In the present study, the Bygdin area was mapped on the scale of 1 : 20.000
and rke major strucrure and rke srrucrurai history of the area determined by
using the minor fold srrnccures and mociern scrucrurai reckni^ues suck as those
described by Ramsay (1957 a, 1957 b, 1960) and Turner ancl Weiss (1963).

2. Stratigraphy and Petrography.

(Aj Jotun Nappe Rocks.
The geological map of the Bygdin area is shown in Fig. 14 in which the

Upper Jotun Nappe is divided into two separate thrust sheets. To the south
of Lake Bygdin towards the Bitihorn, including the peninsula at the east end
of Lake Bygdin, the Upper Jotun Nappe is cornposed airnosr entirely of
gabbroic rocks. The rest ok the Jotun Nappe to the north and north-east of
Bygdin, along the north side of Lake Vinstra, is composed dominantly of
granite and intermediate igneous rocks. Between Lake Bygdin and the Biti
horn, the gabbro and rke Alanire skeers are separare6 by 2 thin wedge of
Bygdin Conglomerate, with bork the granite and the conglomerate wedge
dipping westwards underneath the gabbro. The conglomerate may have been
2 tkin we6Ze xvkick has been cauZkr up by the rkrustinZ and sc^uee^et in
between two moving thrust sheets.

'lke Lirikorn Zabbros are coarse Zraine6 epiZranular roclcs >»virk '«vkice «r

pinlc lel6spar an 66arlc kelrornaZnesian rninerais. In contraBc ro rke Zr2nire
skeer, rke Z2bbros sko^lv lirrle si^n ot caraclasis in6uce6 by eke I_lpper
I^sappe tkruBr movelneniB, excepc in rke area above rke rkruBc ok conZlo
rnerare, wkere rke Zabbro kaz been broken 6oxvn ro a kine Zraineci, sckiscose
pkyiionire.

ok rke Zabbros cleariy skoxv rypical iZneous rexrures, inclu6inZ sorne
rkyrkrnic layerinZ ot kel6zp2l an 6kerromaZnesian minerais, Zra6e6 be66inZ,
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and load casting of dense ferromagnesian layers inro less dense feldspar-rich
layers. Also in rkin Becrion, kornblende and 3pinel show well developed inter
cumulus textures suggesting crystallization of a late liquid in the interBtirial
spaces between the cumulus phases. The dominant assemblage is labradorite
clinopyroxene-orthopyroxene-hornblende, commonly with accessory mesoper
rhite, quartz, apatite, and black spinel. The proportion of amphibole rna/ vary
considerably and orthopyroxene may be completely replaced in the assemblage
by amphibole.

An ultrabasic body with sheared margins outcrops within the gabbro on
the west side of the Bitihorn massif. The core of the body consists ok an olivine
clinopyroxene-anthophyllite-labradorite-biotite-green spinel assemblage with a
clinopyroxene-orthopyroxene margin. I^kiB body seems similar to the ultrabasic
bodies described by Battey (1960) elsewhere in the Jotunheim. The antho
phyllite appears to be replacing olivine, and the stability field of anthophyllite
(Greenwood, 1963) suggests recrystallization temperatures between 65O°C
and 75O°C However, the addition of iron to the anthophyllite system can
iower the minimum temperature of the stability to 520° C(Hellner et al,
1965, p. 167).

The Litikorn ZabbroB appeal to have undergone a post-igneous recrystalli
zation. Many parts ok the gabbro are cut by a later series of anastomosing
shear planes and parts ok the gabbro on the peninsula at the east end ok Lake
Bygdin are remobilized and contain xenoliths ok gabbro with contorted lavering,
"floating" in a pegmatite matrix. The contrast between the mobility of rkeBe
structures and the more brittle deformation in the gabbro phyllonite suggests
rkac the remobilization was pre-rkruBring.

Ike granire Bkeec 13 coinr,oBe6 alrnoBt entirei^ ok granitic an6inrerrne6iate
aci6ic roclcB. ot rke locl« kave 2 Btrong cataclaBtic texture in6uce6 by eke

rkruBring ok tke Klappe, wkick KaB 6eBtrove6 rnuck ok rke original cexrure
ok tke roclc. liornblen^e an 6biorire granitt are 6orninanr, an6nio3t ok tke

rocl(8 conrain inicrocline perrkire an6a plagioclaBe rnav range in coni
poBirion krom albire ro oligocla3e/an<ieBine. 'lke inrerrne6iate roclcB are ckar

acteri^ed by 2 kigker 6arlc mineral concenr. One Bpecimen ok incereBr Bko^e6

a c^ual>c2-meBopelrkice'orckopvloxene-clinopvloxene 288emblage >virk an acceg-

Borv amounr ok oligoclaBe, wkick BuggeBtB tkat ckiB rock lieB in rke grannlire
tacieB. above eke rkruBc plane ar Lvg6in and ac variouB Kori2onB tkrougkour
rke granire Bkeer, tke graniric roclcB are brolcen 6o^n ro kine grained korn
blende pkvlloniceB.

relacionBkipB ok tke igneouB roclcB can be decermined. On rke norrk

3ide ok I^alce VinBrr2 (I^lap rekerence 92400), Bkeer 1617 1), 2ngular xenolirkz
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of intermediate igneous rocks were kound "kloaring" in a granite marrix,
suggesting that the inrermediare rocks pre-date the granite. North of Synshorn,
four xenolith-like lenses of labradori te-hornblende amphibolite were kound in
the granite. These amphibolites seem to be related to the hornblende gabbros
of the Bitihorn, and in fact the gabbro is intruded by granite on the peninsula
at the east end of Lake Bygdin.

A inera6olerire 6yice wirk a north-northeast trend was discovered intruded
into the granite at the east end of Lake Vinstra. Eleven similar dykes have
been recorded intruding rocks south of the I^in-(^en6e fauk aroun6 'lyin
holmen and Eidsbugarden by Mcßitchie (1965, pp. 85-87), and the larZer of
these trend northeast, though they may have been disturbed by later folding.
One metadolerite dyke running north by west is known in the granulites north
of the Tyin-Gjende fauk on Storegut (Battey, personal communication) .

?iecinZ roZerker rkese age relarionskips, rke igneous kisrory appears ro be
( i) (Gabbro crysralli^arion an6ernplacemenr ok rke ulrrabasic bo6y.
( ii) ?Inrerlne6iare igneous roclc clvsralli2e6
(iii) Inrrusion ok granire.
(iv) Inrrusion ok 6olerire 6ylce.

rke rocks above, inclu6ing rke 6olerire 6vke, sko^v an overprinring ok

tke greensckisc kacies rnerarnorpkisrn associated xvick rke rkrusrinZ ok rke

lepper )omn klappe, proving rkar rke cornpiere igneous kisrory is pre-ckrnsring
an6probably ok ?le-darnbrian age.

(B) Valdres Sparagmite and Bygdin Conglomerate.
The Valdres Sparagmite is a typical meta-arkose with a quartz-microcline

albite/oligoclase groundmass which is strongly deformed with the small quartz
and keldspar grains forming a parrly recrysralii^ed mo^aic. Biotite and musco
vite form a schistosity and much of the groundmass is flattened parallel to
rkis schistosity. Large round relic clastic grains of perthite and quartz can be
found, although rkese clastic grains are often shattered and broken. 'lecronic
evidence suggesrs rkar the sparagmire is kigkly 6ekorme6 and rkiclcened
tectonically although some relic sedimentary structures, such as current bedding,
are still evident. The petrology ok the sparagmite is constant throughout the
whole ok rke Bygdin area skowing no disrincr alternation of bedding ok
diktering composition.

ilie perrologv ok rke marrix ok rke Lygdin donglomerare is exacrlv rke same
as rkar ok rke sparagmire. ok rke pebbles are under )
microcline and cklorire, alrkougk a ke^ epidosice and graniroid pebbles are

presenr. I^ke original rexrure in rke pebbles kas been complerely desrroyed
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by caraclaBiB, bur a ke^v pebbleB show 3ome banning wkick is suZZeBrive ok
relic bedding. The conracr of the Valdres 3paraZlnire xvirk rke conZlomerare in
the less deformed area at Olefjell (Fig. 14) is very irreZular wirk muck inter
digitation ok conglomerate and sparagmite. The sparagmite and conglomerate
are over 360 m thick within the area mapped.

3. Minor «truoture» of the Bygdin area.
(A) Introduction.

At least four sets of minor structures were recognized in the area, and have
been separated by using their interference relationships (e.g. refolding with
each other). If different sets of structures in an exposure failed to interfere
with one another, they were tentatively arranges in the movement sequence
by comparing their style with structures of known age elsewhere in the area.
The second set of minor structures are synchronous with the only set of major
folds recognized in the area. Three of the minor sets include axial plane
cleavages, lineations, and minor folds. The fourth set includes folds and tension
gashes which are associated with joint formation.

A movement phase which pre-dates the minor structures discussed above,
may be present in the Lirikorn gabbro. The poleB of the iZneouB rnyrkmic
lavering have a diffuse girdle pattern with a northeast plunging axis. This
nortneast kol6inZ has reBulre6 in Bteep or inverre6 6ipB in the igneou3 l2verinZ
of the gabbro (6etelmine6 from inverre6 iZneouB Zla6e6 bedding and an
inverted load east), but 6oeB not fold the rnriiBc plane belo^v the gabbro
(synchronous with Fl). Structurally the gently dipping thrust plane appears
to cut across the steep layering ok the gabbro and i8 thus probably later than
the norrkeaBr kol6ing. It is suggested that the northeast folds are of Pre
darnbrian age.

(B) First Movement Phase (Ft).

The first Caledonian movement phase at Bygdin consisted of large scale
thrusting of the Upper Jotun Nappe over the Valdres Sparagmite and the
conglomerate. The thrusting induced cataclastic textures in the sediments and
the Jotun rocks, and formed the first schistosity of the area (Sl) parallel to the
thrust plane. Sl in the granitic rocks ok the nappe, is 6ekine6 by a cataclastic
layering in which new biotites and muscovites have crystallized. The general
effect ok the Fl cataclasis has been to reduce massive ? igneous granites to rocks
with a gneissic texture in hand specimen. Regular and irregular phyllonite
bands from a few centimeters to over one meter thick, .occur throughout the
whole of the granite outcrop. In addition to the bands ok phyllonite, small
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patches or isolated "knots" of phyllonite can be found. True mylonites are
absent at Bygdin because the srronZiy sheared rocks are roo coarse grained to
be defined as mylonites. Because of their phyllitic appearance, they are classi
kie6 as phyllonites (Knopf, 1931, p. 19). Hornblende phyllonites are especi
2lly well 6evelopeci near the Bygdin Hotel.

Most of the phyllonites have a closely spaced cleavage produced by the
prekerre6 orienrarion of Kornblen6e and biorire crvBraiB, nkick is parallel to
the cataclastic banding, but locally this cleavage is absent or even oblique to
the phyllonitic shear bands. In addition. cataclastic and phyllonite layers can be
found which are folded in a "similar" style by Fl folds about an Sl axial plane

cleavage (Fig. 2, A). This age relationship is tåken to indicate that the cata
clasiB eenerailv >vaB prior to cke formation of the Fl kol6B and Sl schistosity.
Only a small part of the gabbro has been alteret ro phyllonite. A thin sheet
of gabbroic phyllonite, 10 m thick, occurs just above rke thrust plane 2 km
south of Bygdin.

In rke non-conZiolneraric Be6inienrB beio^v rke nappe, rke biorire-muBcovire

sckiBtoBicy (31) 18 parallei ro rke ?caraclaBric layerinZ is 6ekine6 by

airernaring layerg ok sligkriy 6ikkerinZ Zrain Bi^e. 3orne ciascic rexrnres can
BriU be recoZni^e6 in rke 3e6imentB in K2N6 BpecirnenB an 6rkin secrions,

e.Z. large relic claBtic ZrainB ok perrkice an6c^uarrT kave
been klarrene6 2n6 elonZ2re6 in 2 Nolrk^eBr-BourkeaBr 6ireccion in 31 (kiZ. 2,L).

'lke 6ekolmecl pebbies in rke LvZ6in donZiomerare are klarrene6

31 (kiZ. 3) an6in rkin secrion rke biocires an6niuBcoviteB ok 31 can be Been
ro B^veep roun6 rke tlarrene6 pebbleB. 'lkese lei2tion3kipB are raken ro in6icare
rk2r rke ni2in pebbie 6ekormarion 6urinZ rke kl pk2Be.
31 rkronekour rke 2lea i^ 2 biotire-rrinBcovite BckiBroBicy, bur in rn2ny ot rke

iZneouB rocicB, relic iZneouB Kornblen6e KaB been reorienrare6 ro korm planar
(31) an<l linear (1.1) k2bricg. Ike 1.1 line2l zrrucrures in rke Zranire are 6ue

ro rke parallelislii ok elonZate kel63par an6Kornblen6e cryBraiB. In Borne local
irieB, 1.1 i8kornie6 by rke kinZe lineB ok "silnilar"-rype koicis tol6rke

cai2ci2Bric i2yerinZ 2n6 by rke inrerBeccion ok rkis i2yerinZ wirk 31. Ike 1.1
line2tion >V2B 6erecre6 2r oniy one loc2iiry in eke Zabbro, in6ic2ring irB Zener2i
reBiBr2nce ro eke kl

Ike 1.1 3rrncrureB in rke conZiomerare are 6ekine6 by elonZare pebbieg an6
a kine Btriarion linearion on rke pebbie Burkace exacriy parallei ro rke lonZesr

pebbie axis. In 80liie loc2iirieB, rke pebble3 k2ve ki2r p2ncake-lilce BkapeB, an6
in rkeBe pebbies, rke lonZesr axiB is nor ai^vays 6eterminable. Ito^ever rke
kine Brri2tion linearion on rke pebbie Burkace is 288unie6 ro 6etine eke rren6

2n6 plunZe ot rke lonKeBt 2xiz ok rke pebbleB. 'lke 288urnprion rk2r rkis tine
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1 m

Fig. 2. Minor structures of the First Movement Phase.

striation lineation is of Fl age might be in error because a gimiiar striation
on the pebble surfaces is parallel to the axes of the later F2folds and F2mica
crinkle lineation (Fig. 8, F). Hence much of the striation lineation might be
of F 2age. tio^vever in two localitiez the Bullace striation is k016e6 by F2
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Fig. 3- Oelormecl czuart^ite pebbles lyinZ klattenes in the S schistosity.

minor k0163 (kig. 8, O) an6rnnBr rkerekore de ar leazr parrlv ok kl age.

The conglomerate matrix is also lineated, with LI being picked out by
elongated feldspars and micas. Cleavage bedding intersection lineations are
present, especially in thin sparagmite bands that indicate original bedding
surfaces within the conglomerate (Fig 2, C). Most of these intersections are
parailei to the regional LI trend with gentle plunges to the northwest, dur
some plunge quite steeply to the northeast.

Two types of Fl folds can be distinguished in the conglomerate. The first
type is picked out by folded pebble-free sparagmite bands (Fig. 2, C), and
the second type by folded pebbles. The latter type is often difficult to distin
guish from the folds in the pebbles developed during the second movement
phase. However, the first "pebble folds" have Sl as an axial plane cleavage
(Fig. 2, D, E, F) wnerea3 the Becon6 "pebbie 5o168" al^vayB rekol6 Sl, the plane
of pebble flattening (Fig. 7). In contrast to the almost homogeneous deforma
tion of the majority of the deformed pebbles, these first "pebble folds" must
be the re3ulr of innomoZeneouB 6ekormarion. Like the LI cleavage bedding
intersection lineations, the Fl folds in the pebbles have the regional Fl north
west trend and the gently or steeply plunging northeast directed trends.

The Fl lineations in the sparagmite are defined by elongate feldspars and
micas, and cleavage bedding intersections, all håving a northwest trend. Because
the compositional homogeneity ok the Valdres Sparagmite has given rise to a



87

Fig. 4. Large F t bedding folds in the Valdres Sparagmite.

general nomo^eneouß 6ekormacion, kol^z of all ages are rare. However, Fl
folds can be koun6 in c^uarr^ veinß k016e6 about Sl. In addition, exaraples
of folded green and pink epidote- and feldspar-rich bands (relic bedding?)
are present on a minor scale. These folded structures have an extremely ductile
style in which the fold cores are commonly detached from their limbs (Fig. 2, G)
and nia^ eitker be tectonic or ze^imentar^ slump ioicis. The Sl schistosity
is parallel to the axial planes of all these folds. In addition to these minor
folds, a few large Fl folds can be found in the sparagmite (Fig. 4). These
fold the sparagmite bedding and are recumbent isoclinal "similar" folds.

Fl boudinage Btrucnrreß were observed at three localities in the nappe rocks
and the sediments. They are thought to represent elongation strains of the
first deformation. At two of the localities, the long and intermediate axes of
the boudins lie in the Sl schistosity plane (B.A. 1 and 3, Fig. 5) and were
probably formed by an extension axiß which lay normal to the long axis
of the boudin in Sl (though tniß is not necessarily true, cf. Rast, 1956, Flinn,
1962). Application ok the experimental results of Ramberg (1959) suggests
that the axis ok rnaximnni BnorceninZ for rneße tv/o exaniples la^ approxiina
tely normal to the long axis ok the boudin and Sl. At the other locality (B.A. 2)
there are rhomboid boudins and the extension and contraction axes have been

derived by bisecting the angles between the intersecting rhomboid planes.
Maximum extension and contraction axes are plottet for the three localities
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Fig. 5. Fx boundinage structures and their calculated extension (E) and contraction
axes (C). Oonn - long axes of the boudins.

(Fig 5). The stram axes derived from the boudins are consistent with the
kinematics of pebble deformation which will be described in a kuruke paper.*)

The rhomboid boudins discussed above (locality 2^ km east of Bygdin at
924998, map sheet 1617 1) occur in a phyllonite shear band and indicate that
boudinage occurred after cat2ci2Biß and pn^iloniriTacion, i>ur the age reiarion-
Bnip3 of the Fl folding and Fl bou6inage are unlcnoxvn. A pn2Be of Fl peZ
matite injection can be dated with respect to the boudinage. A r>ou6inaZe6
pn^iionire band with peZmarire injecce^ inro the Bpaceß between the bou6in3
was found at 949982 (map sheet 1617 1) 5Vi km east of Bygdin. The peZina
tite was einriiaceci either with or after the r>Qu6inaZe formation, bur the
pegmatite has undergone greenschist facies metamorphism which can be
shown to be associated with the Fl phase. This pegmatite injection may be

*) Hossack, 1968. Pebble deformation and thrusting in the Bygdin area, Southern
Norway. I'ectonopkyzicz, in press.



Fig. 6. Stereographic plots of the minor stlncNires of the Bygdin area. A. S, pole».
B. Fj fold ax« and lineHtic)liB. C. S2S 2 polez. D. F2F2 fold axez and lineations. E. S3S 3 poles.

F. F3F 3 fold axeB and lineations.

equivalent to the pegmatites injected along thrust planes at Eidsbugarden
(Battey, 1965).

The 6et2ileci klBtQl^ of the Fl movemenr pkaBe is as kollar.
( i) Thrusting of the Upper Jotun Nappe with phyllonitization and

cataclasis.

( ii) Folding and boudinage of the phyllonite bands. Sl formation and
pebble deformation. PPegmatite injection.

(iii) Greenschist facies metamorphism (synchronous with (ii) ?).
Sl -poles throughout the whole of the Bygdin area display a Zir6le pattern

with a gently plunging northwest axis (Fig. 6, A). I'kiB Zir6le 6iBtriburion is
a result of folding by F2 major and minor folds. The Fl linear BtrucrnreB and
fold axes have 2 wide variation in orientation (Fig. 6, B) with 2 maximum
which corresponds to the gently plunging regional trend of Fl. However,
east and northeast trends are present in the Fl lineations at Barnesodden
(Fig. 15). In addition at various localities near Bygdin, kl folds in the pebbles
and cleavage bedding intersections in the sparagmite have northeast trends.
The steeply plunging kl structures of Fig. 6,8 are result of later F2and F3
refolding. The Fl minor structures and the strains indicated by the deformed
peddig give no clue to the direction of movement ok the Upper Jotun Nappe.
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Fig. 7. Plane of pebble flattening (Sx ) folded by F2F2 minor folds with the production
of an S2S 2 axial plane crenulation cleavage.

(C) Second Movement Phase (F2)

The linear BtruccureB of the second inaveinonr pkase (1.2) are generally
difficult to distinguish from those of the first movement phase because the
first and second linear structures are parallel (Fig. 6, B and D). However, the
second folds can be shown to post-date the first movement phase because ckey
refold Sl (Fig. 7) and Fl folds (Fig. 8, AandC). The Bnap« of the F210163
range from gentle to isoclinal (terminology of Fleuty, 1964) and the 3r/Ie
from "parallel"- to "similar"-type (Fig. 8, E and B) otten v^itn a crenulation
axial plane cleavage (Fig. 7). Vock a^rnrnettical and ByrnlQerlical F2tol^z are
present, the various shapes being related to the major structure. The different
styles of the F2folds do not appear to be controlled by rock composition bur
occur rnrouKnout all rock types. The styles appear to be controlled by the
grain size of the rock with the "parallel"-folds occurring in coarse grained
rocks and the "similar"-type folds in the fine grained schistose rocks (e.g. the
pkMoniceB).

Deformed pebbles can be found lying with their shortest dimension normal
to the S2S2 crenulation cleavage (Fig. 7). These pebbles have either been rotated
as rigid bodies or have redeformed during the second movement phase. In
addition, the original plane of pebble flattening appears to have been locally
rotated by Fo folding until Si can 50lnecirne5 lie almosr parallel to S->. The



91

Fig. 8. Minor structures of the Second Movement Phase.

formation of S2S2 axial plane cleavage is restricted to the area coveret by the
inset map of Fig. 15 and to the core of the Bygdin Antiform. The majority
of the F2F2 rninor kol6B are reßtticre6 to the conZiomerate and are rare in orker
rocks of the area.

One note^vorck^ kearure abouc the F2F2 BrlucrureB is that throughout the whole
area, the F2F2 linear structures (L2) are, with two exceptions, always parallel to
Li (Fig. 8, F). In rneBe two exceprionz, a kine Li Btriarion linearion is oblic^ue
to and folded by "parallel" F2F2 minor folds (Fig. 8, D). The kacr rkac muck
of the fine striation lineation on the pebbie 3urkaceB appearg to be ok F2F2 age.
has already been mentioned. These examples of refolded Li striations prove
that some of the striations are ok F x age. The divergence in trend of L and
L2L2 in the two exceptions is about 5° to 10°. The parallelism of Lx and 1^
could be due to the following.

( i) The F2 deformation has oriented LI into parallelism with L2.
(ii) 1.1 N2B conrrolleci eke orienrarion ok I.?.

Hypothesis (i) states that the pre-F2 trend of L has been rotated into its
present regional noirn^vezc trend by the F2F 2 6ekorrnarion. However, exrenzive
rotation of Li seems unlikely, because ar Olekjell F2F2 niinor 3rruccures are absenr
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but Lx still has the regional northwest trend. The absence of F2F2 structures
suggeßts that F2F2 strains might be absent here (though ckig is not necessarily
true) and kence the norrk^eßr trend of 1., at Oletjell migkr show the pre-I^
trend of Li for the whole area. In a66irion, the unrolling of rke rekol6e6 Li
striation lineation (Fig. 8, D) which occurs in the area of antiform-A (Fig. 15)
gives the pre-F2 trend of this lineation as northwest-southeast. Both these lines

of evidence suggest that prior to F2F 2 the trend of L was more or less parallel
to irß present trend.

Hypothesis (ii) states that the pre-F2 trend ok L was northwest-southeast
and the formation of Li inciuce6 an anisotropy in the rocks which controlled
the direction of the later F2F2 folds. This hypothesis is tentatively accepted by
the writer because of the structural relations at Barnesodden. Here L departs
from the regional northwest trend into an east or northeast trend. Similarly,
L2L2 departs from its regional northwest trend into the same east or northeast
trend, suggesting some anisotropic control.

The dominant trend of the F2F2 fold axes and linear BrrucrureB is northwest
southeast with low plunges ro the northwest or southeast (Fig. 6, D). Howeiver,
in the area of the Barnesodden peninsula (as discussed above) the F2F2 axial
6irecrionB nave a norrkeasc or an east trend. The S2S 2 axial surfaces have a north
west strike throughout most of the area and dip steeply ro the northeast or
southwest. The northeast girdle of S2S2 poles in Fig. 6, C, appears to be the result
ot svnrecronic rekol6ing of the S2S 2 planes by the F2F2 folds; the evidence kor rkiB
conclusion will be discussed later. Folding of the Si ischistosity by F2F 2 on the
major and minor scales accounts for the Si pole girdle of Fig. 6, A, with the
girdle axiB plunging gently to the northwest parallel to the trend ot the major
and minor F2F2 fold axes. With the exception of Barnesodden, F2F2 minor
folds are generally restricted to the conglomerate southeast ok Bygdin and in
the granite to the north and southwest of Bygdin.

(D) Third Movement Phase (Fs).

I^le rkird minor kol 6BcrncrureB vary in rkeir symmerry krom near-perkecr
orrkorkombic, rkrouZK monoclinic, ro rriclinic, an6in rkeir sryle krom "similar"
rype kolck ro "palallel".kol6s (liZ. 9). I°ke rkir6 BcrucrureB rekol6 bork ?i an6

?2 BrrucwreB (?iZ. 9). 'lke "3imilar"-rype kg kol6B are normally 6iBkarmonic

(kig. 9, an63omecimeB kave a crenulation axial plane cleavage (83). Klosr
kg ko!68 kave rkis style an6are UBually asymmerrical monoclinic kol6B.

in6icarion rkac tke rkir6 clekormarion conrains a klo^v componenr ok
6ekormarion parallel ro rke axial surlace ok rke kol6i« suZZesrecl by rke patternz
ot 6etorme6 Li lineations clevelope6 in parrs ot rke conZlomerare. 'lke tine
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Fig. 9. Minor stru«ulSs of the 'lkir^ Movement Phase.

Lx Btriation linearion is deformed in a sine-wave pattern on planar surfaces
(i.e. rke flattened pebbie surfaces) (Fig. 9, B). This structure is analogous to
the deformed lineations reported by Ramsay (1960, p. 80) in Glenelg. Ramsay
(ibid. p. 90) suggested that il the movement direction which deforms a line
ation, Hes within the plane of the lineation, no folds will develop but the
lineation will be deformed into a sine-wave pattern. Any new lineation devel

oped on the surface by the deforming movements xviii be parallel to the
H-6ilection. The L3L3 lineacion in the above B^rucnire is cku3 probably a true
H lineation.

Some of the "similar"-type third folds described above, deform Li and L2L2
linearionß 80 rnar rney now occupy partial Zrear circle» in projection. The
rf-directions of these folds have been calculated (cf. Ramsay, 1962, a). In some

exposures, Li and L2L2 appear to have been deformed during the production
of F3F3 folds. The angle between the lineation and the F3F3 fold axi's now varies
across the F3F3 fold, signifying that the third deformation induded a component
other than that of "parallel" buckling. Because ok the Bcale of rkeze koick,
individual 6ekorrne6 linearion3 cou!6 nor be inea3ure6, bnr rke approxiniare

plane in wkick rke linearion liez xva3 rneaßM-e6 in the kiel6 and the a-axis
calculated. Although this method is subject to inaccuracies of measurement,
ir probably gives an in6icarion of the approxirnare movenienr directions wirkin



94

the F3F3 folds. All the measured <l-lineation3 and d-directions calculated from

deformed lineations are given in Fig. 11, B. Ylmast all the d-directions plunge
between 0° and 45° to the east and southeast. Some of these deformed line
ations lie in gentle "parallel" folds with the fold axiß parallel to the L3L 3 line
ation (Fig. 9, C).

The rkir6 10165 show an exrrerne variation in axial plane and fold axis
orientation (Fig. 6, E,F). This variation cannot be explained as being wholly
due to the control of airea^^ 1016e6 81 surfaces on the orientation of the Fs
axes, or by later refolding. Much of the variation is thought to be the result
of the orthorhombic symmetry of the F3F3 structures. Some examples of box

folds (Fig. 9, D) were koun6 in the conZlomerare with axial trends parallel
to neighbouring F3F3 folds. In addition, in the more schistose parts of the granite,
a tev/ conjuZare ko!68 v/irk kink ban6B parallei to the axial plane v/ere koun6
which kave a style comparable to those described by Johnson (1956) in the
Coulin ForeXt, Scotland. Most of these folds consist of isolated unpaired kink
bands bur two folds were found which had the characteristic paired kink bands
inclined towards one another, of complete conjugate folds.

Only one F3F3 fold with perfect orthorhombic symmetry was found (Fig. 9, E).
Hnlormnarely rkiB v/28 in a fallen block and 80 its true orientation could not
be determined. An L lineation passes over one of the fold kinZeB 80 that the
angle between the deformed lineation and the F3F3 axis varies around the fold.

Because of the scale of the fold ir was not possible co determine accurately
whether the pattern ok the deformed lineation lies on a great circle or cornplex
curve (Ramsay, 1963). At least part of the 6ekorinarion ok tkiB fold >vaB accorn
panie6 by a "similar" style component (i.e. a component which dæs not
invoive klexurai slip). 17ki8 componenr rnav have been "continuouB simple
shear" (Dewey, 1965).

'lke 6ikkerence in Btvle benveen rke roun6e6 box kol6B in tke conZlomeeate

an6tke more angular conjuZate kol6B in eke BckiBtvBe Zranite i8probably a

reBulr ok tke 6ikkerence in rke rype ok BckiBwBicy rkey ko!6. 'lrue conjuZare
kol6B korm in cloBely laminare6 roclcs (Il.2inBay, 1962 b, p. 517) an6kence are

reBricce6 ar LyZ6in ro rke BtronZly BckiBtOBe partB ok tke Zranire. Vox kol6B
on tke otker Kan6korrne^ in tke conAiornerare xvkere tke 3i BckiBtosity i8more

Bpace6.

Although most of the F3F 3 folds are asymmetric monoclinic folds, the poles
to S3S3 from the whole area have an orthorhombic Bynunetlv 6etine6 by 2 diffuse
girdle pattern (Fig. 6, E). This orthorhombic symmetry can be compared
6irectly with the orthorhombic symmetry of the box and conjugate folds and
BuZZezt3 they are all of the same age. In three sub-areas (Fig. 10) more compact
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Fig. 10. F3F3 pole girdles from three sub-areas at Bygdin with their calculated stress axis.

S3S 3 pole girdles are displayed and zuZZe5« ckar the 6ikku3eneßß of cke conipoßire
S3S 3 pole diagram for the whole area (Fig. 6, E) is probably a rezuic of the
variation in oriencation from Bub-^IS2 to sub-area. The axes of these girdles
represent the line of intersection of the S3S 3 axial planes which fan about these
axes. The regional girdle axis plunges at a low angle to the east. In the three
sub-areas, the girdle axes plunge through the average orientation ok the Si
schistosity. This 28xminerrx prcxiuceß 6ivetZenr 81/83 intersections and accounts
for the complex F3F3 axial distribution (Fig. 6, F). The geometrical relationships
of this type of structure has already been described by Ramsay (1962 b) and
nee6 not be elaborated nere.

The fact that some of the F3F 3 folds are true conjugate foldls suggests that the
deformation of the other orthorhombic folds may have been similar to that
of the conjugate folds. Hence an analysis of cke third fold stress axes can be
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Fig. 11. A) dalculation of the stress axes from the S3S 3 pole girdle. B) Stereographic
plot of the <*3-directions and the regional intermediate principal stress axis (aint) of the

Third movement phase.

attempted using the symmetry of the F3F3 sTlnccureß (Johnson, 1956, Ramsay,
1962 b). The intermediate stress direction (o int) i*s assumed to lie along the
line of intersection of the orthorhombic axial planeg (and kence along the
girdle axis). The o-mt directions for the three sub-areas of Fig. 10 thus plunge
at low angles (10° -30°) to the east and Bc>uckeaßc. An approxiniare Zir6le axis
for the diffuse regional girdle of S3S 3 poles (Fig. 6, E) plunges at 25° towards
100° east. Now the inaximum and minimum stress directions (a moY and amiri11 13.X lill li
leßpectively) mußt lie normal to a^^ and kence lie 80lrlexvQele vvickin the S3S 3
pole girdle.

In a simple conjug^te fold witk nvo incerseccinZ axial planes, a max and
°min w^ bisect the angles benveen the nvo axial planes. In sub-areas A and B
of Fig. 10 however, almost complete girdles are present. Dtetinct gaps in the
girdles occur near the horizontal plane (representing gaps in the spread of
the axial planes near the vertical). The o max axis must bisect the angle of this
gap (Fig. 11, A) as it i5 nignl^ nnlilcely rnar an 2xi2l plane in 2 conjugate fold
would form parallel ro the o max axi!s. In fact in the conjugate folds produced
experimentally by Paterson and Weiss (1966) rne axial planes are all at 60°
to amax- The a^-^ axis will cnen lie 90° from y^^ on the S3S 3 pole girdle.
The o^2x axes for Bub-2re2B A and B lie near the veerical and the a m;n axes
near the horizontal in a north-south direction (Fig. 10). Comparison of the
calculated stress axes, the movement sense, and the direction ok maximum
shortening (e.g. the horizontal direction in the fold of Fig. 9, D and the
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Fig. 12. Basal thrust plane truncating F3F 3 box folds on the Bitihorn crags.

vertical direction in the fold of Fig. 9, E) displayed by the F3F3 foldfc in sub
areas A and B are essentially compatible. However, the movement sense and
shortening directions of some of the F3F3 folds of sub-area C (Fig. 10) do not
fit with a vertical dmax axis. The geometry of some folds in fact suggest a
horizontal a max axis. Horizontal shortening directions were found elsewhere
in the area with the best examples being displayed just below the thrust plane
on the Bitihorn crags (Fig. 12). Within the Bygdin Antiform (sub-area A,
Fig. 10) the axis of maximum compression appears to have been near vertical
tiur to the west and east of the Antiform the maximum stress direction appears
to have rotated into a horizontal direction. However, the intermediate stress
6ilecti«n (d^^) apr)ealß to have keen approximately constant in direction
throughout the area, because the S3S 3 pole girdles for the three sub-areas ot
Fig. 10 have a relatively constant axial direction.

The third deformation was probably nor a plane strain (Love, 1944, p. 45)
but had some extension (either positive or negative) in the direction parallel
to the o-mt axis, because the H-axeB of the F3F 3 deformation group around the
regional øjnt axis (Fig. 11, B). In spite of the fact that the directions of some
of the a-axes are only approximate because of the difficulty of accurate
measurement, and also that an #-axis does not necessarily represent the only
line of movement within a rock but one of many, the grouping of a-axes about
Cjnt demonstrates that at lea3t some of the movement took place along the
intermediate stress direction.
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(E) Fourth Movement Phase (Fj,).
1?ki8 is the last movement pkase in the area to develop minor structures,

all of v^kick have a drirrle Btvle and Beern to be inrirnarelv associated with joinr
formation. A joint analysis has deen presented by Strand (1945) who recoZ
ni^ed rkree joinr Becs in wkick rke dominant trend xvaB norrkeasr-80urk^ve5r,
approximately normal to the F and F2 linear structures. The northeast cross
joints are often represenited by two conjugate joint sets intersecting in a small
angle. The other two sets of joints trend north-south and west north west -
east south east. Because all the joints cut through the structures of the first
three movement phases, they are regarded as being later.

Small joint-drag folds can be found associated with rke cross joints and
because of the symmetry of the cross joints, the joint-drag folds may have a
conjuZare svmmerrv. 'lkev are alBo present wkere joinrz are absent. Orker
structures of the fourth movement phase include quartz or chlorite filled
rension ZaBk« wkick may or may not occur with the joint drag folds. The
tension gashes, which have both dextral and sinistral movement senses, cut
F3F3 folds and thus post-date the third movement phase.

5. Major Structure

The only major structures recognized at Bygdin were formed during the
first and second movement phases. That of the first movement phase is the
basal rkrusc xone of rke Upper Jotun Nappe, and ckoBe of the secon6 movernenr
pkaBe are norrkwsBr rren6inZ ancikorrns and BvnkorrriB.

(A) Basal Thrust Zone.
In the extreme southwest of the Bygdin area (Fig. 14) the thrust zone is

defined by a clean cut ckrusr ar rke base of the gabbro. tiere the thrust has
2 northeast strike (at 059°) with a dip varying between 14° and 47° to the
northwest. The change in trend of the thrust trace as seen on the map from
east-west to north-south in the crags below the Bitihorn summit, is purely
a result of topography. The rocks only show slight crushing below the Bitihorn
and phyllonitic rocks are absent. Most of the original textures of the gabbro
are retained ro within a few meters of the thrust plane.

'lke rkrusr plane ar rke dåse ok rke Zaddro rranBZreB«« ro a kikker ztrucrural
level N/^ Icrn nortk ok rke Lirikorn and 2 Becond ckruBr pl2ne conrinueB norrk
wardB ro dekine rke dasal rkruBt xone ok rke Klappe. daBal pkvllonici^ed

ourcropB rke rkrusc plane ar rke dåse ok rke Zaddro clanBZresBes

up^vards. 'lkis is a kine Zrained 3ckisrose roclc c2N de rraced up^vards
lrorn rke rkrusr kor 10 m and Zraduallv passes inro less cacacla^ic Z2ddra.
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Fig. 13. Stereographic plot of
the F2F2 major strucmreB. Dots - fold axes.

Crosses - poles to axial planes.

the transgression, the thrust plane is re
folded by antiform-A (Fig. 15) and the
trace of the thrust swings round to a
northwest trend. The thrust zone on
the southwest limb ok rkiB ancikorin is

compoBe6 ok a series of thrust wedges
which dip westwards below the gabbro.
The structural sequence going down
from the gabbro is:

( i) Conglomerate wedge closing
towards the north.

( ii) Granite sheet wedging out
towards the south.

(iii) Conglomerate and sparag-
mi re.

The granite and gabbro probably form
two separate thrust sheets separated

by the conglomerate wedge. The conglomerate pinches out on the peninsula
at the east end of Lake Bygdin. The contact to the north of this is not exposed
dur is rirobablx a thrust zone.

The thrust at the base of the granite (unit ii above) can be traced north

wards towards Bygdin defining the basal thrust zone of the Jotun Nappe. Near
the Bygdin Hotel, the thrust is folded about major antiforms ok the second

movement phase (inset map of Fig. 15). This folding has produced steep or
inverted dips in the thrust plane. To the northeast of the antiforms the thrust
plane trace conrirmn Bourne2sc inro Lake Vinstra. The Bttil^e nere is northwest
with steep dips ok 60° to 70° ro the northeast.

A basal zone of phyllonite is present in the granite just aboVe the thrust
plane, and can be traced from the thin granite wedge on the west limb ok
antiform-A, round the antiforms at the Bygdin Hotel towards Lake Vinstra.
The phyllonites vary in thickness from one meter in the core ok antiform-A
to 100 meters at Bygdin. In addition to the basal phyllonite zone, extensive
phyllonite horizons are exposed up to 400 meters above the thrust plane to
the north and northeast of Bygdin (Fig. 14).

kive ckin slices of deformed conglomerate occur wirkin the nappe to the
north and northeast ok the Bygdin Hotel. Three ok rke slices lie between 5 and
20 meters above the thrust plane in cke hinge zone of cke antiformal structures
at Bygdin (inset map, Fig. 15). The other two slices are Bcnicwl-2ilv 2bour

300 meters above the basal thrust plane on the northeast limb ok the Bygdin
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Fig. 14. Geological map of the Bygdin area.
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Antiform. Four of the slices are shown on rke geological map (Fig. 14). The
kikrk, which is roo small to show on a geological map at the scale of Fig. 14,
is ciepicred as rke small ko!6e6 lens (of F2F2 age) on the southwest limb ok
antiform-H on the inset of map of Fig. 15. The slices are all believed to have
been picked up during thrusting. It 6oeß not appeal that they represent fold
cores because the BtlucMlal data do nor indicate closures. The thrust plane
trace reappears on the north side ok Lake Vinstra on the Barnesodden penin
sua, bur is oniv expoßecl in one localitv to the norrneaßr ok the peninßu!a.

The conZionierare and BparaZlnire just beioxv the rnruzr plane have not keen
mvlonici2e6. However, in the thrust zone near the Bygdin Hotel, some inter
mixing ok conglomerate and igneous rocks has tåken place. Thin bands of blue
hornblende phyllonite (derived from igneous rocks) up to 10 cm thick, can
be found within the conglomerate near the thrust plane. Within the phyllonite
which lies just above the thrust plane, small fragments of deformed conglome
rate pebbles can be koun6. I^ieBe pebble kraZlnentB were probablv picked up
during the thrusting and phyllonite formation and were intermixed with the
phyllonite. As recognized by Flinn (1961), the rnruzr plane near Bygdin is
not a clean cut kaulr, bur is defined by a lithological break rather than an
obvious tectonic break.

In several outcrops on the Bitihorn crags, the thrust plane was found to
truncate F3F3 folds (Fig. 12). This indicates that the Bitihorn gabbro has under-
Zone a posr-kZ pnaBe of rnruzrinZ. 'lkig late movenienr coulci be 2 result of
readjustment along the thrust plane during 2 late phase of the third movement
period. This readjustment is similar to that reported Christie (1963) in the
Moine Thrust Zone. However, kakirites or secondary mylonites are absent on
the Bitihorn.

Major Fi folds were not recognized in the area. The form of the Fi minor
folds (i.e. S- or Z-form, cf. Fleuty, 1964, p. 475) varies from outcrop to out
crop. Now the form ok minor parasitic folds must change as a larger fold ok
the same generation is crvBBe6 from one limb to the orker, ttence the variarion
in the form ok rke Fi minor folds at Bygdin BuZ^eBrB rkar Fi kolclB exi«r on a
larger scale than any folds found in the area. However, from the number of
ki ininor ko!68 a^v2ilable, it is not poBBible to 6ekine any of these larger scale
folds or determine their true dimensions. The largest li folds visible in the
area are those of Fig. 4.

(B) Major Second Folds.
Eight major F2 folds are recognized in the area. The axial plane traces

(A to H, Fig. 15) can be determined by using changes in the strike and dip
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Fig. 15. Btructural map of the Bygdin area. Inset map - Btrnctur^l map of the area near
the Bygdin Hotel.
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of Sl In addition, the form of the F2F2 minor folds (i.e. S- or Z-form) can be
seen to change across the fold axial plane traces, proving that the major folds
are conrempolaneouß with the minor kol6B and kence are of F2F2 age. The largest
fold of the area (Fold-C, Fig. 15) is rekerre6 to nere as the Bygdin Antiform.

The Bygdin Antiform is disharmonic a8 can be seen when it is traced from
the lower strucrurai levels in the south of the area towards Bygdin. In the
south the Antiform is an open fold (cf. Fleuty, 1964) with dips ok 15° to 30°
on each limb. It becomes tighter to the northwest and north of Stavtjern
(inset map, Fig. 15) dips of up to 80° nere recorcle6 on the lirnbg. All orker
F2F2 major folds of the Bygdin area are large scale parasitic folds (de Sitter,
1958) on the limbs of the main Bygdin Antiform. The axial plane traces of
rke other folds, apart from the Bygdin Antiform, can onh be kollo^e6 for
short ckzrancez, and the k0!65 rkemgelvez are open excepc for ko!6z G and H.

The axial planes and fold axes of the large parasitic folds and of the Bygdin
Antiform (which has been divided into three sub-areas along the axial plane
trace because of its disharmonic style) have been calculated from the Si pole
girdles and F2F2 minor folds within each major fold (Fig. 13). The crenck of the
F2F2 major Brructureß are parallel to those of rke F2F2 minor Brructureß (Fig. 6,
C and D) and the 'lvkole system is homoaxial.

Lvi6ence of rekol6ing relationBkipB is given by folds G and H (inset map.
Fig. 15). The trace ok G can be followed from the small tarns to the north
ok Stavtjern, passing northeast of the Bygdin Hotel. On the northeast limb
of G, just north ok the Bygdin Hotel, rke tkruBr plane is folded about minor
parasitic folds of antiform-G. The shape of rkeBe kol6B is consistent with the
geometry of G. The trace of G then swings northeast to cross the trace of
antiform-H. This refolding of G by H causes antiform-G to change from an
upnar6 cloBinZ fold (in rke loxver ztrucrural level3) to 2 sideways closing fold
(as it croBse3 the core of H).

Antiform-H is excellently exposed in the isiand in the outlet stream of Lake
Bygdin and has a style and orientation smilar to the F2F2 folds. In addition the
minor para^iric k0165 on the limb of ancikorm-ti are rekol6e6 by minor F3F3
kol6B. It i8 BuZZeßte6 rkar ancikorm ti is of F2F2 age and that it has refolded
antiform-G during 2 later phase of the Becon6 movemenrß. The causes of this
refolding may be similar to those discussed by Wynne-Edwards (1963). This
refolding of G by H also causes refolding of the axial planes ok minor F2F2
kol6B wirkin ancikorm-(; and reßultß in the norckeaßc girdle of S poles in the
composite plot ok S2S2 poles ok the Bygdin area (Fig. 6- C). This girdle has an
axiß with a low plunge to the northwest and is parallel to the trend of the
major and minor F2F 2 structures. Refolding ok the second minor folds by a later
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major Becond fold is also present in antiform-A. Ikis rekol6inZ is probably
analogous to the refolding in antiform-H.

No major folds are recognized to the east of Bygdin. The Vinstra area is
not folded on a major scale and has a regional dip of 20° to 30° to the
northeast. In addition, major third folds are absent in the area. However, a
plunge culmination of Fj. and F2F 2 axial structures exists in the conglomerate
one km southeast of Bygdin. To the north of the culmination, Fx and F2F2 axes
plunge northwest and to the south the axes plunge southeast. This culmination
has a north or northeast trend which suggests that it may be a result of the
third movement phase.

6. Metamorphic history

The metamorphic history of the area will only be summarized to indicate
the metamorphic effects ok the movement phases at Bygdin. Strand (1945)
and Flinn (1961) have already discussed the metamorphic effects of the large
scale thrusting of the Upper Jotun Nappe.

The effect of thrusting on the igneous rocks of the nappe was largely to
reduce the gram size and to produce phyllonitic and schistose derivatives from
originally coarse grained ? igneous rocks. The pre-thrusting amphibolite facies
of the granitic rocks has been partly retrograded to greenschist facies bur the
granulite facies ok the gabbro i8 largely untouched. During the greenschist
metamorphism induced by the thrusting, muscovite and biotite were formed
to produce the Si schistosity. In addition, porphyroblasts of epidote and sphene
crystallized and the hornblendes in the granite have been partly or completely
decolourized.

Ike rkruBtinZ alBv prociuceci a ZreenBckiBt kacieB metamorpkiBm in eke Becli
mentB beio^v rke nappe. Viotite an6mu3covice cr7Btallixe6 in tke 8i BckiBtoBiry

an6polpkyloblaBtB ok epiciote an6Bpkene 6evelope6. 'lke main KreenBckiBt
metamorpkiBm can be skoxvn to pre-6ate tke Becon6 movemenc pkaBe a3epi6o
reB are no^v Been to be bent an6broken in tke ?2 minor kol6kinZes-

Both the F2F2 and F3F3 movement phases were accompanied by the recrystalliza
tion of biotire and muscovite in the S2S2 and S3S3 schistosities, but this recrystalli
xation is not widespread and BeemB to be of 2 lower gråde than the main
greenschist facies metamorphism associated with the thrusting of the Upper
Jotun Nappe.

7. Conclusions

Four movement phases are recognized by the writer in the area around
Bygdin. The first movement phase was synchronous with the thrusting of
the Upper Jotun Nappe over the conglomerate and the Valdres Sparagmite.
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However the minor structures associated with this thrusting give no clue to
rke 6irecrion of rkrußi movemenrß. I^iß rkru3rinZ cauße6 retrogression of the

amphibolite and granulite facies of the nappe to greenschist facies andproduced
cataclastic textures in the nappe rocks- Extensive phyllonite horizons were
formed within and at the base of the nappe and folding of these phyllonite
bands by Fx folds about an S axial plane cleavage suggests that the phylloni
tization was prior to the formation of the Fi minor structures. Si is the first
schistosity of the area and is paraUel to the thrust plane throughout most ok
the area. The deformed pebbles of the Bygdin Conglomerate now have a
klattenes and elonZate6 form with ckeir lonZ axeß lyinZ in the zckinosity.
Most of the pebble deformation was accomplished during the first movernenr
pka3e. The Fx lineation and pedbie elonZarion 6irection have a regional north
west trend bm on the Larneso66en peninßula in Lake Vinstra, the northwest
li lineations swing inco east and northeast trends- The cause of these changes
in the trend of Lj and the relationship of Li ro the movement ok the nappe
will be presented in a future paper describing the deformation of the Bygdin
Conglomerate.

'rke rklusr plane an6rke 6ekorme6 pebbleB are k016e6 by rke larer major
an6minor kol6B >vkick inclu6e tke LyZ6in an<l itB azzociateci major

an<i rninor para3itic kol6B. 'lke ?2 axial cren6 i8exacrlv parailel ro rke ?i axial
rren6 botk on eke major an6minor BcaleB.

The third movement structures occur only on a minor scale and have an
orthorhombic or conjugate symmetry. The stress axes of the third deformation
are tentatively cle6uce6 from the Bvmmecrv of the rkirci k0163- Within the
Bygdin Antiform, the maximum Principal stress appeal to kave been near
vertical with the minimum principal stress near-horizontal in a north-south
direction. Throughout the area, the intermediate Principal stress direction
appears to kave had a low plunge to the east or southeast. However, ro the
east and west of rke Bygdin Antiform, rke maximum and minimum principal
stress directions would appear to have rotated through 90° bringing the mini
mum stress direction to a near-vertical position.

A rejuvenation of movement along the basal thrust plane ok the Jotun Nappe
took place on the Bitihorn after the formation ok the F3F 3 folds.

Joint formation and associated minor structures were formed during the last
movement pka3eB recoZni^e^ at Bygdin- Movement along rke joinr surlaces
formed joint-drag folds and tension gashes. Because of rke conjuZare zvmmerrv
of rke cloBB joinrB, ciexcral and Binisrral kolciz and tenBion ga3ke» >vere kormeci.
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Geologi og petrografi på Nord-Karmøy
(Geology and petrology on northern Karmøy)

Av Hans-Peter Geis.

Summary

The author gives a description of rocks and tectonics on the norrhern and
central part of the island of Karmøy, West-Norway, 2nd concludes with an
inrerprerarion of the observationH and a geologic history of the area.

The following rocks are described, proceeding from the youngest to the
oldest, that is from the north to the south:

(3^ss«/c>b^^ original!^ tuff, a slaty greenish rock, consisting of oligoclase,
quartz, chlorite and biotite-

Lava greenstone. The main type is a more massiv greeaish rock with albite
oligoclase and actinolite as the main component and quartz, biotite, chlorite,
calcite and ore as accessories. There are typical lava structures to be found
Bucn as r>ißo^vB and orner proof of lava flow. The megascopic picture of the
rock varies, holocrystalline, epidote-rich and quartz-rich types are to be found.
Greenschist, quartzite and quartz-keratophyric rocks occur as concordant layers.

Amphibolite, 2 coarse rock, consisting mainly of albite-oligoclase and actino
lite, appears lowest in the sequence. The coarse rock is always intercalated with
rocks of the lava greenstone type, with the coarse constituent as layers, lumps
and veins-

These rocks are intruded by
epidiorite, 2 rock similar to amphibolite but with granitic texture and

sharp, disconcordant contacts,
Prondhjemite, dikes and lumps of a greyish-white rock consisting mainly

of albite and quartz with intersertale texture. Accessories are epidote, acti
nolite, chlorite, ilmenite, leucoxene, pyrite, limonite, biotite-

Concordant deposits of pyrite, sphalerite, chalcopyrite, pyrrhotite and mag
netite are interpreted as submarine-exhalative. One deposit is exhausted,
anotner one is mined, both consisting of pyrite with sphalerite and chalco
pyrite. The other deposits are of no commercial value-

Youngest is the quarternary till: boulders, sand and clay.
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The recronic proceBBeB have given rise to a syncline that in general follows
the eastern skore line of Karmøy, with NNW-plunge. West of the syncline
the strike is northwesterly with increasing dip angle vestover. East of the
syncline rke strike is northerly- The lineation of the rocks goes parallel with
the above mentioned syncline (B-lineation), another one (B') goes oblique
to the B-lineation.

Ikere are luptules rdac Btlike N-S with more or less horizontal movements
and others with strike NW-SE that are overrkrus^. Vork of them have to
some extent formed the topography.

All of the rocks are lnetarnorpkoseci in the "greenschist-facies". The koilo^-

ing local facies types have been observed from the north to the south:
1. albite/oligoclase - quartz - chlorite - biotite - epidote
2. albite/oligoclase - actinolite - epidote (quartz - biotite - chlorite)
3. same as 2, but coarBe crystalline.

It is not difficult to interpret the Zreen3ckiBr and the lava-ZreenHrone as tuff
and lava, reBpecrivelv. The epi6iorire3 are small inrruBiveB. Ir is more difficult
to sive an inrerpreration of the anipkiboiire- Other piaces in Norway these
rocks are interpreted as intrusions. The author is of the opinion that there is
little proof for such an interpretation on Karmøy. He rkin^B rkar rkev are
higher metamorphosed lava greenstones and the trondhjemite might be a
mobilisate in connection herewith.

aZe ok rke rocl(s i8Lower or6ovician.

I. Overblikk over Karmøy på grunnlag av tidligere publikasjoner

Karmøy i sin keiker er tidligere bare undersøkt en eneste gang. Det var av
Reusch, og han skriver om dette i sin bok "Bømmeløen og Karmøen med om
givelser". Reusch påviste denne gang ar bergartene på øya stryker i NV-ret
ning. Han inndelte bergartene i
a) en sone med forskjellige ZneisderZarrer i SV
b) i midten et belte med "dioritiske bergarter"
c) i nordøst på Karmøy og det tilstøtende fastland et område med "grønne,

krystallinske skifere" (på fastlandet igjen omgitt av gneis)
d) på nordspissen av Karmøy "BorraliriZ og grå lerZlimmerslciker"
e) i sør ligger et "polygent konglomerat" på gneisene-

Senere laget Goldschmidt (1922) følgende inndeling i Stavanger-området:
Sedimentbergarter (konglomerat) på Karmøy (muligens vovvnron)
Avdeling av de grønne skifere (Overordovicium til Silur)
Fylittavdeling (Kambrium og Underordovicium).

"Saussuritgabbroen" på Karmøy har etter hans oppfatning tydelig karakter
2v en 6xpberZ2rc.
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I konglomeratet som inneholder rullesten av de andre bergarter på Karmøy,
fant Isachsen 1939 noen fossiler (Broch, Isachsen, Isberg & Strand 1940). På
grunnlag av disse ble konglomeratets alder fastslått til overgrensen for Ordo
vicium.

Holtedahl (1953) innordner grønnstenene på Vestlandet lavere enn Gold
schmidt, nemlig Underordovicium.

Endelig foreligger det et upublisert kart av Stadheim fra NGU's bergarkiv.
Han utførte i 1940-arene geologisk kartlegging av ec mindre område vest for
Visnesvann i målestokk 1 : 5000.

Kolderup (1931) beretter ganske kort om noen observasjoner fra Karmøy,
deriblant nevner han en synklinal på østsiden av Karmøy-

11. Kartleggingen

De mest inngående undersøkelser ble av forfatteren utført i området omkring
Visnes og omkring den gamle Søfstokke-gruve S for Kopervik, hvor det ble
utført kartlegging på flyfoto i målestokk 1 : 5000-

(?ienBen mellom lava-gl^nnBten og amkibolitt ble kartlagt pa llvkoro over

keie Xarm^x, 6ec samme gjelder grensen mellom lava-grFnnsten og gr^nn-
Bkiler. I amtibolicr-omra^et ble 6et utlært noen ovelBiktBbelalinger og 6ens
Ugg-glenBe ble kartlagt i 1 : )0 000. Ln innleiring pa I.an6e ble kartlagt, en
annen i lorvasta6 (Lj^rgene) ikke. av gr^nnskikeren ble over
tatt etter keusck (1888).

Fig. 1. Geologisk kart over Nord-Karmøy samt tilstøtende fastland (foregående side).
(7ec»/c>F/cH/ map of wo^//be^n Karmøy and the «eH^i»)' mainland.

grønnskifer greenschist
lava-grønnsten lava greenstone
arnfibolitt ¦ amphibolite
gneis gneiss
Visnes skifer Visnes schist
grønnskifer mcd kvartsårer ' greenschist with quartz veins
mineraliserte soner mineralised zones

I Visnes malmsone Visnes ore zone
A. Gamlegruben Old mine
B. Rødklev grube Rødklev mine

II malmsone ore zone

Haugesundsynken — Patmos — Klevensynk
111 malmsone ore zoneore zone

Våge — Bukkøy
IV malmsone ore zone

Vikingstad — Storesund
V Dale malmsone DalDale ore zone

Dale synker Dale shafts
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Fig. 2. Frisk veiskjæring i grønnskifer. Riksvei 14 øst for Torvastad.
New road cut in greenschist. Highway 14 east of Torvastad.

Forfatteren vil ner takke Metallgesellschaft AG. ved Dipl.lng. Reddehase
samt A/S Vigsnes Kobberverk ved direktør Leiv Løvold for den velvilje de
viste under arbeidet og for tillatelsen til å publisere resultatene. Prof Chr-
Oftedahl og statsgeolog M. Gustavson takkes for kritisk gjennomsyn av teksten
og noen kommentarer.

111. Bergartsbeskrivelser
Den overveiende del av forfatterens undersøkelser ble utført innenfor de

bergartene som Reusch kalte for "dioritisk bergart" og bare i mindre utstrek
ning i de "grønne, krystallinske skiferes" område. På alle de andre bergartene
ble det kun utført oversiktsbefaringer. Den av Kolderup (1931) nevnte glim
merskifer i Torvastad ble således ikke skilt ut. Da undersøkelsene måtte utføres

meget nøyaktig i forbindelse med malmletingsoppgaver, var det av oppdrags
giveren på forhånd bestilt flyfotografier i målestokk 1 : 5000.

Det vesentligste resultat av undersøkelsene er ar det ble utført en todeling
av Reusch's "dioritiske bergarter", nemlig i

OrMnFten med lava-strukturer (Lava-grønnsten) og
Amfibolitt.

En bergart med liknende egenskaper som amfibolitten opptrer tydelig dis
kordant i lava-grønnstenen. Den ble kalt "epidioritt". Med hensyn til den areal
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Fig. 3. Horisont med konkordante kvartsårer i grønnskifer. Gloppe.
Layer with concordant quartz veins in greenschist. Gloppe.

mesBige fordeling av I)elgartBtvt)ene nenvises til liZ. 2 i <^e4B (196))

I det følgende skal det gis en beskrivelse av de forskjellige bergarter samt
deres innleiringer-

a) Grønnskifer (Reusch's "grønne, krystallinske skifere").
Dette er de yngste bergartene i vårt område. De ligger over lava-grønn

stenen, Grønnskiferen har en Zl^lnnZla farge og er rvni^lcitliZ og rvnnpiattiZ
(fig. 2). I motsetning til lava-grønnstenen lar den seg kløve og man får glatte
og jevne bruddflater. I uforvitrete blotninger er det lett å holde de to grønn
stenene fra hverandre. Men dette kan være meget vanskelig hvor bergartene
er forvitret eller polert av isen-

Grensen mellom dem er ikke alltid skarp. På Skeie f.e- har man inntrykket
av at de veksellagrer slik man venter det i grenseområdet mellom lava og
tuff. Grensen ble i dette tilfelle tegnet hvor vedkommende bergartstype
overveier.

Det finnes kvartsittiske innleirinZer av samme type som de som lenger nede
vil bli beskrevet fra lava-grønnstenen. Fra Skeisvoll over Våge til Gloppe går
en horisont med konkordante årer av kvarts (fig. 3). Den viser meget pent
lagenes ombøyning og den flatere aksestilling på østsiden av Karmøy. I dens
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99 epidotisert 16.0 < 1 5 —11,2 0,025x0,006 25
(An 10)lava-grønnsten

29 holokryst. 20,3 < 1 30 —18.4 1,5 x 0,5 60

forlengelse mot NV er kvartsen mer kompakt anriket og inneholder mm-tykke
pyrittbånd som tidligere ga anledning til en del skjerpevirksomhet-

Bortsett fra de nevnte innleiringer viser selve grønnskiferen nord for går
den Visnes visse variasjoner- Her opptrer tildels en sterk epidotisering som
delvis har ført til dannelsen av epidot-biotitt-gneis.

Tynnslipene av grønnskifer viser en fin parallelltekstur med vekslende
mengder kvarts og plagioklas (oligoklas 11 An). Bånd av kloritt og biotitt og
årer av Zranc»bi2BtiBlc kvarts og plaZic>lci2B gir det hele også en makroskopisk
parallellstruktur.

03 p ss!o .s i ni en si

Slip
nr. Bergart ZAc størrel"e

(mm)

Amfibol

zlip
X/V (010) størrelse

(mm)

Plagioklas

3iip
30
32

lava-grønnsten 17,0 0,04 x 0,5 35

17,7
21,0

0,125
0,5 x 0,125

90
25

— 9,4
(An 12)

42
60 — 14,7

(An 5)
— 13,8
(An 6)

6

172 3

91 lava-grønnsten
keratofyrisk

ingen — 14,4 1,5 x 0,5

lava-grønnsten
22 Viznesllcller — 17.7

(An 0)
0,5 x 0.025 80

48
112

17,5
20,2

0.025x0.125
0.007 x 0,1

15
25 — 18,6

(An 0)
50

83 kvartskerato-
fyr i lava-
grønnsten

16.6 0,05 xZ — 22,6
(An 0)

'0

71 grønn-
skifer

ingen — 10.6
(^,n 11)

0.025 60

6 epidioritt 20.6 1,5 x 2,5 25 — 12,4
(An 8)

ikke mulig
å identifisere

50

36 ¦ 16,2 1.5 — 2.5 70

11 amfibolitt 12.6 5 x 10 50 — 11,0
(An 11)
— 15,3
(An 3)
— 17.0
(An 0)

20

14 17,8 5 x 10 60 za
34 19,8 2 — 2,5 50 40

95 trond-
hjemitt

10.2 1 x 0.25 5 — 24,9
(An 0)

85
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Fig. 4. Lava-grønnsten med putestrukturer. 200 m nord for Visnes havn.
Lava greenstone with pillow structures. 200 m N of the barbour of Visnes.

Epidot-biotitt-gneisen består makroskopisk av biotitrlag i en grunnmasse
med skitten-gul farge. Under mikroskopet ser man at grunnmassen består av
kvarts med fin granoblastisk tekstur, heri er anriket slirer av epidot og noe
fibrig aktinolitt.

Grønnskifer av en liknende type som på Karmøy har Strand (1958) be
skrevet fra Helgeland.

b) Lava-grunnsten.

Dette er den bergarten som ble studert mest inngående. Heri ligger Visnes
malmsonen med de mest betydningsfulle malmforekomster på Karmøy. Berg
arten dekker den nordøstlige del av Reusch's "dioritisk bergart". Den danner
et NV-SO-gående belte av 500-1000 m bredde over størsteparten av Karmøy
(se også avsnittet "Tektonikk og metamorfose"). Den nar en rettlinjet grense
mot grønnskiferen i hengen (NO) og en buktet og meget uklar begrensning
mot amfibolitten .

Bergarten er masseformet med ujevne brudd- og avsondringsflater. På for
vitret overflate er fargen grålig, på friskt brudd grønngrå. Bergarten er tett,
stedvis med anrikninger av små biotitt- eller klorittflak. Også kalkspatårer sees
leilighetsvis. Bergarten forvitrer slik at flytestrukturer som i flytende lava blir
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BvnliZ. Ks lor Vi3neB navn kan man i vei3kjXrinZen noen 3te6er 8e pureBtruk
mrer (kig. ?urene «c imi6lerri6 lanZstrakc eiter nove6lol6ninZ3ak3en oZ er
ikke 52 Karakteri3ti3k 80M ke- i I.akn.vill-omra6e,r i I^vBklan6.

Ve6kjelp av paralleliBtruktulen Bom Bamri6iZ er skikriZneten er 6ec mulig
a oppdage kol6eBtrukturel.

Under mikroskopet ser man i det vesentlige en parallelltekster av plagio
klaslister (albitt-oligoklas 5-1 1 An) og av fibrig aktinolitt. Det hele er strødd
over av epidotkrystaller. Aksessorisk finnes: kvarts, kloritt, biotitt, kalsitt, erts.
Årer av kalsitt eller epidot og kvarts trekker seg gjennom det hele. Såvel bio
titt som kloritt er helt frisk og ofte intenst sammenvokset med aktinolitt.

Bergartens sammensetning og utseende varierer innenfor temmelig vide
grenser. Dette gjelder spesielt for gehalten av aktinolitt. Den kan utgjøre ho
vedmengden, men den kan også forsvinne nesten fullstendig, slik at det opp
står en skifer med keratofyrisk til kvarts-keratofyrisk karakter slik den finnes
et stykke vest for Rødklevgruven-

Den normale lava-grønnsten kan vise et mikroskopisk bilde forskjellig fra
det ovenfor beskrevne. En slik variant ble spesielt funnet nord for veien fra
Visnesvann til Visnes havn. Det eneste makroskopisk påfallende er små epidot
flekker av noen mm diameter. Under mikroskopet viste det seg at bergarten
overveiende består av meget finkornet plagioklas (albitt 10 An) og mindre
kvarts med granoblastisk texstur. Det hele er gjennomsatt av en masse små
epidotkorn. Kloritt og biotitt som tildels er intenst sammenivokset, danner
slirer og flekker. Mellom alt skyver seg bittesmå aktinolittfibrer. Disse danner
delvis også større slirer. Aksessorisk opptrer: større aktinolittkrystaller, leukok
sen, erts, allanitt (etter bestemmelse av Dr. Stam)- Plagioklas- og kvartskornene
inneholder vanligvis jevnt fordelt bittesmå inneslutninger som ikke har latt
BeZ bestemme. Om aktinolitt og plagioklas se også tabelL

Den bergarten N for gamle Visnes gruve, som av Reusch (1888) ble be
tegnet som "konglomerat" hører også til denne type. Den særpreges av store
klumper og slirer av epidot med kvarts. Disse står frem når bergarten for
vitrer og gir den et visst konglomeratliknende utseende (fig. 5). Ved en sam
menlikning med de ekte konglomeratene på Sør-Karmøy og pa Bømlo oppdager
man snart at det her må dreie seg om noe annet, nemlig en spesiell type

epidotisering. Dessuten er også den muligheten tilstede at det dreier seg om
et agglomerat.

I en annen varietet er nesten hele bergarten erstattet med kvarts i granoblas
tisk tekstur- Innimellom sitter det små mengder med stråleformet plagioklas.

Magnetittkrystalier er strødd over det hele. Forøvrig er både det opprinnelige
makro- og mikrobilde bevart. Mandelsten-hulrom er fylt igjen med litt grovere
granoblastisk kvarts.
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Fig. 5. Utvitrete epidotrike partier i lava-grønnsten. 400 m NO for Visnes havn.
Epidote concentrations in lava greenstone which are more resistant to weathering.

400 m NE of the harbour of Visnes.

Videre finnes det slireaktig og gangaktig bolokrystallinske partier som
under mikroskopet består av plagioklas (albitt 0 An) og alcrinoiirc i interzerrai
tekstur- Det finnes alle overganger fra en fibrig aktinolitt-kloritt- substans —
hvor konturene av en porfyroblast såvidt kan skimtes — til tydelig intersertal
tekstur. Plagioklaskrystallene er som oftest fylt med små epidotkorn. Det er på
fallende at plagioklasene i tydelig holokrystallin-intersertale partier inneholder
mindre epidot, og her er også ilmenitt anriket. Delvis er denne omvandler til
leukoksen. Leukoksenen opptrer også uten synlig sammenheng med ilmenitt.
Aksessorisk finnes: kloritt, kalsitt, kvarts.

Det finnes også en rekke konkordante innleiringer- Først og fremst må
nevnes tynnskifrige grønne bergarter (Visnesskifer). I disse ligger gamle Vis
nes- og Rødklev-gruvens malmleier. Under mikroskopet viser disse bergarter
plagioklas (albitt 0 An) og kloritt med parallell til granoblastisk tekstur. Jevnt
fordelt over det hele> opptrer epidot, mens aktinolitt bare foreligger i meget
små mengder- Aksessorisk finner man dessuten Icalsitt, kvarts, leukoksen. Om
kring de ro gruvene er innenfor den samme sone også andre bergarter repre
sentert som bare ble observert på liggsiden av malmen. Det er hovedsakelig
hvite til lysegrå skifere som består av meget finkornet kvarts samt kloritt i
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parallell anordning, dette er gjennomsatt av noen årer med grovere kvaitskorn
(aksessorisk pyritt, leukoksen, epidot). Innleiringer som likner på lapillkuff
ble iakttatt. Under mikroskop viste de lapilli-liknende stedene seg å bestå av
plagioklas-aggregater som tildels er sterkt kalsittisert og epidotisert.

En annen gruppe av innleiringer er meget kvartsrike og disse må vel tydes
som sedimentære dannelser, muligens delvis kjemiske utfellinger på havbun
nen. Det kan ikke sies noe om utgangsproduktene er tilført hydrotermalt eller
om de ble anriket i sjøvannet på annen måte- Bergarten kalles vanligvis for
"blåkvarts", mens Reusch (1888) kalte den for "kvartsit". Den har blågrå
farge og finnes hovedsakelig langs med kysten omkring Visnes; mot SO er
den sjeldnere. Da det opptrer en del slike linser omkring malmforekomstene
ble de tidligere brukt som "ledehorisonter" under malmletingen. Som tynn
slipene viser, er blåkvartsen omkring malmleiene faktisk rene kvartsbergarter,
mens en stor del av de utenforliggende er av kvartskeratofyrisk sammensetning.
Under mikroskop kan man se jevne overganger fra den ene til den andre
variant- Det er mulig a stille opp en rekke som begynner med en bergart som
bare består av granoblastisk kvarts med antydet paralleltekstur, overstrødd
med noen bittesmå magnetittkrystaller; aksessorisk sees epidot. Rekken fører
videre over bergarter som består av finkornet granoblastisk kvarts og plagioklas
(Albitt 0 An) med vekslende kloritt- og epidotgehak og med noen årer av
grovere kvarts. Rekken slutter med en bergart av fint sammenfiltret kvarts
plagioklas-grunnmasse med isprengt aktinolitt, epidot, biotitt og erts (mag
netitt og pyritt). Aksessorisk ligger heri titanitt og rutil. Den siste type viser
en viss likhet med kvartskeratofyriske ganger sør for Visnes. Disse er imid
lertid makroskopisk tette og av hvit farge med noen klorittiske slirer-

I lavagrønnstenens område opptrer grønnsten også gangaktig. Både makro
og mikroskopisk er det en stor likhet med de før nevnte grønnstensvarianter.
£n unntakelse er en lagergang N for Visnes som det var mulig å følge over
600 m lengde. Grunnmassen i denne er fullstendig erstattet med meget fin
kornet granoblastisk kvarts samt licc epidot og aktinolitt. Som innsprengninger
opptrer feltspatkrystaller som er delvis fortrengt av epidot og granoblastisk
kvarts- Konturene av disse er både makro- og mikroskopisk godt synlige.

c) Epidioritt.
Noen steder ble det observert holokrystallinske bergarter som støter dis

kordant mot de omgivende bergarter, man må altså anta at de er av intrusiv
opprinnelse. Bergartene ble funnet på følgende steder: V for gamle Visnes
gruve, NV for Rødklev-gruive, 700 m NV for gamle Visnes-gruve og 300 m S
for Rødklev-gruve. Sørgrensen av epidioritten NV for Rødklev-gruven ble på
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Fig. 6. Slirig-lagig amfibolitt. Kvalavåg.
Amphibolite, consisting of coarse grained and fine grained layers. Kvalavåg.

truffet på 40 m- og 150 m-etasjene i gruvens Vestkis-parti. Den samme bergart
finnes også på etasje 150 og 210 i gruvens jZzrlcig parti-

Jevn granktisk tekstur, skarpe grenser mot de omgivende bergarter og
massiv avsondring er karakteristisk for epidioritten. Dette utgjør også dens
forskjell fra amfibolitten (som skal omtales i neste avsnitt). I randsonene
foreligger ofte sterk forskifring.

Under mikroskop viser det seg at bergarten har en intersertaltektstur av
frisk aktinolitt og fullstendig gjenfylte plagioklaskrystaller (albitt 8 An).
Fyllmassen er en uklar blanding av titanitt, epi6ot, kvarts, Icalsitt, aktinolitt
trevler, kioritt, apatitt. Større aktinolittaggregater består i sitt indre delvis
av Gloritt.

De forskifrete partiene ser under mikroskop prinsipielt like ut. Men det
hele er her gjennomsatt av fintrevlet aktinolittsubstans og aktinolittkrystallene
er mer trevlete.

d) Amfibolitt.

Lava-grønnstenens ligg-grense er ikke skarp, men mot liggen opptrer det
flere og flere grovkrystallinske partier i linse- og slireform. I dem ser man
med det blotte øye uregelmessige aktinolitt-individer i en hvit, uklar feltspat
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Fig. 7. Breksjert lava-grønnsten med trondhjemittisk kittsubstans. 2 km vest for Kopervik
Brecciated lava greenstone, cemented by trondhjemite. 2 km W of Kopervik.

mellommasse- Aktinolittkrystallenes størrelse varierer mellom noen mm og
3 cm. I hele amfibolitt-området forekommer partier av lava-grønnsten-type i
like stor mengde som grovkrystallinske partier. Større arealer med bare grov
krystallinsk amfibolitt finnes ikke. Grensen ble på kartet trukket hvor det ikke
bare opptrer enkelte, men mange grovkrystallinske partier. De grovkrystallin
ske og de tecre partier danner for det meste tydelig avgrensete lag som alter
nerer med hverandre (fig. 6). Men det er heller ikke sjeldent at grovkrystallin
ske partier Zjennamvever de tette i form av slirer og uregelmessige klamper
som ser ut som lateralsekresjoner. Enkeltkrystallenes størrelse er over hele
området meget variabelt, d.v.s. teksturen kan på hver plass variere mellom
meget tett og sterkt grovkrystallinsk uten noen generell økning av kornstør
relßen mot Uggen-

Det er denne bergart Bvm av (-ol6Bcnmi6t (1922) ble kalt "BauBBuritZabbro".

Liknende bergarter opptrer ogBa andre Bte6er i Xaleclonidene og omtaleB under
Bamme navn. ?a X^arm^v BvnteB jeg imidlertid ikke der var riktig a bruke derre

navner da man med gabbro mener en bazizk dvpbergarr. KlineralBammenBer

ningen viBer ac der er en intermediZer bergart, og jeg tolker den neller ikke
Bom en dvpbergarr. Det nenvizeB i denne lorbinde^e ril der Bom er ank^rt
nedenkor savner "amkibolirr" paBBer etter min mening bedre, iallkall er det
n^vcralr med nenBvn cil bergartens darineiBe.
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Fig. 8. Amfibolaggregater som svever i trondhjemitt-substans, har omriss av drevje
bruddstykker. 2 km vest for Kopervik.

Aggregatet of amphibole — with contours similar to the brecciated lava greenstone —
cemented by trondhjemite. 2 km W of Kopervik.

Den grovkrystallinske amfibolitt i egentlig forstand har en temmelig grov
subofittisk tekstur (Tyrrell 1926) i hvilken plagioklas (albitt-oligoklas 0-11 An)
og aktinolitt er nesten grafisk sammenvokset. Begge to er tydelig vokset gjen
nom hverandre og det er ikke mulig å avgjøre aldersforholdet. Aktinolitten
viser pleolcroizme og er ofte vokset sammen med og fylt med kloritt og kalsitt
slik at den ved studium med en nikol ser ut som et enhetlig individ. I akrino
littsubstansen sitter små epidotkorn i mindre antall. Også rester av ilmenitt,
som er omgitt av leukoksen, sitter ofte i hornblenden- Feltspatene er vanligvis
friske med tydelig tvillinglamellering, men en stor del er også fylt med små
mineralkorn. Disse består overveiende av epidot, dernest aktinolitt, fine aktino
litt-trevler, apatitt og rutil. Epidotinneslutningene synes selv å ha inneslut
ninger som imidlertid ikke kunne bestemmes.

Meget interessante er noen iakttakelser fra grenseområdet mellom amfibolitt
og lava-grønnsten. For det første finnes her trondhjemittene som skal omtales
i nesre kapittel- For det andre ble det noen plasser i lava-grønnstenen iakttatt
feltspatporfyroblaster i grønngrå grunnmasse. Endelig er — spesielt V for
Kopervik — lava-grønnstenen i grenseområdet breksjert (fig. 7) og binde-
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Fig. 9. Trondhjemittganger. 350 m sør for Visnes havn.
Trondbjemite veins. 350 m S of the harbour of Visnes.

midler består av rrondnjemirrBubBtanB. Litt lenger borre kinner man en bergart
med anrilcninger av grovlilxstallinBl< amkibol i trondkjemicc-grunnmane. DiBBe
anrilcninger kar karmen av Blilce brelcsie-bruddsr^lilcer (kig. 8).

Mikroskopisk består grunnmassen i lava-grønnstenen med feltspatpor
fyroblaster av aktinolitt og feltspatkrystaller som nesten fullstendig er fyk igjen
med epidot og aktinolitt-trevler i intersertal- eller parallell anordning. Dertil
kommer større mengder leukoksen og litt fri epidot. Som innsprengninger sitter
heri feltspatporfyroblastene som imidlertid er nesten fullstendig fylt med
er>i6c>t.

Den breksjerte lava-grunnsten består av granoblastisk aktinolitt og plagio
klas, overstrødd med leukoksen, litt epidot og spor av Prutil. Bindemiddel er
finlamellert, frisk plagioklas med grov granoblastisk tekstur samt noe epidot
og litt aktinolitt, ilmenitt og leukoksen-

Til slutt skal det nevnes ac grønnsten av lavatypen tydelig gjennomsetter
amfibolitten gangaktig, særlig godt sees dette pa nesset V for Visnes. Et slip
fra en slik gang viser plagioklas med grove tvillinglameller i intersertal an
ordning, med trevlete aktinolittbiter av blågrønn farge imellom. Det hele er
strødd over med epidotkorn og -aggregater. Aksessorisk kommer leukoksen til.

e) Trondhjemitt-

Som allerede nevnt i det foranstående kapittel, opptrer det i grenseområdet
mellom amfibolitt og lava-grønnsten en nesten hvit, sur bergart. Den danner
uregelmessige ganger, slirer og klumper fra noen m til 100 m lengde med
diskordante grenser og hvis strøkretning er subparallell med de øvrige berg
arter (fig. 9). Fargen skyldes forvitringen, på friskt brudd er bergarten av
middelsgrå farge.
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Allerede med det blotte øye er det mulig å skjelne mellom to typer: en
kvartsrik type og en i hvilken man ikke kan se kvarts. Undersøker man berg
arten i tynnslip så iakttar man i der vesentlige et intersertalt flettverk av
plagioklas (albitt 0 An) i hvilket der sitter kvarts-granoblaster- Ofte har man
inntrykk av at de har fortrengt plagioklasen, men på en hel rekke steder
foreligger der kvarts og plagioklas med grafisk implikasjonstekstur Bom altså
tyder på samtidig utkrystallisering. Hvor man med det blotte øye ikke kan 3e
kvarts, finner man under mikroskop også vesentlig mindre mengder av dette
mineral.

Plagioklasene er alle av lik sammensetning. De ser friske ut, er ofte lamel
lert og inneholder vekslende mengder med innesiutninger- Disse består hoved
sakelig av epidot, dessuten aktinolittnåler og noe kloritt. Også kvartsen er
ofte uklar p.g.a. innesluttede epidotkorn. Aksessorisk opptrer følgende mine
raler i trondhjemitten: epidot, aktinolitt, kloritt, ilmenitt med leukoksen,
pyritt med limonitt, biotitt-

/)
Hovedformålet med forfatterens arbeide var en undersøkelse av malmfore

komstene. Det skal her gis et kort overblikk (sml. også Geis 1961 og 1965).
Hovedforekomstene er, resp- var, gamle Visnes-gruve og Rødklev-gruve.

Begge ligger i den ovenfor nevnte Visnesskifer-horisonten. Gamle Visnes
gruve like ved Visnes navn var i drift fra 1866—1894 og produserte i dette
tidsrom ca. 1.364.500 t- råmalm med i gjennomsnitt 1,66 % Cu (Foslie nevner
i "Norges svovelkisforekomsetr" et lavere tall som antakelig er en addisjon
av tallene i Norges Bergverksdrift; der er imidlertid for tiden 1866—1883
den produserte mengde salgsprodukt oppgitt). Gruven ble drevet på seks
steiltstående malmstokker og nådde et dyp på 732 m. All drivverdig malm
er utdrevet. Ved undersøkelser i de senere ar ble det heller ikke funnet nv
malm. Beskrivelser foreligger fra Reusch (1884, 1888), Dittmarsch-Flocon
(1875), Helland (1871), Knudsen (1885), Vogt (1894, 1910), Foslie (1926).

li.^dlclev Aluven 3om liZZer ca- )()() m 30 kor den Zamle Zruven, nar vsert
i drikt Biden 1904 med noen avbr^tel3er i arene 1929—1924. Iter opptrer det
malm pa to sider av Vi3neBvann-lollcaBrninZen, "VeBtlciBen" oZ "j3Btlcisen".
Vestl(iBen Ican lialleB kor en linjal med en reldce folt/lcliel3er oZ lorZreninZer.
j)srliiBenB opprivZninZ er mer liompliBerr. Ln relclce korl(aBrninZel nar 3lc)^vet
den Bammen ne3ten 3om er trelclc3pill. ?rodu!cB)onen i 1959 var 49979 c ra
malm med 23,48 A 3 oZ 9,45 s^> du. (Gruven nar nådd et dyp pa, 375 m.
Ve3tlcisen er rieBlclevec av ?o3lie (1926).

mineraliBerinZer opptrer pa Visnessliikel-Bonen j^3r oZ veBt kor Zruven.
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Grover den nevnte noriBonren opptrer krigende mineraliserte Boner 3om er

uten betvdning:
I>inderotBvnlcel - slopliinB gruve - I^uelva II - slutte gruve - Kolst^l (svovel-

Icis og magnetlcis),
Itaugesund^nlcen - parmos grrive - Kleven svnlc (svovellcis og magner!ciB),

I>andaneB - 3lceiBvoll - Vage - Z^rveide - (sloppe - LulclcOv (BvovellciB, mag
nerlcis, magnetitt),

Vikingstad - Hauge (magnetitt, svovelkis),
Dale (magnetkis),
Klostein gruve (svovelkis, kobberkis),
Sørstokke gruve (svovelkis, kobberkis, har produsert tilsammen 7300 t rå

malm med 0,5 % du),
Gåsvannet - Vttraianci (svovelkis, Icor>I)elIci8) -
?orelcom3tene anta3 a vXle ciannet Bui)M2linr-eli3lial2tivt.

IV. Kvartæravsetninger

Sen paleosoiske, mesosoiske og tertiære bergarter mangler i arbeidsområdet-
Av yngre avsetninger opptrer bare istids- og muligens alluviale dannelser.
Istidsavleiringene består av sand med rullesten av forskjellige størrelser, noen
steder også leire som danner råmaterialet til et teglverk på Avaldsnes. Rulle
stenene er overveiende fremmede bergarter. Det dreier seg vel overveiende om
bunnmorene. Dens mektighet øker fra vest til øst på Karmøy. Landskapet
gjenspeiler dette: vestkysten er bergfull og meget tynt befolket, østkysten
derimot flat, med godt jordsmonn og av den grunn tett befolket. Istiden har
også gitt fjellknausene og forhøyningene sin nåværende form, det er runde
og ovale koller.

6annelBer er vel Btenurene ved noen bratte Icanter, 0A corvrnvrene
30M man Kjerne iinner i mangelfullt drenerte omrader.

V. lektoiukk og metamorfose
a) Storstilet foldning-

?a lcarter (lig. 1) er der inntegnet en relclce innleiringer i lava-Zr^nnBtenen
og i gljsnnBlcikelen, som g^enBpeiler Btr^lc og iall av lagdelingen. Denne vi3e3
meger godt av den allerede av V.eu3cn (1888) IconBtarelte grense mellom lava
grunnsten og gr^nnBlciker ("dioritiBic bergart" og "granne !crvBtallinBlce s^lcilere")-

?a styredelen av Xarm^ er 3tl^lclerningen SIV-3O med steilt kall (ca.
60° og en steil stupning av foidning3aliBene i nordlig retning,

Icvsren blir koldningsalcsenes stupning BulcseBBivt mye ilatere. 3amcidig b^^er
r>erg2lcBgrensene seg lra I^V-3O over 0-V i 3V-IVO-retning, viser altBa der
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typiske bilde av en synklinal. Synikiinalstrukturen blir allerede nevnt av kvide
rup (1931). Ombøyningen ble ved hjelp av tektoniske spesialundersøkelser
funnet så langt sør som ved Sørstokke-gruve, hvorfra den forløper i NNV
retning mot nordspissen av Karmøy.

Bergartene, spesielt grønnskifrene, er ved østkysten stuet sammen til nesten
isoklinale folder. Av den grunn får man her strøkretning ca- N-S. Svakere
lokalfoldning forekommer også andre steder- Den er bl. a. antydet i Visnes
skiferens forløp, dessuten i mineraliseringssonen Hopkins- - Patmos-gruve -
Haugesundsynken og endelig i kvartsittenes forløp vest for den sistnevnte sone.

Den tektoniske oppbygning på fastlandet er likedan som på Øst-Karmøy,
d.v.s. strøkretning N-S med en meget svak stupning av foldningsaksene mot N.
Liknende strukturforhold som på Vest-Karmøy finnes på Feøy-

b) Småfoldning ("makroskopiscbes Gefuge")
Foruten foldene med km- og 100 m-utstrekning finnes også folder av

mindre dimensjoner. Det ble iakttatt både Breilt3raen<le og kla«liZZen6e folder.
Særlig lett er dette a se i grønnskiferen like NO for grensen til lava-grønn
grenen, men også i V.^6^lev-Zluven. Her er både kontakten mellom malmen
og sidebergarten, malmens bånding, innleiringer i malmen og i tynne malm
bånd småfoldet. Lengdeaksene av tynne aktinolittnåler i malmen og dens om
givelser forløper parallelt med de lokalt fremtrende hovedfoldningsaksene.

Allerede Reusch (1888) skriver at malmlinjalenes lengdeutstrekning (i gam
le Visnes-gruve) faller sammen med bergartenes strekningsretning. Den øster
rikske geolog Dr. F. Karl viste i en spesialundersøkelse (Karl, 1956) at linea
gjonene (fine striper) på planstrrckrurene (lagdeling og BlciiriKner) i og omkring
Rødklev-gruve går parallelt med hovedfoldningsaksene og at det utover dette
består visse relasjoner mellom foldningsaksene og malmlinjalenes lengdeakser.

Dr. Karl viste at de nevnte småstrukturene omkring Visnes til ca. 1 km
SO for Rødklev-gruve stuper steilt mot NO. Ved Jordan-gruve allerede blir deres
stupning flatere og går i retning N til NNV. Disse målingene ble av forfat
teren siden ført videre over neie det her omtalte område på Karmøy- Resul
tatene stemmer godt overens med de under "Storstilet foldning" nevnte
observasjoner.

Omkring den gamle Sørstokke-gruve var der overhodet ikke mulig å se lag
delingen eller noe tilsvarende. Av den grunn ble det her utført en liknende
undersøkelse som av Dr. Karl på Visnes. Diagrammene av planstrukturene
tyder her på en liknende synklinalstruktur som på Nord-Karmøy. Anordningen
av mer eller mindre lagergangaktige innleiringer av amfibolitt tyder på det
Bamme. I.ineaB)onene Btuper overveiende i nordliZ retning.
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Målingene av lineasjonene i amfibolitt-området viser en ganske stor likhec
i deres forløp 82mr en likhet med lineasjonenes forløp omkring Visnes. I en
rekke tilfelle ble det også iakttatt at de makroskopiske lengdeakser av horn
blendekrystaller forløper parallelt med den lokalt herskende lineasjon. Av dette
kan man slutte at lineasjonene i og utenfor amfibolitten ble preget samtidig.
Paralleliteten av hornblendenes lengdeakser med lineasjonen tyder også på at
dannelsen av lineasjonen og omkrystallisasjonen skjedde — iallfall delvis
samtidig-

Men det finnes ikke bare de typiske B-akse-lineasjoner parallelt med fold
ningsaksenes stupning, men også en BMineasjon*) som i alminnelighet står
loddrett på den første, bare sjeldent står de skjevt til hverandre. BMineasjonen
er vanligvis uten større betydning, bare i Rødklev-gruven synes den å gjøre
forholdene enda litt mer komplisert, ac-sprekker står vanligvis ikke helt lodd
rett på B-lineasjonen resp. foldningsaksene.

Mange steder opptrer det små kvartsganger av noen cm tykkelse og noen dm
lengde langs etter hovedstrøkretningen, som selv er foldet. Jeg antar at det
er sprekker som er oppstått i de tidligste faser av foldningen og som i det
videre forløp av foldningen selv ble foldet-

c) Bruddtektonikk.

De første antydninger til bruddtektonikk ble allerede nevnt i forbindelse

med de foldete små kvartsganger. Den neste fase representeres vel av dm-tykke
kvartsganger som imidlertid er svært sjeldne.

N-S-gående bruddsoner oppfattes som de yngste dannelser som — etter
kartet 2 dømme — er av en viss betydning også utenfor Karmøy. Her skal
bare nevnes: Karmsund, Grindefjord, Ålfjord- I arbeidsområdet er de repre
sentert ved den med sikkerhet påviste Visnesvann-forkastning, Karmsund-for
kastningen og den antatte Fiskåvann-forkastning. Det er meget vanskelig å
bestemme størrelsen av forskyvningene. For Visnesvann-forkastningens ved
kommende var det mulig. Her er østpartiet skjøvet 75-100 m nordover.

Visnesvann-forkastningen er morfologisk meget utpreget. Det er en på
fallende forsenkningssone med bratte fjellvegger på begge sider- Heri ligger
Visnesvannet og 750 m lenger S enda et vann.

Ved Fiskåvannet begynner også en forsenkningssone med noen vann, som
fortsetter 4 km i sørlig retning. Av likheten med Visnesvann-sonen kan det

*) Ifølge Sander (1948) opptrer det utenom den vanlige B-akse-lineasjon som går
parallell med foldningsaksene, på de samme flatene ofte også en lineasjon mer eller
mindre loddrett på B. Denne lineasjon kaller han B'.
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ant2B 2c der der dreier Bcg om en liknende lork2BtningBBone. ?.g 2. overdekning
med morene, vann og m^r er det imidlertid ikke mulig a påvise derre med
Bikkerner.

Sikkert påvist er Karmsund-forkastningen ved Bukkøy fyr. Her ser man en
Bprekk i 1 m bredde som er fylt igjen med limonittiserte bruddstykker av
grønnskifer som er kittet sammen av en kaolinliknende substans. Den forløper
170°/70° V.

Mindre N-S-gående forskyvninger ble observert mellom Rødklev-gruve og
gamle Visnes-gruve-

Bortsett fra disse N-S-gående forkastninger kunne det p.g.a. lederhorisontenes
og de geologiske grensenes forløp sluttes på OV-forkastninger- Det ser ut til
at deres N-partier er sunket ned. De har dessuten bevirket horisontale for
skyvninger på 50-200 m. Mer kan det ikke sies om dem. Det dreier seg anta
keligvis ikke om tverrsprekker ril de flate foldningsaksene ved vestkysten, da
de også opptrer i områder med steile akser.

Til slutt skal jeg komme inn på forkastninger langs etter strøket. En rekke
av dem ble observert i Rødklev-gruvens Østkis-parti. De faller vanligvis noe
slakere (55°) enn lagdelingen (65 °)- Etter observasjonene å dømme er de
eldre enn Visnesvann-forkastningen. I ethvert tilfelle er hengpartiet forskjøvet
nedover i forhold til liggpartiet. Hvilken utbredelse disse forkastningene har i
terrenget er det vanskelig å avgjøre. Spesielt på vestkysten finnes der et stort
antall små daler og forsenkninger i terrenget som går parallelt med bergartenes
strøkretning, men ingen steder finner man entydige beviser (f-e. glidespeil,
breksje) for at det er forkastninger. Alderen av disse forkastninger er vanskelig
a avgjøre. På den ene siden er der mulig at de er paradeformative (i forhold
til foldningen) da de følger bergartenes strøkretning. På den andre siden er
der like så godt tenkelig ar de er av postdeformativ alder og delvis har benyttet
seg av planstrukturene som dannet svakhetssoner.

Ln pekepinn pa der innbyrdes alderskornold mellom de tre iorkasrnings-
BVstemer kar vi av iakttakelser i kOdklevgruven. 3ma sprekker viste ner denne
aldersi^lge:

I) NV-50 2) 0-V Z.) N-5.

d) Metamorfose.
3om allerede anrvder s^nes der a vlere sammenneng mellom rektoriikk og

met2Molkose. omnandles av den grunn sammen med tekronikken-

Lergarrene i der område som ble karrlagt rilnjsrer grMnzkikerkasies og kvarts
albicc-epidor-biocitt.subfasies som deiinert av surner sc Vernoogen (1960).
3elv om 82mtlige bergarter tilnz^rer den Bamme met2Molie lasies kan man dog
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merke en økning av den metamorfe påvirkning fra NO til SV. Av de tidligere
beskrivelser fremgår det at de følgende lokalfasies følger hverandre i den
nevnte retning:

1.) liloriti-bioritt-epidor.
2.) . kinlcrvBt2llinBlc.

5 ) Bamme miner2lBammen3erning 3om 2., men grovkrvnallinzli.
som en variant av 1.) opptrer

1 2.)

Ifølge Barth (1952) opptrer liknende bergarter i Sulitjelma-området, og der
oppfattes disse mineral-kombinasjoner å tilhøre samme metamorfosegrad, med
intrusivbergarter som utgangsmateriale for 1.) og sedimentbergarter for 1 a.).

Det skal også bemerkes at grensene mellom metamorfosegradene av Vogt
(1927) i Sulitjelma ble trukket litt annerledes. Etter ham hører våre lokal
fasies 2.) og 3-) til

"epi^ot-amkioolitt-kazies")
hvilken av Turner & Verhoogen er opptatt i grønnskifer-fasies.

VI. Tydning ay de petro3rHtiBk-3eol«3»Bke observasjoner

Vi kan anta at grønnskiferen er en metamorf tuff, muligens med noen
mindre mellomliggende strømmer av tynnflytende lava, men dette kan vanske
lig avgjøres i dag-

Vi har sett at lava-grønnstenen inneholder delvis ganske gode reliktstruk
turer som tyder på en effusiv dannelse. Innenfor lava-grønnstenen iakttok vi
små stokkformete partier av en jevn krystallinsk bergart som ble kalt for
"epidioritt" og som har skarpe begrensningslinjer. Ved disse to egenskaper —
jevnheten i krystalliniteten og skarpe grenser — skiller den seg tydelig ut fra
amfibolitten. Amfibolittens karakteristika er som tidligere beskrevet den
vanligvis uskarpe grense mot lava-grønnsten og den slireaktige blanding av
tette og forskjellige mer grovkrystallinske partier.

I avBnirrer "^leramorloze" 82 vi ar metamorko3eZla6en Olcer Zr^jnn3i(iker

over lava-Zr^nnBcen ril amlil)olitc, Bvm 6anner tre rrinn i arr>ei6BoMla6erB
metamorioBe. (ineiBomra6er pa 3V-I^2lm^v banner et l)er6e trinn.

Amfibolitten og gneisene pa SV-Karmøy støter — som Reusch's kartlegging
og egne resultater viser — med en rett grense mot hverandre. Denne grense
forløper samtidig subparallell med bergartenes alminnelige strøkretning slik
den kommer til uttrykk f. eks. i grensen mellom lava-grønnsten og grønn
skifer. Vest for Buasdalsvann (V Sørstokke) ble det foretatt noen målinger
som viser at gneisen faller under amfibolitten- Lineasjonsmålingene viste meget
god overenstemmelse med målingene ved Sørstokke gruve. Det ser altså ut til
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at oelg2ltBglenBene el primZere og at det dreier 3eg om en i det veBentlige
konkordant i2gk^lge nvi3 alder og meramorkoBegl2d avtar ila 3V til

Bortsett fra amfibolitten er det ikke vanskelig a gi en tydning av berg
artene. Dette er i en viss utstrekning allerede skjedd i kapitlet "Bergarts
beskrivelse". Amfibolitten kan imidlertid være oppBt2tr på 2 forskjellige må
ter. For det første kan det opprinnelig ha vært en basisk intrusivstokk. For det
andre kan det være en omkrystallisert effusivbergart. Av Goldschmidt's be
nevnelse "Saussurit-gabbro" synes det a fremgå at han oppfattet den som en
intrusivbergart. Tilsvarende bergarter på Stord ble av Kvale (1937) kalt for
"gabbro"- Oftedahl (1961) påpeker at man i de fleste kaledonske gabbro
massiver i Norge finner liknende forhold som de som her ble beskrevet fra
Nord-Karmøy. Han antar at det ble ekstrudert store lavamasser hvis dypeste
partier hadde lengre tid å krystallisere og ble grovkrystallinske-

Etter min mening finnes det en hel rekke argumenter som taler imot en
intrusiv opprinnelse og imot Oftedahls forklaring. Vi så for det første for
skjellen mellom de små epidioritt-stokkene og amfibolitten. Man savner den
skarpe grense og en jevn krystallinitet som man ellers er vant til i det indre
av et slikt kompleks. At ligg-grensen går parallelt med bergartenes lagdeling
er for en intrusivbergart også høyst ualminnelig. I de sentrale deler finner man
dessuten bånding og sliring som har en viss liknet med granittiseringen, spe
sielt slik den opptrer øst kor Haugesund, bare med den forskjell at årene og
båndene i arbeidsområdet ikke er så skarpt avgrenset fra resten av bergarten.
Men det kan ha sin grunn i at granitt-migmatittene tidligere har vært
sedimentbergarter med godt utpreget lagdeling, noe som ikke er tilfelle med
pillow-lava. Ofte er man fristet til å snakke om en slags injeksjonsmetamorfose.
Under mikroskop ser man heller ikke leliktBtrukturer etter basiske dypberg
arter, men helt overveiende kriBke, fylte og jevnt oppbyggete plagioklas- og
aktinolittkrystaller som er vokset sammen på en slik mate at man må anta
en samtidig dannelse. Eskola (1939) nevner som de viktigste kjennetegn på
den metamorf-krystalloblastiske tekstur bl- a.:

Bamtlige mineraler er dannet omtrent xamtidig,
utvikling av klV3tallklater er zjelden.

palallellrekBtul ved ar komponentene korrrinnsvis volder i en retning,
Bonarbvgning av komponentene mangler,

innezlutningene kviger vanligviB ikke 80nalbvgningen,
berg2ltene er kompakte, ikke amvgdaloicle el.

Nettopp diB3e kjennetegn kinner vi igjen i amkibolitten. antar av den
grunn at amkibolittene er Bterkr metamorkoBerre lavabergarter 2v 52mme eller
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liknende type som utgangsproduktet for lava-grønnstenen. En støtte for denne
oppfatning finner man hos Harker (1950), Bom skriver om metamorfose av
basiske lava-bergarter: "In most of the exampleB which have keen cited, even
in the lowest grades of metamorphism, the original fabric of the igneous rock
(gabbro, dolerite or basalt) had been completely broken down".

Hvordan skal vi nå forestille oss gangen i denne metamorfosering-om
krystallisasjon? En pekepinn gir observasjonene som før er meddelt fra
Kopervik: Her fantes innenfor lava-grønnsten-området en breksje av lava
grønnsten med trondhjemitt som kittsubstans. I grenseområdet mot amfibolit
ten finner man på samme sted liknende bilder, bare med den forskjellen at
"bruddstykkene" her består av aktinolitt og plagioklas i grov subofittisk anord
ning. I andre prøver fra samme sted ser man at disse strukturene er mer ut
visket og etter hvert går over i rent granittiske teksturer.

Det ser ut ar vi her har nøkkelen til forklaringen på de trondhjemittiske
gangene ved amfibolittens henggrense: jeg tyder dem som en slags "mig
matitt-front". Ifølge Harker blir det frigjort kvarts ved omvandlingen av
augitt til hornblende, og Eskola viser at det blir frigjort SiO og A12O3 ved
omvandling av anortitt til epidot. Forklaringen på opprinnelsen til den høye
Na-gehalten i de na foreliggende plagioklaser byr på visse vanskeligheter- Men
dette gjelder i like stor utstrekning for de andre bergarter i arbeidsområdet.
Man står overfor de samme problemer nar man skal forklare diabasenes spilit
tisering- Også i dette tilfelle ma man anta Na-tilførsel på en eller annen måte
(Lzlcola 1939, jfr. også Geis 1962 a og b).

av de grove amkiboiittparriene Blcjedde Bilclcerr ilclce ur
av en Bmelce, men vi Ican med Lgicola anta en mer eller mindre meta3omaciBlc,

intergranular Btoiivandring. ven okre ialcrracre anordning av diBBe partiene

langB planBtrulctulene rvder pa ac oppladningene eventuelt kar drulcc veier Bom
de celcconiBlce nendeiBer nar korrieledt kor dem.

'lil Blutt kan vi na Bammenkatte re3ulratene og kor^lce a tegne cc bilde uv

dendeiseBkorl^per.

I begynnelsen ble det avsatt mer eller mindre klastiske avleiringer. Derpå
begynte temmelig abrupt den basiske initial-vulkanisme. Den begynte med
og besto i sin første fase av submarine effusjoner med etter hver effusjon
følgende tuffavleiring. I sin annen fase besto den vel nesten utelukkende av
tufferupsjoner — grønnskiferens plattig-lagige karakter tyder iallfall pa dette-
I forbindelse med denne vulkanisme ble det også sedimentert annet materiale,
f. eks- blåkvarts som muligens kan tydes som ekshalasjoner av kiselsyre. Like
dan rvdeB forekomstene av svovelkis, magnetkis og magnetitt. Tydningen av
de keratofyriske "ganger" er ikke så lette P.ga. de metamorfe forandringer.
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Der kan f. eks. være episodiske sure effusjoner eller — hvis man tyder blå
kvartsen som et sediment — metamorfe sedimentbergarter, muligens også
"welded tuffs"- Endelig er det ikke umulig at det er metamorfe mobilisasjons
produkter.

Som det tredje ledd opptrer igjen sedimentbergarter, denne gang rene leir
sedimenter som man finner på nordspissen av Karmøy.

Lagfølgen viser en viss likhet med den i Trondheimsfeltet omkring Berkåk.
Her ble denne hglølge observert:

fyllitter
tynnplattig-skifrig grønnsten

lava-grønnsten

En stund etter at de nevnte bergartene på Karmøy var kommet på plass
fulgte vel først metamorfosen; det ble konstatert at metamorfoseringen i det
store og hele opptrer etasjeformet, det vil 8i at metamorfosegraden avtar paral
lelt med bergartenes alder. Grensen mellom amfibolitt og lava-grønnsten viser
dette ganske godt. Men i amfibolitten er hornblende-krystallene lokalt orien
tert parallelt med hovedfoldningsretningen. Dette tyder på en samtidig meta
morf og tektonisk virksomhet. Antakelig begynte den tektoniske deformasjon
i en senere fase av metamorfoseringen.

Vi forsøker så å ordne vårt område inn i det geologiske helhetsbilde: Vi må
anta ar det fantes en del-geosynklinal i hvilken de grønne bergartene og fyllit
ten ble avsatt. Del-geosynklinalen ser ut til a strekke seg fra området nord
for Stavanger over Karmøy - Bømlo - Stord - Tysnes - Ølve - VaraldsØy inn i
Hardangerfjorden. Mot dypet er bergartene sterkere metamorfosert og danner
således en naturlig overgang til de enda sterkere metamorfosene partiene Øst
og vest for del-geosynkli nålen- Ifølge Sørbye (1946, 1954) er også dette kale
donske bergarter. Dette bilde virker for meg mer naturlig enn a anta en
tynn, plateformet intrusjon av "saussurittgabbro" som strekker seg fra Karmøy
og helt ril Hardangerfjorden.
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On kink-xone development and
metamorphic differentiation in the low-grade schists

of Norwegian Sulitjelma
by

Robin /Vl'c^<?/^<??^)

Abstract

The common minor scale kink-zones of upper levelB of rke Furulund BckiBts
of ea3rern Norwegian Sulitjelma generally do not occur in conjugate pailB;
usually only the member with northwest dipping axial plane is 6evelope6
alckouZn at lower levels rarely bork conjugate pairs and single members occur.
The kink -onez fit the simple shear mechanism of development proposed by
Dewey and Roberts. The upper kink-zones are characterised by a well-devel
oped metamorphic differentiation structure resulting from the juxtaposition
of zones alternately rich in mica and quartz. In many ok the kink-zones the
mica-rich zones are bent by smaller scale folds unknown elsewhere in the
region bur which are geometrically conjugate ro the minor-scale structure in
which they lie. Although they clearly are later than the kink-zones ir is judged
that they are directly related to them.

Introduction

The BrrucruleB with which rniB accounr is concerned are cleveloped in the
structurally higher levels of the low-grade quartz-mica schists of the eastern
edge of the central metamorphic core of the Scandinavian Caledonides ar Nor
wegian Sulitjelma. The rocks of the area of kink-zone and metamorphic diffe
rentiation development (generally east of Lomivann, Fig. 1) are of nvo rnain
lithologies, black quartz-muscovite pkvllireB (Bome KornoBeneouB and Bvnie wirk
well-developed tkin semi-pelitic layers) and volcanic-chloritic rocks with rnuck
marble (Vogt, 1927; Nicholson, 1966). Differentiation i8 most marked in tolds
of distinct kink-zone style, the differentiation layering alonZ the Icinlc-^one
sometimes being so well-developed that ar first 3iZkc ir leBernble3 bedding.

Development of kiiill-xone» and MttelentiHtiol» F^rnoture

1. ok rke Kinlc-20lie8 deBcribed kere kave norrkwe3r dippinZ axial

planeB (liZ. ?) and axeB plunZinZ ea3t ok norrk (regional dipB ok beddinZ and

!) Department of Geology, University of Manchester, England.
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Fig. 1. Outline map of the Sulitjelma region; inset rectangle east of Lomivann limits
area in which observations were made. Scale in kms.

schistosity are northerly). At other levels than that at the east end ok Lomivann
the orker rnember of the con)uZare set sometimes is developed on its own
and occasionally both members are present- Here we are concerned with a level
just below the amphibolites of Sulitjelma (Vogt, 1927, Kautsky, 1953) some
10 km long in which only the northwest dipping minor scale member is pre
sent. From west ro east at this level there is a gradual decrease in metamorphic
gråde (Vogt, 1927); the most angular iiinlc-^oneB are 6evelope6 in the lo^v
grade rocks to the east while to the west end of Lomivann the apparent
equivalents are of somewhat different style but basically the same geometry
our wirnour anZuiar ninZeB. 3uck k0163 are associated with one another in what
in the field were described a8 stacked folds in which half a dozen or so folds

of the same size and sense of overturn occur together. No conjugate arrange
ments at all are known in the west.

The sharply angular style ok the eastern kink-zones developed in the finely
schistose rocks of the east Lomivann area is replaced by a rounder style where
more thickly constructed layers are reached and a kink-zone may die out against
a thick sequence of such rocks while being able to grow through a bed a few
centrimetres thick.

i5cornrnon Icink-2oneB (?arerBon anci 1966, 352) me margin
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x

Fig. 2. Sketch of thin section of east Lomivann black phyllite marked metamorphic
differentiation; later folding of suitably oriented micaceous laminae. A part of the

area of tkiz sketch is shown in fig. 1. Scale mark 1.0 mm.
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Fig. 3. Black phyllite of fig. 2 showing detail of differentiation structure and its
folding. Scale mark 0.5 mm.

about bisects the angle between bedding and schistosity inside and outside the
kink-zone (bedding and schistosity are about parallel in this region and equi
valent to the primary composite banding of Roberts, 1966, 833). The kink
zones often lie at about 30° to 40° to this primary banding and generally are
no more than 10 cm. thick. On favourable outcrops the kink-zones can be seen
to be little more than 2 to 3 m square, throughout being characterised by
continuity of the inherited structure through the kink-zone.

2. As described below the kink-zones often have a finely layered appearance
rnar on clvße examinarion is Been to reßulr from the x,reßence of rnica-rick and

mica-poor layers developed across the primary banding and parallel to the
kink-zone margin. Figs. 2, 3, 4 and 5 show exampleß of the laveres structure
present in the kink-zones of Norwegian Sulitjelma. The sequence of repeating
elements of the structure, quartz-rich and mica-rich layers, may be 20-30 cm
ckiclc, the rkiclcneßß of the kinli>2one it3elt. The lavere6 Brrucnire is found only
in the finely foliated (or schistose) semi-pelitic rocks, stopping as massively
chloritic or psammitic and more broadly bent layers are reached; behaviour
vvkick is perkecriv un6eißran6adle wken it seen that the two elements ok the
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Fig. 4. Quartz-mica differentiation in east Lomivann black phyllite. Folding later than
«5 development; nere aklectinZ dotn anart^-rick as neil as mica-ricn lavers.

Scale mark 0.5 mm.

secondary structure are constructed krom different parts of the small folds
within the kink-zone- Clearly only material which can fold on ckis small Bcale
can give rise to it. As Figs. 2 to 6 show the Sulitjelma kink-zones are yet more
complex for the cktteremiation strucnire ingeit is k016e6.

Fig. 2 of a section normal to the kink-band axis (and to the axes of the
larger of the microscopic-scale folds seen in this figure and the photomicro
grarik of Fig. 3) shows the schistosity of the black phyllites passing through
the 6ikkerenciacion layelß. Where mica is prepon6eranc, sckißcoßicy ließ at an
acute angle to the layer while in quartz-rich zones schistosity lies more or less
normally across the band. This layered differentiation structure was described
first by Clough (1897) and its units were called strain bands by him. The short
limbs of the Sulitjelma kink-zones are composite therefore, being made of
several almost microscopic sets of folds or stram bands through which continu
icy of kabric is preserved as it is on the larger scale ok the kink-zone. Since
cke layered structure lies along a kink-zone it follow» that the limbs ok the
small folds making up the structure are strictly parallel to neither the long
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Fig. 5. Metamorphic differentiation structure in kink-band of black phyllite (trending
gently upwards from left to right) and folds of this structure (trending more steeply

upwards from right to leit).

limb of the kink-zone nor to the average attitude of the short limb, bork limbs
have been 6eiolme6. Also it is clear that the kink-zone margin is not the
bisector of the angle ber^veen primas banning acrim6eß inside and outzi^e
of the small folds (Fig. 2). In some xvavß rkeße small kc>l6B of abouc e<^ual limd
length are comparable in style with chevron folds, in this case kowever,
unequal thicknesses of the primary banding in different limbs allows the axial
plane to be nearer one set of liinbß rkan the orker.

3. Figs. 2, 3 and 4, 5 and 6 show not only the differentiation structure
typical of Sulitjelma kink-zones but also folds of this structure while Fig. 3
shows the pattern of Fig. 2 over a wider wne of the same rock. The folds ok

micaceous elements clearly are later than the differentiation structure. They
have the same sense of rotation over the whole of the kink-zone (being on
rkar 3cale of conjuZare motion with it), while on the small scale the relation

ship is of alternately conjugate and non-conjugate motion. The two fold systems
are not contemporary of course; all member of one set are earlier rkan all of

rke other. Functionally the second set are kink-zones also although they are
not tabular bur occur only within thin mica-rich zones. Examples of the geo
metric relations between rke two sets are given in Fig. 7 parts 2, 3 and 4.
The angle between the minor and microscopic scale developments varies



139

Fig. 6. Kink-type fold in Lomivann black phyllites with set ot crenulations whose axial
traces lie along the trace of the minor-scale fold (along direction of pen) and a sub
sidiary and crossing set (along 6irection of pencil), restricte^ to the axial zone of the fold.

considerably from one example to another although most commonly the angle
is about 50°, as in Fig. 7, parts 3 and 4, 80 that the two "kink-zones" are at
an acute angle to one another over the presumed maximum principal stress.

Fig. 2 provides an interesting example of the way in which differentiation
miZnc upser the ot6sllv development of Icinlc-kol6 sets for the new planar
structure is less easily kinked than the rock from which it formed- Secondly
it illustrates the way in which the quartz-poor regions even when scronZiv
folded cannot 6evelor, the type of modal variation r,oBsible in the initial
quartz-mica schist. The pseudo-conjugate structure is developed only in the
Icinlc-bancls tnemselves and on the scale 6eBclibe6 aoove råtner as if it could

form oniv on the transposed schistosity of the kink-bands. In spite of the
oovious age difference the writer regards the two fold sets as being almost as
closely related as truely conjugate structures.

Genesis of kink-zones and differentiation structure

1. Historically there have been two sources of interest in kink-like structures,
lilsriv the natural occurrences of zuck srrucrures in rock on a niinor fold scaie

and secon<llv the development of Zeometricailv simiiar arranZements in de
formed crystals; both enquiries date back into the last century. The most
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1 2

3 4
Fig. 7. 1. Poles to kink-zones, east Lomivann. 2, 3 and 4. Traces of crenulation planes
for three rock specimens from east Lomivann. 1, main member with circle showing
bedding (and schistosity) intersection with crenulation plane (and thus with kink-zone).

recent and most developed investigations of the second sort are those of a
group at the University of Calilfornia concerned in the first piace with caicite
(for example, Turner, Griggs and Heard, 1954); from ckig study have Zroxvn
analytic and experimental studies of geometrically similar rock Btlucmreß
(Patterson and Weiss 1962; Heard, Turner and Weiss 1965; Patterson and
Weiss 1966). Amongst the latest studies based on the field examination of
kink-zones and in both cases using analytical roaiß developed by Flinn (1962),

2, subsidiary member, developed only in kink-zones of type 1.
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are accounts by Dewey (1965) and Roberts (1966). As Roberts has very recently
poinred out ckere are Bud3canrial 6ikterenceß in tke conclußionß reached in these
two ways for botn Dewey and Roberts accept an important class of kink
Btrucrur« produced by simple shear while the Californian school propose that
tke same class of structures are the plcxluccß of den6-gli6ing.

The slirer finds the geometric arguments of Dewey and Roberts compelling
and rnuß accepts ckac B«nie Kink-Toneß are produced by simple shear and that
those produced by bend-glide (flexural slip is an alternative nåme for this
mechanism) should have dislocations on the margins; thus continuity of struc
ture through the kink-zone is one piece of evidence in favour of the simple
shear mechanism. Ik this mechanism is accepted then such kink-zones in rock
are more comparable to the slip domains of calcite described by Heard, Turner
and Weiss (1965), rather ckan the kink-zones of calcite. Basically the difference
of opinion concerns the character of the stram in the marginal planes of kink
zones; all recognise the need for stram there tkat is compatible with the stram
regimes on both sides. Dewey and Roberts point out, however, that it is not
cnough that such compatibility be present at the end of development of the
3rrucrule but that it must exist throughout so to preserve the continuity ok
the earlier 6evelope6 arrangement to typical of kinlcToneß. It is on this need
that they decide the inadequacy of bend-glide of flexural slip mechanism kor
structures like those described here from Sulitjelma- At Sulitjelma as kor the
Dalradian rocks described dv Roberts there is an absence of the structure
necessary to define the strain in detail. Again like the Dalradian rocks, how
ever, there is an absence also of the contemporary structures which might sug
gesttriaxial stram which therefore is accepted as substantially biaxial.

The simple shear mechanism of kink-zone development does not seem to
provide any sufficient reason why the kink Tone margin should commonly
bisect cke angle between primary banding inside and outside the kink-zone.
It this relationship is regarded as common and revealing cken ckiß is a defici
ency in cke theory. Dewey, however, has described folds (for instance 1965,
Fig. 17 B) in which the kink-zone margin is far from bisecting the banding
angle Thus it is not absolutely clear that near equality of angle is especially
Bignikicant altkougk it is reported dy Patterson and Weiss as rypical of
their experimental results (1966, Fig. 6) and certainly occurs in the Lomi
vann examples. Roberts (1966, 847) clearly supposes tkat the primary
danding of the Bkort limd nill not be rotated xvken it has reached a portion
normal to the maximum principal stress; on his simple model of kink-zone
folds this is achieved when the two angles from the kink-zone margin to the
banding on either side are equal. Such an end to rotation seems obvious in the
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komoZeneouB strain investigated by Flinn (1962) but not 80 obvious in zones

of Bimple Bkear in which the ban6inZ Buppo3edlv is meckanically passive.
As Roberts BuZZeBtB (1966, 851) rke appearance of only one member of the

porenrial conjuZare set mixkr reBulr from a stress field oblique to the composite
banding. Kehle (1964, p. 284) has proposed for fractures a slightly different
contexc in which there might be unequal development of rke members of a
conjugate set, viz. that the local stress field might be symmetric while the far

stress kiel6 in general miZnr not be 80 and thus that the work necessary to
cauBe viltual 6iBpl2cemenr on one member of a conjugate set would be less
tk2n rn2t neceB32ry on the orker. Lorn 2lZumentB miZnc 2PPI7 nere 28 the
kink BrrucrureB Been ro have korrne6 late in a thrusting episode and the far
field stress field then presumably was nor symmetrical

2. It has been suggested that the differentiation Btrucrule developed by the
6ikkuBion of quarr- from niZnly Btl2ine6 -oneB tollo^ed by precip^tion in
adjacent less strained oneB so rn2r modal variation was Pw6uce6 in a once
homogeneous rock (Nicholson, 1966, Roberts, 1966, p. 850). The structures
which define the quartz and mica-rich zones clearly are part of the minor-scale
kinks and coeval with them. The inner complexity of the kink-zones seems to
have been early in development for ik the kink-zone long limbs are undeformed
during much of kink development and a simple shear mechanism operative
(both suggested by Dewey (1965, p. 470-471) and Roberts (1966, p. 841)) rken
simple shear must be responsible for it roo and rkere is no re2Bon ro separate
its time of development from that of he kink-zone itself. Since quartz diffusion
preBum2blv is a rel2rivelv slow procen ir seems that the kink-zones themselves

6i6 nor 2ckieve rkeir kiniBke6 form 2bruprlv. In 266irion ir is easier to suppose
ck2r the lcinlc^one Bt2lte6 nirk itB present wi6rk l2rkel rk2n Zre^ wider 25
Paterson and Weiss (1966, p. 367) suggest; in this way all the component
zones have the same time for development (clearly they have the same struc
tural character).

There is no evidence at Lomivann for migration of quartz beyond the major
liinlc.2oneB; c^u2rrT veinB are not common and rkose rkar do occur show no
special distribution with respect to them. Since the differentiation structure
is always on the same scale and does not occur much magnified in bigger folds
ir is cle2l rk2t con6itionB for itB development are Buit2ble only in the small
folds, perhaps because bork the contrast and degree of stram necessary to
produce such quartz migration in schistose quartz - mica fabric only takes
place on this scale.

dlouZK (1897, 22) 6e3cribed rke development ok clikkerenri2rion 23 2N

ex2mple ok ". . . rke l2n rk2r in rke tkinned limbB czu2rt-oBe p2ltB ok rke b2nds
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diminish in quantity, while the micaceous remain the same or increase," and
Dewey (1956, 475) has already suggested quartz mobility in kink-zones
although he 6i6 not relare it closely to the development ok strain-bands. Al
though Clough (1897, 20) like Dewey (1965, 486) and Rast (1965, 89),
6oeB seem to suppose that some of rke mica of the Cowal kink-zones is new
(rkuB BuppoBinZ mobility of irz componentB) it is clear rkar the 2tciru6e of
80me of it fits the mica of the pre-strain-band schistosity as in the example of
Fig. 2 for Clough writes (1897, 20) that "mica in the slips [stram slips or
strain-bands] is not always quite parallel to the sides ok the slips, bur has a
small angle, approximately that at which the earlier banding {and usually
schistosity (Clough 1897, 9)] approaches the slips." This description fits the
common case 6eBcri!)e6 above where rnere is a conrinuouH mica kabric rnrouZn
moth the mica and quartz-rich zones. Later development as propoBe6 by N.or>ei-r8
(1966, 850) may include the growth of a mica-felt along the kink-zone margin
as Dewey (1965,486) and Rast (1965,90) have ealiier suZZeBre6. This stage
is not reached at Lomivann.

The usual starting poinc of 6iBcu3Bions of mecamorpnic 6ikkerenriarion is
Eskola (1932) and the development of strain-bands can be conducted in its
terms. The formation of alternating mica- and quartz-rich layers in the folded
fabric provides examples ok Eskola's 3econ6 and rkir6 principleB of 6ikkerenria
tion within a rock mass (1932, 70), namely the principles ok enricnmenr in
the most stable constituent and the solution principle. The "exogenous force"
(Eskola- 1932, 70) that drives the proceBB is 6ekorminZ stress. Thus the diffe
renriarion rikenornenon i3 a synkinematic one.

It K23 long been supposed that quartz re26ilv migrates and Eskola (1932, 77)
made special reference to such migration. Voll (1960, 556, 557) has described
itB importance both in general in metamorphic rocks and in p2rcicular in the
development of mica films on secondary schistosity planes in situations very
like rkar under 6iBcnBBion kere. Voll, ko^vever, attribureB the Zenerarion of the
fine plications of the schistosity directly to shear planes, the mica films
forming on Buck tilaneB by the Bolurion ok c^ualt? and relative enrichment in
micas. In the Sulitjelma rocks, however, no clear-cut shears are present for
3ckiBto3irv is continuous rkrouZK the lcinli-b2n6B and rkeir inrern2l k0165 al
though there is markedly varied strain from layer to layer of the structure.

Conclusions
It i 56ikkiculr ro kit eke I.oniiv2nn liinlcb2n6B inro De^vev'F ci2Bsikic2rion

ok Icinlc stlucrules alrkouZK rkose paltB ok liinlc-ban63 v/kick paBB rkrouZK leBB
cloBelv koliate6 roclc are cloBe in Zeometrv co rkiB kourck Zroup, ckar ok Bmoorkl/
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curving similar folds. However, most of rke kink-bands are present in black
pkvllice6 and are Bi2r>Bided with koli2tion concinuouH rkrouZK them; thus they
are superficially similar to Dewey's third group (1965, 485) 2lrkouZK lacking
rke felt ok mica 2lonZ the kink-boundaries that ke de3cril)ed as characteristic
of tniB Zroup. It is the writer's view that Dewey is wrong in putting Clough's
strain bands in this third group where indeed he måkes them the type examples.
Although their geometry is close to that of the fourth group of Dewey the
writer reZal6B diouAn's exam^leB as ok the same oriZin as those of Lomivann,
that is, essentially simple shear kink-folds.

Clough's structures perhaps have more similarity with ordinary crenulation
cleavage than with kink-bands and their presence neie widens the discussion
to include the development of differentiation in crenulation or strain-slip
cleavage, a matter given general consideration by Roberts (1966, 848). The
writer has airead^ suggested a close similarity (Nicholson, 1966) for as Turner
and Weiss (1964, 465 and 487) have said crenulation cleavage is characterised
by "periodically spaced thin domains of intense stram" while "the intervening
laminae (the microlithons of De Sitter) show evidence of pronounced internat
Btrain in the form of crenui2te6 relic S foliation". It seems that in general
tneBe crenui2rion kol6B are simple snear srrucruleB 28 Roberts has described
(1966, 848) sometimes inodikieci by SiO -diffusion and metamorphic diffe
renri2ti«n.

The metamorphic differentiation of the Sulitjelma rocks i8 2 synkinematic
phenomenon involving the solution of quartz in, and its diffusion from, zones
of high stram and itB precipitation in adjacent less strained zones, mica remai
ning passive, the folds controlling its regular development being crenulations
of an earlier schistosity. Such crenulations and the differentiation structure
may occur within clear kink-band structures or within minor scale folds of
orker Bt^le. In all c2BeB rnere is a clear relarionBniri between fold Bi?e and Bt^le
and rne narure of tne lirnoloZic2i zec^uence. When deveioped in biZZer koidg
the structure parallels the axial Burkace of tke larver fold.

3ince Icinic-!)andB are c>eBt deveioped in rkinl^ koli2red roclcB eke I)2ndB 2nd
eke reiared dikkerenri2tion Brrucrure are ck2lacreriBtic producrB ok i2re dekorm2

rion pk23eB in 3ckiBtose rocl(8. Lxcepr lor rnica and c^uarrx rke rnineraloZ^ ok
tke earlier roclc i8not relev2nr. kor ex2rnple 2t KstunZamo in DZanda (^ickol-

SQN, I96)) good dikkerentiarion occurB in Btaulolite BckiBt3 (kiZ. 1, I>sickoiBon,
1966) ar 3ulirielm2 2nd doxv2l ir occuls in lnuck loxver Al2de roclcB- Ic i8
cle2l rk2r rke development ok dikkerenti2tion xvill inkil?it «r BtronZlv modikv
lilnii-20ne evolution 30 ik2t ir M2V be onl/ in mic2-rick rocl(8 rkar rke clim2x
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of the conjugate relation, the development of folds affecting all the rock will
be reached (Paterson and Weiss, 1966, 367, Fig. 17, Roberts, 1966).

McNamara (1965), has proposed that the development of quartz segregations
(not all of kink-band type) in the lower-grade schists of Cowal has a broad
P-I' contlol as segregations do nor occur in the lowest gråde of the region.
He also proposes (1965, 374) that the marked differences in amount of quartz
zeZreZation between occu«ence3 in massive greywacke and mica scniBtB is
attributable "to the increased amount of solution ok quartz in the more sheared
rock, because abnormally high surface energies on portions of the detrital quartz
grains, due to stress, cause the silica to dissolve more readily, leading to super
saniracion of the pore fluid; on relaxation of tne stress, the czuaet? is redepo
sited". To fit the petrographic evidence of stram bands it is necessary to
modify McNamara's hypothesis to allow synkinematic precipitation in a less
strained zone.
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Note on a molybdenite-dolomite-bearing pegmatite
in Velfjord, Nordland, Norway

By
Christoffer Oftedahl

Geologisk Institutt, N.T.H., Trondheim.

Abstract
A small area of basic gabbro occurs within the granodiorite pluton north of Vel

fjord. In this gabbro was found a peculiar pegmatite dike, rich in molybdenite, and
composed of quartz, albite, and dolomite as major minerals.

Velfjord is situated in Søndre Helgeland, the southernmost part of Nord
land fylke. North of Velfjord the geologic map of Rekstad (1902, p. 8) shows
a large massif of intrusive granite. Not shown on the map is a gabbro massif
which lnax be zeveral kilometers in diameter, situated east of the little fjord
Andalsvågen. The massif contains a great variety of gabbroic rocks. Fine
grained to medium-grained gabbros predominate, but very coarse-grained
v^rieti« are mer with, and a number of peridotite aren are found. About

1.0 km northwest of the top of the mountain Andalshatten (900 m high)
a little peZniatite dike occurz in very coarse-grained peri6otice.

Petrographically the granitic rocks are for the most part medium to coarse
grained granodiorite, or close to quartz diorite, with around 10 % microline.
In places they are porphyritic, with plagioclase crystals ok size up co 4 cm.

Some results from a detailed study of the rather homogenous medium
grained gabbro around Andalsvågen may be mentioned. Bright green augite is
che most important mineral (25 - 50 A), followed by plagioclase (10-30 %),
olivine (10 - 20 H). orthorhombic pyroxene (5 - 15 %), light brownish horn
blende (5 - 15 %), and similarly light brownish biotite (5 - 15 A). Ore mine
rals make up less than one per cent. The geoiogic setting and mineral compo
sirion zuZZest a basic gabbro, crystallized or recrystallized under conditions ok
strang regional metamorphism.

The peKru2tite dike was koun6 by Mr. Olav J. Andal and was subsequently
mined for molybdenite in 1936. The outlines of the dike could not be seen

during my visit on Aug. 16, 1958, due to snow filling of the mined-out area,
but Mr. Andal tells that it was 35 cm wide and 8 m lonZ. The 6umps conr^in
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Fig. 1. 1. Sketch map of outer Velfjord with the gabbro area at Andalsvågen schema
ticaiiy zno^vn. Also sno^vn is the outcrop on the small island Esøya of an extraordinary
rock type (strålstein) . It is composed of fibrous actinolite aggregates of a very bright

and fresh green colour, set in a matrix of white calcite.

2. Key map showing the location of Velfjord on the Nordland coa§t, at 65°30' N.

big pieces of the pegmatite with the following minerals: molybdenite, quartz,
ankeritic dolomite, albite, biotite, muscovite, tale, tourmaline, and traces of
chlorite.

The molybdenite occurs in the dike as scattered platy crystals and blades
with a diameter up to 3 cm, with a reported maximum size of 8 cm. Most
of the molybdenite occurs as blades larger than 1 cm, accordingly much molyb
denite could simply be handpicked by blasting the pegmatite.

The main minerals of the pegmatite must have a zonal arrangement, because
all inspected fragments are rich in either quartz or in albite and dolomite. The
quartz-rich type carries muscovite, tourmaline, and molybdenite as accessory
mineral, and the albite plus dolomite type contains tale, biotite, a few clear
quartz grains, molybdenite, and a little chlorite. In the latter type the feldspar
and dolomite may have all proportions in the various pieces available for
inspection. Both quartz, dolomite, and albite may make up large continuous
mineral aggregates with single crystals of size up to 2 - 3 cm.
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The mica blades are less than 0.5 cm in diameter, and the tale occulB as
fine plates, 0.1 cm in size, growing on the dolomite. The tourmaline needles
are less than 0.1 cm in diameter and may have a length up to 1.0 cm.

The occurrence of this pegmatite dike rich in feldspar and dolomite is
reported here because Buck a type of peZmatite dike BeemB to be råtner rare
and is not reported earlier from the Caledonian Tone of Norway. Probably this
dike i8 the same as the one mentioned by A. Bugge (1963, P. 116) as molyb
denite-bearing tourmaline vein. If so, this characterization is erroneous due to
incomplete or wrong information given to Mr. Bugge. In the vicinity I found
2 few molyb6enite bearinZ c^u2lt2-toulM2iine veinB, also reporte6 by Bugge.
Grains of molybdenite occur also in hornblende veins cutting the peridotite
and in small granite veins. Quartz veins reported to carry gold are also found
within the gabbro massif.

mineraii^ation i8reporte6 in various placeB in VeiHorci in me
area arounci 'lniz minerallTation muBt be Been in rei2tion to tne

2cliacenc M2BBik ol granocliorite, v/nicn i 8clearlv an incruBive batkoiirnic bo6v
witk croBBcutting contactB againBt tne metamorpnoBe6 Be6imentB an 6xvitk a
Biignc contacr metamorpnizm.
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The geology of an area north of Gåsbakken,
Sør-Trøndelag

By
Paul Carter.

Abstract

IkiB paper constitutes a description of the geology of the Lower Ordo
vician strata outcropping in a 70 sq.km area, north of the viiiaZe (Fasbalclcen
in Sør-Trøndelag.

A revievv of the stt2tiZlapn^ is given. Inree phases of deformation are
described.

Introduction

The mapping of this area was undertaken in order to correlate the known
stratigrahical succession and structure of a6)'oininZ areaz, '«vkick have keen
mapped by Th. Vogt (1945),Carstens, C W. (1952) and Chadwick et. al (1964).

A general map and Becri«nB are presented showing the geology of the area.
Correlation with adjacent areas is demonstrated by a general geological map
of the area, and also a structural trend map.

Stratigraphical succession

The sedimentary, volcanic, and intrusive strata outcropping in the locality
have been subdivided by Vogt (1945) into the Støren Series (mainly volcanic)
of Arenigian age, and the Hovin Series (mainly sedimentary) of Llanvirnian
and Llandeilian ages.

'lable 1 Bko^vB tke local BuccesBion in 6erail.

Carstens, C. W. (1951) showed the Støren Series (which he called the
"Bymark Group") to be underlain by the Røros Group, which consists in the
main of metamorphosed argillaceous sedimentary rocks.

With reference to Table 1, Blake (1962), from the evidence of graptolites
koun6 in the Bogo Shales of the Fjeldheim Beds (of Lower Hovin Series), has
shown this horizon to be equivalent to the Phyllographtus Densus Zone (3b)
of Middle Arenigian age. This BugZeBt3 tkat the age boundaries suggested by
Vogt must be revised.



Table 1 (after Th. Vogt, 1945).
Break

Llandeilian ). Hølonda Andesite
Lower 4. Hølonda Limestone (fossiliferous)
Hovin 5. Hølonda Shale
3erieB 2. Gaustadbakk Breccia &

Almås MudstoneI^lllQvilluan

1. Verma Conglomerate

Break

Arenigian
(Skiddavian)

5. Upper Støren Greenstone &
Hove 81ateStøren

3erie3 2. Jaren Beds
1. Lower Støren Greenstone

I"ne succeB3ion ei

hose established b]
tablished by ti

VoZt (1945)
ie present author is given in Table 2, witl
and Chadwick et.al (1964).
Table 2

Present author Vogt (1945) Chadwick et.al (1964)

HOVIN BNKILB HOVIN SERIES HOVIN SERIES
Upper Arenaceous

Sequence
(sandstones and grits)

Nyplassen Beds
(shales and sandstone)

Porphyrites
(intrusive and/or Hølonda Andesites Intrusive Porphyrites
extrusive)

Shale and limestone Limestone
Sequence Bkale

Fjeldheim Beds
ShalesLower Arenaceous

Sequence
Gaustad Breccia Limestones

Sandstonesand Almås
Limestones and sand- Mudstone

stones grits

Conglomerates Verma llonZlo- Fjeldheim Conglomeratemerate

BREAK BREAK BREAK
TUFFS

STØREN SERIES
STØREN GROUP

STØREN SERIES
LAVAS (sedimentaries, vol-

canics, pyroclastics)(undifferentiated lavas)
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A 6eraile6 6eBcriprion of the 8uc«88ion rabuiare^ by the present auckor is

given below.

The Støren Series

In the area the Støren Series strata consist of basic lavas, overlain by
tuffaceous deposits.

Basic Lavas

The basic lavas include bork massive (flow) and pillow lavas, indicating

underwater deposition, at least in part. The characteristic sagging or "U"ing
of younger semi-molten pillows into those that have already been deposited
and solidified, gives good younging data. Secondary alteration of the lavas has
resulted in the widespread occurrences of epidote.

3rrucruleleBB quartz with ferrous impurities - locally known as jasper -
occurs in manv ot the interstices between the pillows. 'lkig in6icaceB a silica
rich sea, due to the underwater effusion of silica during the formation of
the lavas.

rukkB Bkow rwo main valieiie3. verv 6iBrincrive rukk be6imme6i2rely

overlies the basic lavas. Ir contains large idiomorphic crystals of feldspar and

quartz in a fine-grained matrix predominantly of white mica. The concentra
tion of idiomorphic crystals in the tuff varies from almost totally constituting
the deposit, to being sparsely scattered in the fine-grained matrix. The mica
matrix is probably the result of secondary alteration after fine-grained feld
spars. Secondary alteration has also produced chlorite around the edges of the
idiomorphic crystals, and in the fissures.

A very kine-Zl2ine6 tuff bed is occasionally found overlying the distinctive
tuff band, and below the Lower Hovin Conglomerate. Its original composition
and texture has been greatly changed by secondary alteration.

The Støren 3erieB i8 overgin by a conZlomer2re of I^ower Hovin age which
consists of fragments of Støren lavas and angular fragments of jasper at the
base. More roun6e6 cobbleB and pebbleB occnr as the perpen6icui2r 6iBt2nce
from the Støren 3erieB Brrat2 incre2Bes. The 6epoBirion of rke rkiclc conZiome
i2re layer indicates uplift of the Støren volcanic rocks 2ccomp2nie6 by l2pi6
elvsion, pro6ucinZ widespread pebbie be2ckeB. The Hovin 3eiieB Bcl2ra do not,
however, overlie the Støren Series with 2 very marked degree of angular un
comformity.
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Hovin Beries

The Hovin Series is represented in the area mapped by four rnain sequences
of Bcrat2 which for convenience 11127 be termed the Lower Arenaceous Sequ
ence, the Limestone and Shale Sequence, the Porphyrites, and the Upper
Arenaceous Sequence. These names are strictly for local UBe in the area under
consideration and are not being put forward as alternatives for the many
names that have allea6v been given for the rocks of Lo^el Hovin age, out
cropping in adjacent areas.

Lower Arenaceous Sequence
This sequence is made up of conglomerates, which occur mainly at the base,

ZlitB, 82n68tone8 and cukkaceouz material, 'witn very local 6evelorilnenrB of
limestone and shale. The sequence thins from circa 600 m by Langkjøsen to
circa 300 m in the Jårengrenda.

The conglomerates rarely have a framework of pebbles in contact with each
orker, More uBua!lv pebbleB are Bcairere6 in Zrearer or lesser ynanririe3 in an
unBorre6 marrix. Poor BorrinZ is general in rkiB lo^veBt Beouence and in anv
one outcrop grain size cancan vary from cobbles to grits or shales. Overall it can
be said that the beds become coarser downwards. The pebbles are usually of

jasper (in the local sense of the word - amorphus quartz, stained red), and
green probably volcanic rocks ascribed by Chadwick et.al. to the Støren
"Greenstone" lavaB.

Ike jaBper rangeB up ro b1ocl« alrnoBt a rnerre in diameter in rke conglo
rnerace expoBe6 in roa6currinM along rke norrk e6ge ok Zvorlcsj^en, an 6iq
okren lesB roun6e6 rkan rke roun<le6 roclc pebbleB.

The beds sometimes show good sedimentary structures. An outcrop on the
southern shore ok Morsjøen shows a sharply defined layer ok pebbles lying
on fine sandstones bur grasing upwards gradually through grits with scattered
pebbles into sandstones over a vertical distance of 2 m. What appear to be
turbidite units 30 cm thick with grit bases and shaly upper parts occur in the
valley north of Sjømoen and examples of load casting occur nearby. False
bedding is shown in an outcrop on the hill just west of Sundet. All these
structures provide good younging data for analvBing the Brrucrure of the area.

Limestones and Shale Sequence
Ir i3convenienr ro conBi6er rogerker rke liirieBtoneB an 6BkaleB lic

above rke I^o^ver Zec^uence, Bince rkeir ourcropB BuggeBr rkem ro

be local 6evelopmenrs xvirkin rke 3ame general kori^on. 'lke ze^uence varieB
in rkiclcness krom over 300 m. in rke jkrengren^a ro nil in rke kar xvesc
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Limestones develop locally at or near the rop and bottom of the sequence
and are fairly continuous alanZ the strike. They can be white, grey or black,
are always recrystallized, and are coarse- or fine-grained depending on the
amount of recrystallization that has tåken place. It is therefore usually difficult
to ascertain their original form of deposition, although recognisable reef
breccias sometimes occur, for instance in outcrops between Konstadløkken and
Blokkan. The limeBtones 2180 otren contain "ruclcle6 ban6B" of alenaceouB
material which are usually about 1-3 mm thick. The banck are Be6imentarv
ieacureB and the ruckling iUuBrrareB well the plaBtic 6ekormarion3 of the lime
stones during folding.

The shales are predominantly grey though sometimes green. Inclusions or
flecks ok an iron mineral, i6sntikie6 by Vogt (1945) as pyrrhotite, often occur.
Occasional sandy bands indicate the bedding, and the shales also sometimes
conrain lime nodules.

The Porphyrites

It is convenienr ro 6eal with the Porphyrites nere, as tkey occul Btruclurally
above the I.imeBtone and Bkale 3eyuence, and belaxv the Upper Arenaceous
Sequence. The Porphyrite sheet varies from a maximum of circa 300 m around
Konstadløkken to nil near Klefstad.

The two pioneer workers in rkiB area, Th. Vogt (1945 and Carstens C. W.
(1951), clearly disagreed 23 to the stratigraphical relationships of the por
pkyrireB. The latter reZ2r6e6 them 28 inrru3ive and prob2blx 6iBcor62nc in most
c2BeB, whilst tke former 2utkor reZ2l6e<l them as lavas normally interbedded
in the Hovin Group. Vogt even subdivided the porphyrites stratigraphically
into Almaas and Berg types, but he acknowledged a discordant intrusive reia
rionskip for a minority of the outcrops. Chadwick et.al. considered rkem co be
mainly concordant intrusions.

The present author noted that the Porphyrite sheets do not show any of the
rypic2l ke2Nireß nolM2lly associated wirk lava kloxvß suck as "blocky" or "ropy"
klaw Burkace tear^reß, or any evi6ence of separate klov^B. tiowevel, a prominent
Pyroclastic layer is frequently found directly underlying the Porphyrite. This
60e3 suggest a possible volcanic origin. Some fragments of the country rock
cou!6 kovvever, be excepre6 to be koun6 at the base of 2 concor62Nt incrußion

due to fracturing of rke country rock during intlußion. Lvi6ence of BtronZ
k«2tinZ ok the country rock in the imme6i2te vicinity of the Porphyrite is
given by metamorphosis ok the limestone adjacent to the Porphyrite into
marble. Porphyrite dykes were found in three outcrops, intruded into the
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Støren Series strata and the Lower Hovin conglomerates. These were presum
ably feeders for the overlying Porhyrite sheets. The author found the field
evidence for the precise origin of the Porphyrites to be inconclusive.

Upper Arenaceous Sequence
This sequence forms the youngest strata found in the area. It follows a

continuous outcrop from Restad extending south-west along the strike until



156
it is cut off by cne major fauk south of Morsjøen. The be6s are ec^uivalenr
to the "Restadgrøtås sandstones" of Vogts "Jaren Le6s". A Areen-^vnire weathe
ring surface is displayed by these beds which are tirrer sorted man the beds
of the Lower Arenaceous Sequence, rney consist ok fine-grained grits, sand
stones and some shaly bands The sequence is about 150 m thick with the rap
not seen.

Btruotnral geology

The structural outline plan (Fig. 1) in<licares the main 6ilecrionF of the
folding in the area. The structure has been determined by three phases of de
formation, which took place during the dale^onian orogeny. Chadwick et.al.
(1964) have called these the Fi, Fo and conjugate folding phases respectively.

The Fi phase has produceci most of the major tolking occurrinZ in Sør-
Trøndelag. The strike of the Fi folding follows a south-westerly direction from
the Trondheim area, swinging round more to the west in the area mapped by
the author. The F^. folding phase constituted a second major deformation pro
ducing minor conjugate folding. Some minor faulting has occurred. The overall
structure of the area conBtitureB a major F : Byncline upon which has super
imposed the effects of the F2F2 folding.

First or Ft Phase of Folding

The major Fx Byncline BtlilceB 50urn-^eBtelly parallei to the Jårengrenda in
the eastern part of the area, swinging round inro a westerly strike to the north
of Svorksjøen. Hovin Series sediments, with a core of porphyrites and Upper
Arenaceous Sequence rocks, have been downfolded by the syncline inro Støren
Series volcanic rocks, which form the synclinal limbs (Fig. 2). Thus the southern
limb of the syncline brings Støren Series rocks to the surface south of Svork
sjøen, and south-east of the Jårengrenda. The strata outcropping on the south
ern limb are overturned between 0° and 20° from the vertical. Evidence for

the overturning is given by sedimentary structures in the Hovin Series strata
and "Ving ok the pillows in the Støren volcanics. On the northern limb of
the syncline, Støren Series volcanics outcrop near Snoton Lake in the extreme
north-west of the area, and at Konstad Sæter in the extreme north-east.

The major Ft folding was accompanie6 by minor kol6inZ, ro66inZ Brrucrures
parallel to the minor fold axes, shear planes and tension cracks. These srruccu
res are best 6evelope6 in the Hovin 3erieB 3trara to the north and west ok
3voll«jßen. The 6irecrion of minor fold axeB and rcxl6inZ is east to west,
following the strike of the major folding. The majority plunge towards the
east, at angles of between 5° and 35° from the horizontal. The tension cracks,
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Zenerallv yualr- kille6, occupv planeB pelpen6icular ro eke kol6axes. poleB
w eke renBion craclcB tkerekore plunZe parallel w eke rninor kol6axeB. Bnear

planeB are koun6, parallel to rke rninor kol6axial planez.

Second or Ft Phase of Folding

The major F2F2 folding has been shown by Chadwick et.al. (1964) to be
superimposed on the Fx folding, from the evidence of minor fold interference
patterns. A north-westerly striking syncline has been produced with its axis
running through the village of Gåsbakken. The core of the syncline is occupied
by the Porphyrites, and the limbs by the Lower Arenaceous Sequence strata of
Hovin age, and by rocks of the Støren Series. This fold phase appears to be
responsible for the arcuate strike ok the Fi syncline and could be responsible
for the Zenerally encerly plunZe of the Fx minor fold features in the west of
the area. Minor folding and associated structures along F2F 2 axes confirm the
general cklecrion of rniB pnase of kolcknZ as Bno^vn by the bedding plane strike.
The folding due to superimposition of F2F2 folding on Fx structure is complex,
but difficult to interpret in detail, due to the poor rock exposure.

Third or Conjugate Phase

The third phase of deformation did not affect the major scructures ot the
area. Compressive stresses in the rock produced conjugate folding on a minor
scale. This has refolded the minor structures produced by previous fold phases.

Faults

kaulrinZ K2B occurre6 in ckiB area only on a minol Bcale. Bince eke kaultB

tlanBBecc ki BtlucculeB, but kave noe been akkecce6 by eke 6ekolmacion,
tkev are coucempolaneouB wick, or vounZer ckan eke larrel.

Two parallel faults striking north-west occur immediately south of Morsjøen
in cke east-central part ok cke area. A fauk block ok (probably) Lower Hovin
conZlomelace has been uplikce6 inro the porpnvlice and Upper Arenaceous
Sequence core ok the syncline. Due to the differential erosion, fault scarps
occur leaving the conglomerate block upstanding.

On the Ramsberget Peninsula which juts out into Svorksjøen, a fault striking
nearly east-west, has brought the porphyrites down against Lower Hovin
conglomerates. A prominent fault scarp has resulted from differential erosion,
with the porphyrites forming the scarp-face.
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Local correlation

The stratigraphy and Btrucnire of rne area correlates weil with those establi
shed for adjacent areas by Th. Vogt (1945), Carstens C W. (1951 and 1952)
and Chadwick et.al. (1964). The probable correlation of the strata in the area
mapper by the present author, with the strata outcropping in the adjacent
areas, is shown in table 2. The geological sketch-map (Fig. 3) indicates the
continuity of the strata along the strike into the surrounding areas. The struc
tural trend map (Fig. 1) shows the continuity of the structures. Points of dis
aZreeinent xvirn previouB 2urnorB are as tollova:

Vogt (1945) believed the Hovin Series strata, downfolded by the F2F 2 syncline
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in the Jårengrenda, to be a sedimentary series of Støren age. He gave the nåme
"Jaren Beds" to this series, and named the Støren volcanic rocks brought to the
surface on the north-western and south-eastern limbs of the syncline, the "Lower
Greenstones" and "Upper Greenstones" respectively. Carstens (1951) opposed
ckiß inrelprecmion ciaiminZ the "Jaren Le6B" to be of Hovin age. This sedi
menrary Berieß has in kacr keen shown by the present author to comprise syn
clinally folded strata of Lower Hovin age. A section acroßß the Byncline is
given in Fig. 4.

Carstens C. W. (1952) believe<l Støren BerieB and Røros Group scram to
outcrop ra the north of Bøverdalshaugen in the extreme west of the area. The
strata at this point however belong co the Lower Hovin Series. The outcrop
niappe6 by <larBrenB as Støren "Greenstone" is in fact porphyrite ok Lower
Hovin age.
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Geophysical measurements in Jeløya

Summary

As a part of geological/geophysical student field courses a series of mag
netic and gravimetric observations has been carried out at Jeløya. Geological
samples have been collected and the physical properties of the samples have
been determined in the laboratory.

The results of the surveys and the laboratory investigations are presented
in form of figures.

Introduction

Geological Institute, Aarhus University, arrange every summer a compulsory
kiel6 coulBe in ZeoloZical/geopkvBical mapping. The com-8e is attended by
students of geology and geography by preference in the summer following their
Becon6 year of study. After consultation with Professor, Dr. St. Skjeseth, Geo
iogical Institute, NLH, Vollebekk, tkiB course takes piace in Østfold fylke,
Norway. The courses commence6 in 1965 ac the road-cuttings in the Moss area
along the new highway from Svinesund to Oslo. Reports on the geological
results will be published on a later occaBion. (^eopk^ical meaBulernentB, i.a.
gravimetric and magnetic observations, were undertaken in the same area in
1965 and extended in 1966 to include Jeløya. I'kiB report, which is considered
preiiminarv, i8 concerne6 xvitk the Jeløya Burvey. It is incen6e6 to make a66i
tional geophysical measurements later on and alBo to inveBtigace the ZeoloZical
conditions in detail.

Geology

Jeløya belongs geologically to the Oslo field with young rocks, paleozoic
and permian, downfaulted in the precambrian. The geological setting is shown
on fig. 1, which i8 adopted from Brøgger and Shetelig (1926). The oldest

i) Institute of Applied Geophysics, Department of Geology, Aarhus University,
Aarhus C, Denmark

By
B.L. Ramachandra1 ) G. Lind1) S. Saxov1 )
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Fig 1 Geological map of Jeløya according to Brøgger and Shetelig (1926)
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rocks on Jeløya are downtonian sandstone and conglomerate which occupies
rke western part of the island, and håving a gentle dip towards the east. On
top of these lies permian basalt (Bi), which covers the main part of the island.
The youngest rocks are the permian rhomb-porphyries (Rpi) with outcrops in
the southern part of the island. The above mentioned faultline runs east of the
island in a north-south direction. Where no outcrops are shown on the map,
the rocks are covered with quaternary clay, sand, and moraine.

Table 1 shows the rocksamples which were tåken and analysed for their
physical properties. The localities are shown on both fig. 2 and fig. 3 together
with density values on the gravimetric map and susceptibility on the magnetic
map. It 5n0u16 be nocice6 rkat the Bamr)le3 with numberB deZinninZ with NA
are tåken for paleomagnetic measurements and that is why many samples are
tåken at the same locality. Samples GL 6 and 11, which both are basalts,
seem to differ a little from the rest in that group. Sample GL 6 is a porous

type and strongly zeolitised, sample II is a basalt with phenocrysts of plagio
claBe and it BeemB to 6ikker from the rest oniy by håving a more reddish

groundmass. A more detailed study of the petrographic properties of the rocks
compare6 to rkeir pkyBical propertie3 wili be made in the near future.

Gravity

The gravimetric readings have been carried out by means of Worden gravi
meters 142 and M 779. The observations are referred to Oslo Fundamental

Gravity Stations with G — 981.92815 gals. A density value of 2.67 gr/cm3
has been employed. The coordinates are tåken from the topographical maps in
the scale of 1 : 5 000, the reference point being Jeløya radio cp — 59°26'00"
and I — 10°35'42"EGrw.The elevation values are tåken partly from polygon

points, the heights being known in millimetres or centimetres, and partly from
dot-points in the topographical maps, the heights being in metres or half
metres. Topographic correction i8 not applied.

Two stations determined by the Geographical Survey of Norway, station
G 36 wp 3 Jeløya radio cp = 59°26'00", I - 10°3)'70" L<3r^v, k = 0.1 m,
G = 981.90938 gals, and Bouguer anomaly + 30.15 mgals, and G 36 top 4
Nestangen cp = 59°28'93", I = 10°38'57"EGrw, h = 0.3 m,G = 981.90820
gals, and Bouguer anomaly + 25.14 mgals are included in the map. We have
measurements very close to these Brarions, No. 173 with an anomaly of +
30.03 mgals, and No. 4 with an anomaly of + 26.07 mgals. The agreement
between the two sets of observations must be considered satisfactory.

In fig. 2 the Bouguer anomalies are plotted and isogal contours are drawn,
the equidistance being 1 mgal. The general trend i8 decreasing anomalies from
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le 1

Sample
No.

Rock-Type Locality Density
g/cm8

Remanent
Magnetiz.

cgs

Suscepti-
bility

cgs
Q

VII Rhomb-Porphyry Vardeveg 2.56
NA 1035 — Reierbukta 2.56
NA 1068 — Værlebukta 2.61

0.00016
0.00006
0.00156

0.00016
0.00012
0.00052

1.95
1.00
964

NA 1069 — Reierbukta 2.56
NA 1037 — — 2.56
NA 1038 — — 2.56
NA 1040 — — 2.56
NA 1042 — — 2.56
VIII — Vannbasseng 2.60
IX — Værlebukta 2.60
GL 5 — Vardeveg 2,61
NA 1027 — Værlebukta 2.61

0.00012
0.00129

0.00084

0.00004
0.00006

0.00054

5.07
59.92

5.10
NA 1028 — Værlebukta 2.61 0.00056 0.00007 10.08
NA 1030 — — 2.61
NA 1031 — — 2.61
IX a — 200 mNW 2.64

0.00115
0.00082
0.00114

0.00010
0.00016
0.00179

22.87
10.08

1.27
of Værlebukta

GL 6 Basalt Orkerød 2.62
GL 1 — Rambergbukta 2.73
NA 1043 — Singelbukta 2.74
NA 1045 — — 2.74

0.00089
0.00047

0.00256
0.00255

0.76
0.41

NA 1048 — — 2.74
NA 1049 — — 2.74

0.00040
0.00056

0.00299
0.00278

0.27
0.27

NA 1051 — — 2.74
NA 1054 — — 2.74
NA 1055 — — 2.74
NA 1070 — — 2.74
IV — 300mNNE 2.76

0.00078
0.00041
0.00062
0.00052
0.00255

0.00140
0.00541
0.00550
0.00419
0.00565

1.11
0.24
0.58
0.16
0.85

of Singelbukta
V — — 2.77
IV a — — 2.78
I — Nesvegen 2.79
II — Kjellandsvik 2.87
VI Sandstone Nesbukta 2.65
111 — Kuskjærbukta 2.64
111 a — Nesbukta 2.65
VI b — Kuskjær 2.67

0.00202
0.01484
0.00117
0.00209

000655
0.00505
0.00008
0.00459

0.65
6.05

26.19
0.96

VI a — — 2.69
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west to east. The peak value -|- 31.09 mgals is obtained in the south-western
part of the island, while the lowest value of ->- 21.81 mgals is to be found at
rke northern end. The general trend is also seen at the gravimetric map Oslo-
Feltet (NGO, 1960).

The location of the samples listed in table 1 are plotted on fig. 2 and the
corresponding density values are listed. Rhomb-Porphyry samples have values
from 2.56 to 2.64 gr/cm3 , the mean being about 2.60 gr/cm3 . Basalt luns from
2.62 to 2.87 gr/cm3 ; sample GL 6 with 2.62 gr./cm3 and sample II with
2.87 gr/cm3 are not considered representative for basalt; the mean value of
rne remaining samples is about 2.76 gr/on3 . Sandstone varies from 2.63 to
2.69 gr/cm3, the mean value being 2.66 gr/cm3 .

Magnetic MoHsurenielitB

An Askania (GfZ) torsion magnetometer with a scale constant of 230 y per
scale division, where the vertical component Z can be measured with an
accuracy of ± 10 gamma, xvas used for the magnetic investigation. The field
work was carlie6 out in July 1966 during Beven 6278 and ir coveret most of
the area. The points measured lie mostly along roads and around the coast.
The distance between the points measured varies from 200 - 500 m. A main
base station ar Ås (NLH) was established, and kive sub-base stations in the
Jeløya have been selected, beinA remeasured two to three times a day.

Fig. ) shows the magnetic map ok A Z. The anomaly contours are marked
in gamma units. The location of the samples and the magnetic properties of
the analysed samples which have been measured by means of an oerstedmeter
are listed in table 1 and plotted on fig. 3.

I^komb ?olpkvrv 52inp1e8 k2ve remanenr rn2Zneci^2tion 2N<l BU3cepribilirv
V2iues krom 0.00006 ro 0.00156 cZS, rke me2N beinZ 0.00074 cZB an60.000)2

ro 0.01484 cZB, rke mean beinZ 0.0010) cZB, rezpecciveiv.
L2B2ir 82mp1e8 k2ve I^^l V2iues lroni 0.00004 co 0.00179 cZB, eke mean 18

0.000)) cZB an6BUBcepcibilicv value krom 0.00008 ro 0.0065), eke me2n beinZ
0.003)9 cZS. krom rkeBe V2lueB ir i8Been rka,c rke b2BalrB are BttonZer M2Zne
riBe6 ckan 3.komb-?olpkvlx 2n6 ckar baB2icB 2150 k2ve kiZker BUscepcibilitv.

Because of the complexity in magnetic anomalies only representative curves
are 6rawn. More variation and non-uniformity in the magnetic intensity can
be seen from the values. This is accounted for inhomogenity in the rocks.

It is worth noting that basalt sample II with rather strong magnetic proper
ties i8 situated close ro rke local magnetic lN2ximuni of 1550 y while basalt
sample I with very weak magnetic properties is placed close to the even
stronger magnetic maximum of 3150 y.
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Fig. 2. (3r2viluettic map of Jeløya.
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ViBeuBsion

By a comparison of the geological picture (fig. 1) and the iBoZal conronr
picture (fig. 2) a certain correlation can be seen; i.g. the minimum of 26 mZal3
between the two basaltic blocks and the minimum of 26 mgals in the mi6Bt
of the basaltic block; see also the gravimetric features in the sandstone area.
Large parts of the Jeløya island is covered by overburden, and it is the inten
tion by geophysical means to determine tkiz thickness during the cominZ kiel6
season. More discussion concerning this problem is therefore to be tåken up
on a later occasion.

The magnetic anomaly picture is characterized by rapid changes of several
hundred gammas. Some of the anomalies can be correlated to the geological
formations. The very strong, local maxima must be due to special conditions
in the basaks.

The correlation between the gravimetric and the magnetic anomalies is bur
small. Certain trends can be seen, however, before either more details of geo

physical data or a reworked geological map are present, and at the same time
the geological/geophysical conditions in Jeløya can be considered together
with similar conditions in the main-land area there is no purpose in studying
the present figures.
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Appendix

Bouguer anomalies computed in the usual manner, being referred to Oslo
Gravity Fundamental st2tion G = 981.92815 Zalz, the International kormuia
of 1930 being applied as far as the normal gravity in gals in the surface of the
sea is concerned, and a density value of 2.67 gr/cm3 being employed. Elevations
are either levelling points or dot-points from the 1 : 5 000 topographical maps.

No topographic correction i8 applied.

Itation Bouguer
«Jo. Anomalies

2
3
4
5

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
93
94
95
96
97

59°25'.76
24.84
27.91
27.51
26.74
26.38
26.29
26.1)
26.19
26.41
26.56
26.83
26.24
26.24
26.33
26.51
26.02
25.86
25.92
25.96
25.94
25.76
25.52
25.45
25.58
25.71
25.73
25.85
30.25
29.88
29.58
29.31
29.18

10°39'.20
36.19
38.16
39.77
37.99
38.28
38.46
38.51
38.81
38.80
38.93
39.11
38.19
37.81
37.84
37.93
37.97
37.92
37.48
37.08
36.77
38.33
38.34
37.94
38.67
38.73
39.11
38.85
39.28
39.42
39.74
39.78
40.23

2.4 m
1.0
0.5
0.5

100.22
53.129
42.486
29.120
16.603
31.053
34.204
37.669
59.83
76.293
79.197
85.971
80.339
59.491
42.352
36.381
28.773
32.804
15.321
46.033

8.626
12.932
7.512

11.250
10
45
25
44
50

981.90295Za18
90714
90774
90542
88647
89579
89768
90021
90253
89951
89914
89957
89485
89233
89178
88966
89153
89487
89863
89958
90173
89889
90211
896)7
90396
90252
90256
90312
90470
90218
90336
89767
K9813

+ 24.49 mgals
+ 29.63
+ 26.07
+ 25.72
-f 25.97
+ 26.50
+ 26.42
+ 26.49
+ 26.30
+ 25.83
+ 25.88
+ 26.65
+ 27.19
+ 27.91
+ 27.82
+ 26.67
+ 28.09
+ 27.57
+ 27.83
+ 27.54
+ 28.23
+ 26.42
+ 26.51
+ 27.11
+ 27.00
-I- 26.20
+ 25.1)
+ 27.14
+ 21.81
+ 26.67
+ 24.29
+ 22.71
+ 24.52
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kation Bouguer
>!(). Anomalies

93
99

100
101
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
367
368
369
370
371

29.08
2901
28.73
29.)4
27.42
27.83
28.08
28.)4
28.)8
2920
28.98
28.24
27.7)
27.)0
27.07
26.09
26.36
26.43
26.64
26.11
2).92
2).74
2).39
2).6)
2)39
2).22
2).82
2).)6
2). 10
2).07
24.78

40.)8
39.47
39.3)
39.24
39.18
39.03
38.)4
37.92
38.63
38.78
38.60
39.10
38.12
37.8)
37.60
37.32
36.83
37.18
37.37
36.)8
3).81
36.08
36.31
36.92
37.3)
38.08
3).)4
3).4)
3).77
3).60
3).64

)
90
)9
2)
2)
3)
20
10
1)
)

2)
6)

2.)
30
84
44

2
20

100
20
19
20
20
20
12
20

7.)
10
3)
7)
0.)

90)13
890)3
89)6)
90433
90149
89900
901)7
90)46
9022)
906)6
904)6
8940)
90604
90480
89068
89779
90)12
90096
88734
90403
90)42
90444
90423
90491
90470
90149
90806
90776
9014)
89366
90779

+ 22.79
+ 2).03
+ 24.42
+ 25.33
+ 2).29
+ 24.22
+ 23.59
+ 24.83
+ 22.54
+ 24.07
-f 26.30
+ 24.64
+ 29.40
+ 29.48
+ 26.54
+ 27.08
+ 25.79
+ 25.08
+ 26.94
+ 28.57
+ 30.02
+ 29.47
+ 29.73
+ 30.06
+ 28.62
+ 27.21
+ 30.52
+ 31.07
+ 30.31
+ 30.47
+ 31.09



Description of the geological maps "Tromsø"
and "Målselv", Troms

I. The Precambrian window of Mauken-Andsfjell.

By
Kåre Landmark.

Abstract

This paper is the first part of a description of the bedrock on the two
1 : 100,000 map sheets, "Målselv" and "Tromsø". The geological map, "Målselv" s
accompanieg the paper. 'lkiZ part 6ealß with the "wili^o^v" of Precambrian
rocks exposed beneath the Caledonian nappes in Målselv, just N of latitude
69° N. The basement coQBiBtB of mountainous areas that rise far above the

surrounding Precambrian peneplane. These Precambrian rocks are corlipoße6
of nvo main uriitß, the Mauken ampkibolire and the Andsfjellet Zralio^iorice.
The ainpkitiolire is tkouZkr to be a ineca-ka^ic. Chemical 2nal^Beß in^icace a
"normal", relatively acid, basaltic composition. The analyses are compared to
analyßeß of rnet2-baßalrß from orker parts of the North Scandinavian Precam
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Fig. 1. Location of the area described (arrow).

drian. The Zrano6iolice is believed to be a product of a Precambrian graniti
52tion. Chemical anai^es of the Zrano^iorite are given. It is shown to have
an intrusive contact against the amphibolite. The junction between these two
Precambrian units and the overlying Bckists is a pronounced thrust plane,



174

which is a part of the Caledonian "major thrust". The question whether these
basement outcrops formed actual mountains as early as in the Precambrian,
or whether they result from 2 Caledonian uplift is discussed, and the latter
Kyporkeßiß is thought most likely.

Preface

The ZeoloZic2l m2ppinZ of rke "Tromsø" and "Målselv" BkeetB beZ2n as
early as 1947, but because of orker duties the ultimate working up of the
field material has had to be pur off until recently. The geological map of
the "Målselv" sheet was printed in 1959, the "Tromsø" Bneer is still in
manuscript. The author has made various supplementary observations within
the relevant areas since the completion of the actual mapping. Since the
ropoZl2pnic base ok the "Målselv" Bneer xv2s prinre6, Bever2i new 50263
have been built, and attention i8 drawn to them in the text where they
affect the area now under consideration.

I'neBe nvo BneerB, scretching from Tromsø in the N to Øverbygd, Måls
elv62len, in the S, provi6e 2 profile across the Caledonian mountain chain
at rniB latitude - from the highest nappes in the NW to the Precambrian
basement in the SE, described in this paper. The relatively highly meta
morphosed rocks making up the greater portion of the bedrock within these
two sheets, are traditionally thought of as thrust nappes of Caledonian age.
No toBBil3 have keen found within these maps.

Research in the area treated in this first paper has, prior to the present
work, been confined to the mapping carried out by the geologist, Karl
Pettersen, who was also attached to Tromsø Museum (Pettersen 1887). He
menrionH the Kr2no6iorire ("Zmnice") of Andsfjell and Mauken, bur not the
amphibolite. He comments on the discordance between the granodiorite
and the overlying BckiBtB, and concludes that, because of it, the lower rock
is of Precambrian age. It is also designated such on his map of "Tromsø
Amt" (Tromsø county) published in 1890, shortly after his death.

'lke ok rke pl2Ziocl2BeB K2B been 6ererinine6 by rekr2crive
inciex me2BurernenrB. Lxtincrion 2nglez kor Kornblen6e k2ve been c2lcul2w6

uBinZ rke univers Bt2Ze. In or6er ro 2i6 rke loc2iiB2tion ok pl2ce N2rneB on
rke M2p, 2n in6ivi6u2i co-or6in2ce 8/Bteln (in blue) i8BuperimpoBe6. 'lke co
orclin2teB 2le given in rke rexc 23, e.Z. (8.5, 2.6).

The chemical analyses have been carried out by Statens Råstofflaboratorium
(State Raw Materials Laboratory) and Norges Geologiske Undersøkelse (Nor
wegian Geological Survey). Norges Geologiske Undersøkelse and Norges al
menvitenskapelige forskningsråd (Norwegian Scientific Research Council)
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have kin2nce6 the research, and the last-named body has covered the cost of
printing the map. The manuscript has been translated by my assistant, Richard
E. Binns, B.Sc, who has also given valuable help and good advice during the
preparation of the manuscript.

Introduction

The lnorpkoioZv of the S part of the "Målselv" Bkeec is dominated by the
Mauken-Andsfjell ridge. The Målselv river is flanked in its middle stretch
by Mauken, but further N has cut tkrouZK the ri6Ze to leave Andsfjellet as an
isoi2te<i remn2lit to the I^X^. The ri<iZe concinuex e28Nv2168 to Skjold, 2 few
kilometres off the map.

The bedrock of the Mauken-Andsfjell ridge is the Btruccul2ll^ lowest unit
within the two map-sheets, "Målselv-Tromsø". A marked thrust plane every
where forms the junction between this unit and the overlying rocks. The rock
cle2rlv repreBentB 2utocncnonouB Precambrian, and the ckrusr plane is the
Caledonian "major thrust" separating the Precambrian from the overlying
allochthonous and par-autochthonous Caledonian metamorphics. This nappe
outcrops on the highest summits of the Mauken ridge. The basement consists
ok 2N older amphibolitic complex, and a younger, chiefly granodioritic, unit.
The central part of the oaBement has 2 coramon foliation which strikes NW
3L, wirk a very steeri, krec^uenciv verric2i, 6ip. The cont2cc between the amphi
tx)lite and the Zl2no6iorice is conkorm2r)le to rkiB koli2tion 80 that the grano
6iorite ki2nlcs the 2mr>kioolite in the SW, Zenel2il^ witk 2 very steep dip. The
dement foliation differs from tkiB only near the thrust plane where it
bends to parallel cke latter (see Figs. 9-12). Other rock types occur in the
basement, but tkeBe are genetically related ro the two main types. Thus, in
the amphibolite are conformable sheets or sills of very fine grained quartz
dioritic rocks. "Transition rocks" of dioritic composition - clearly granitisation
tilo6ucts of the amphibolite - outcrop in the border zone between the amphi
bolite and tke granodiorite, especially in Andsfjell and near tke SE e6Ze of the
map- Finally, at the junction between the amphibolite and the overlying nappe
is 2 layer of green BckiBtB, xvkick M2v be interpreteci eirker as 2 border facies
ok cke 2lnpkir)olite or 25 an autochthonous basal greywacke.

The amphibolite group

'lke 2lnr)kibolice i82 Breeplv 6ippinZ i2ver trenciinZ I^V^-3L. In
irz nortkellnoBt ri2lt, ne2l it i82vour 1209 m tkiclc.
sorne IcilornetelB kurrker 3, tke tkicicneBB re2ckeB 3orne ZdOO ni. tke

tkiclcneBB i8r>rirn2rv or 6ue co cecconic ekkectZ, 18 noe e2B^ co 6ecermine, I'kiB
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Fig. 2. Mauken seen from Olsborg (11.7, 8.6) towards SE.

matter will be discussed later. The unit has a uniform cnaracrer, not varvinZ
particularly in composition or Btructure, eitner transverBall^, NE-SW, or lonZi
tu6inally, s^-55

The ampniboiite is very well exposed over the whole N part of Mauken.
A particuiarly accezgibie prolile i5 in the exrreme N, eastwards from the bridge
across Takelva, near Olsborg (11.5, 8.5) (Fig. 2). The amphibolite body shown
on the map on Andsfjellet, conBiBtB, as wc shall see, only to a lesser degree
of amphibolite proper.

The foliation i3 primarily due to a parallel orientation of the hornblende
(and biotite) crystals. Its strike i8 mostly 140-150°, but can range between
130 and 160°. This scatter is apparently due to local variations developed
during the one deformation phase. Throughout the central area the foliation
has a steep, often vertical, dip. Along the I'unccion in the NE the ampnirx)lite
dips to NE. It dips to SW in the SW, near Maukdal (around 17, 2) in Måls
elvdalen, where it borders against the overlying schists and is not represented
by the granodiorite.

'lne koiiarion aiBo repre3entB Bnear planeB alonZ verrical rnovernenr

naB cleariv raicen piace alonZ tne vertical larninacion planeB, not oniv 6urinZ
me recrv3t2iliB2tion pnaBe ok me nornklen6e an 6orker mineral, bur also
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continuing after ck2c. Hence, the amphibolite minerals are frequently cata
clastic. The shear planes are often coated with thin films of hydrothermally
korlne6 c^uarr^. Verrical Bkear plane3 are 2150 kre^uenriv Been to trend in orker
directions - especially around 30°. Kei2tivelv minor Biicicen3i6in^ is occasion
ally developed.

Petrographically the amphibolite is rather heterogeneous. Thus, the amphi
bolite, itself, frequently has a streaky or banded structure. In addition, inter
layered sheets, or sills, of quartz dioritic composition occur within the amphi
bolite. The quartz diorite bodies vary in thickness from about 20 cm to several
metres. Such layers can, for example, be seen in the profile near Olsborg, or on
the summit of Andsfjellet, as well as in the SE corner of the massif, outside the
area covered by the map. The quartz diorite i3 a massive, grey rock with a very
low concenc of rnakic mineral. On wearkereci Bnrk2ceB ir 2ppe2lB very s.imil2r
to the 2inrikiboiire, 80 rk2t it is 6itkiculr to 6ecerniine with accmncv the relative
amounts of each. The quartz diorite, anyway, måkes up a subordinate part. All
the rocks of the amphibolite massif are completely recrystallized and highly
cataclastic. The larger hornblende crystals are usually fractured, and often
separated into isolated fragments. Feldspar and quartz often show mortar
structure. Micro-shears are sometimes visible in thin sections.

The amphibolites are dark grey-green to nearly black. The dominant type
i8 2 koinoZeneouB, massive rock, bm it alternates with banded types. The banded
amphibolites seem to occur subordinately in the massif, bur the quantitative
rel2Nonskip berween the nvo rvpeB i8 6ikkiculc to 6eterniine. Nor is it clear
whether the banded types are fairly evenly distributed or mainly confined to
certain zones. The homogeneous amphibolites frequently display only a weak
I>s^'3L toliarion paraliei to the Bteerilv 6ippinZ koiiarion of the rn2BBik as a
whole, and show little tendency kor splitting along that plane. The banded
amphibolites are also massive rocks, without real BckiBtoBirv, bm xvick a Arealer
cen6encv to Bplir P2lallel ro the ban<linZ. The ban6inZ reBulcB from an alterna
rion ok lighter Zrev, and 62rlcer I2verB. The individual ban63 kave a breadth
which varies from a few millimeters up to 2 couple of centimeters. The bands
are often not verv persistent, but wedge out, so that the structure becomes
more streaky than banded (Fig. 3). In several places the amphibolites are cut
bv irreZular nec^vorl« of very fine c^u2lt2 veins. The veinB are uBU2llv onlv a
few millimeters broad.
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Fig. 3. Banded amphibolites: a) coarser bands, wedging out; b) streaky varieté.
% nat. size.



179

a) Amphibolites >vitn nornblen6e as rne sole 6arli mineral.
b) v/itn nornblen6e an 6lesser 2mountB ok biocite.
c) Lan6B witn biotite, bur wirnout kornblencie.
6) Lan63 wien (clino-)2oiBire, muFcovire an 6biorite.

The pure amphibolite without biotite is the major variant. Table 1 summa
ll2eB the petrographic data on which ckiB division is based.

These rocks contain phenocrysts of hornblende in an extremely fine grained
groundmass of mainly light-coloured mineral. The hornblende forms relatively
long-prismatic crystals, mostly 0.3 - 0.5 mm long, but occasionally up to 1 mm.
The grain size of the groundmass is usually 0.02 - 0.04 mm. Where the horn
blende content is especially large tkis mineral korms 2 more or less continuous
mesh. The hornblende crystals are occasionally poikilitic and frequently have
highly irregular outlines. Most of the hornblende individuals show sub-parallel
orientation. Both the hornblende and the minerals ok the groundmass display
cataclastic effects. The crystals are often fractured, partly into separate pieces,
and the quartz usually shows undulating extinction. (See Plate 7.)

The hornblende is an ordinary green hornblende, never actinolite. It is
strongly pleochroitic, frequently in olive-green and pale yellow. Birefringence
varies somewhat, between 0.020 and 0.025. The rekractive in6ex varies from

1.67 to 1.68. The extinction angle y/c is high (25 . 28°). This is much higher
than usually given for green Norndlen6es in rnetabasites from the mount2in

TABLE 1
Mineral assemblages of ampbibolites from Manken.

No.
Plag. Hornbl. y/c j Y Liot. Muse. Zois.

2287 Homogen, zection x 70-80 A 26° 1.670

2248c x 4050 » 28° 1.68

2290 x 3050 . 24' 1.674

617 x 20-23 . 26° 20-25 %
2288 (x) (x) 30% 30%
2261 Streaky section

Dark band x 7080 . 25° (x)

Light band z 15 »
2446b » Dark band x 50%

Light band x 20 » 26° 1.678

On the Dasis of the mineral content of these rocks they can be divided inc
:he follow ng 4 types:
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cnain of N Norway (e.g. Vogt 1927, Bugge 1948, Vokes 1957). But Randall
(1959) reports a 3imilar value for hornblende in rne Lyngen gabbro in Troms.

The biotite is brown and strongly pleochroitic. It occurs partly as indepen
dent flakes equal in size to rne hornblende individuals, partly on the borders
of the hornblende crystals where it is clearly recrystallized from that mineral.
In the biotite-rich part of specimen 2446 b the biotite is less affected by cata
clasis than are the other minerals.

The fine grained groundmass consists predominantly of feldspar and quartz.
The feldspar is an acid plagioclase. Potash feldspar is not observed. The feld
spar and quartz grains are of about equal size. Narrow twin lamellæ can be
seen only in a few of the larger feldspars. The feldspar is often almost clear,
and difficult then to distinguish from quartz, but ir often contains small in
clusions of sericite and rod-shaped zoisite. Large numbers of inclusions are
never seen in the plagioclase. All the plagioclase seems to have the same
degree of acidity, with an An content of 12 - 1) %.

Quartz occurs in all the specimens, though in varying amounts. The exact
proportions of quartz and feldspar are difficult to determine, however. They
seem to de about equal in specimen 2290, but otherwise quartz is considerably
subordinate to feldspar. In specimen 2288, which chiefly consists of muscovite
and zoisite, feldspar is insignificant in amount. The quartz almost always has
undulating extinction.

Brnall ZrainB ok (clino-)2oiBire an6epi6oce occur in tne Zrouncknan ok eke

rnajorirv ot tne BpecilnenB. In tne 2oiBire-ricn Br,ecirnen, 2288, 2oiBite occun
28 niZniy irreZularlv.BN2pe6 2WreBare3 0.3 - 1 mm in Bi^e. lne 2oiBire ZiveB
2noni2iouB, dluiBn, inrerkerence colourB. lne rnuBcovice in tkiB Bpecirnen conBiBtB

cniekiv ok kine Zraine6 Bericire (0.01 - 0.02 mm) in conracc xvitn me 2oiBite, bur
a kev/ larZer, scarrere(i klakeB are ai3o Been.

small 2niountB ot Bpnene an6iron-ore occur in all me specinien3. lircle

apacire 18 kound in zpecinien 617.
I^lo pvroxene relicn nave deen odBerve6, nor anv alrerarion ot norndlen6e

to cnlorire. lne mineral combination muscovire-nolnblen6e 6oeB nor occur in

any ot me Bpecimen3. lne Bmall amounrB ot epiciore an 620i8ice normaliv

preBenr, in6icare rnar me original r,l2Zioci2Be naB deen calcium-poor.
ro me mineral 288emdlaZe8 ourlined adove tne roclcB in <^ueBtion

mu3t delonZ ro me upper part ok me epi^ore-ampnibolice kacies, in xvnicn

a plaZioclaze nirn up ro adour 1) yz i8Btadle.
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V oi 11. 111. IV.
VI Mauken, green schist no. 850.

VII Birtavarre, Troms, metabasics, average of 5 analyses (Vokes 1957, p. 67).
VIII Sodankyla, Finland, amphibolite. (Mikkola 1941, p. 257).

The chemical composition of the amphibolite
Three chemical analyses of the "pure" (biotite-free) amphibolite have been

carried out, and also one of the green schist which forms the junction zone
l)enveeli the am^liliiloiite and the overl^in^ lnet2,'Beciiinelic2,l/ Bcki3iB. dklorire
is the chief mineral in the green schist, green Kornl)len6e oni/ occurrinZ as
relicts. This rock will be treated in greater detail in another connestion (p. 197),
50 wc BK2II onl^ conBi6ee the ckree arnpniix)liceB nere. Their analyses are given
in Table 2 columns 11, 111 and IV, the average of these being in column V.

lunere is a BtrilcinA sirnil2lirx ber^veen the rkree anal/BeB. I^one of the corn
ponentB show an^ BiZnilicanr Bpreacl of valueB. IneBe data Bnoul6 tkerekore
provide a good foundation for a general conBi6er2tion of the comriQ3irlon
of the 2mrinil)olire3.

The 2nalxßes fall '«vell wirkin the normal variation trend for gabbroid minor
intrusives and extrusives. To aid comparison the table also contains "the average
of 43 analyses of plateau basalts" given by Daly (1933, p. 17, no. 60). The

A compariso of the 'auken a; iphiboli ¦es with ome oth <r basaltic rocks

Mauken Aver- Green Birta Fin-
Daly mphibolii :es age sch. varre land

I II 111 IV V VI VII VIII

SiO2
TiO~2
A12O3
Fe2O3
FeO

48.8 50.0 49.0 49.4 49.3 48.8 48.5 49.4
2.2 1.8 1.2 1.8 1.6 1.2 1.2 1.7

14.0 14.2 14.4 13.3 14.0 14.6 17.3 14.1
3.6 3.0 2.7 3.4 30 2.2 1.3 2.Z
9.8 10.7 9.9 10.3 10.3 10.6 7.6 12.0

Klno 0.2 0.3 0.2 0.3 0.3 0.2 0.1 0.2
kIZO 6.7 6.0 7.5 6.8 6.8 7.9 7.9 6.1
dao 9.4 10.0 10.1 9.9 10.0 6.5 11.9 10.5

Na2O
K2O
H.,0

p2p 2o5

2.6 2.7 2.8 2.2 2.6 3.1 2.4 2.3
0.7 0.4 0.2 0.3 0.3 0.2 0.3 0.6
1.8 1.4 1.6 1.5 1.5 4.7 0.9 0.6
0.3 0.1 0.1 0.2 0.1 0.1 0.3 ti.

I •aly 1933, p. 17, n< .. 60: Plai :eau Basal , average of 43 am dyses.
II [auken, ai lphibolite no. 61 5.

111 > ' 244 /.
IV . 228
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similarity between rklß averaZe anal^Biß and the orker three is quite striking.
Only the potassium content differs noticeably, the Mauken analyses håving
0.2 -04 % K2O against Daly's 0.7 A. The potassium content is, anyway, low
compared with that normally given for basic magmatic rocks (e.g. Oalv 1933 ;
Johannsen 1932). (This is also a well-known feature of the Caledonian green
Bckißtß of Norway.) The silica content of the new analyses is that of a basaltic
magma of moderate aci6ir/.

Without drawing an/ definite conclusions from the few analyses available,
I xviii reker to Bome analyseB from pllrrB of the N Scandinavian Precambrian
that are geographically close to the Mauken area.

From VeBr-kinnrn2llc, in Norway, all the analyses of "greenstones" (Holmsen,
Padget and Pehkonen 1957) and of "diabase-like rocks" (Gjelsvik 1958) are
too sodium-rich to bear comparison with the Mauken amphibolites. However,
ihere are some analyses of non-spilitic meta-basites from Swedish and kinniBN
Lappland, that provide more suitable comparative material. Geijer (1931,p. 179,
no. 1) gives an analysis of an "effusive diabase" from the Kiruna area. This
contains the same amount ok SiO2 (49.1 %) as the Mauken specimens, bur
some more AL>O3 (15.7 %).None of the orker components differs significantly
from the Mauken amphibolites. The potassium values in several of Geijer's
Precambrian meta-basites are rather low, similar in value to those of Mauken.

From Finland there is an analysis of an "amphibolite" from Sodankyla
(Mikkola 1941, p. 257), v^nicn is the neareBt of all in compo3irion to the
Mauken amphibolites. It is repro6uce6 in Table 2. The onl/ ciikkerenceg it
shows from the amphibolites is in the F2F2O3/FeO relationship and in the some
what higher potassium content.

kinaii/ it should be mentioned rkar the Caledonian meta-basites from
Birtavarre in Troms (Padget 1955, Vokes 1957) seem to differ markedly in
chemical composition from the Precambrian amphibolites described above.
Five anal/Be6 BpecirnenB from Lirravarre all conrain BiZnikicantl/ more alumi
nium and less iron. The average of these analyses is given in Table 2.

The quartz dioritic rock witbin the amphibolite
As 6e3cride6 previou^, rkiB c^uarc^ 6iorire occurB as Bkee« or BiUB of light

grey rock, concordantly interbedded here and there in the amphibolite. The
rock is krec^uentl/ rran3lucenr on kracrure e6Ze5. Ir has no hornblende, and
contains only small or completely insignificant amounts of biotite. Muscovite
is absent. Plagioclase is the only feldspar (An 15-17 %). In the types poorest
in biotite there is only a very kai nr foliation, bur no schistosity.
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'lkree BpecirnenB ironi Nikkerene locaiitieB can be 6escribe6 in more 6etail.

3pec. 2503 a- From Andsfjell. Micro.: Plagioclase and quartz are the chief
iiiinerals, and have a fairly uniform grain size (0.0) -0.07 mm). The quartz
occulB as relatively equidimensional grains, without significantly undulating
extinction. The feldspar forms the matrix between the quartz grains. Twin
lamellæ are seldom. An = 15 %. Small slivers of dirty brown biotite and small
lathes of zoisite, up to 0.02 mm long, occur in very insignificant amounts. The
2vislte is always in the feldspar.

Spee. 2446 a. From Olsborg. Micro.: Mostly identical to the previous speci
men. The quartz content i8 about 2/3 that of the plagioclase. The plagioclase
is An 17 %.

Spee. 1674 a. From Skjold, about 2 km SE of the SE corner of the "Målselv"
Bneec. Micro.: The mineral are rnoBtlv the same as in the previous specimens,
but 2 little co2lBer. Quartz and feldspar measure about 0.15 mm, and the biotite
is also corre3pon6inglv i2lZer. Frequent nvin laineiiZe are Been in tke kel^par.
An = 17 %. Small sphene crystals are scattered throughout the Beccion. A kew
tinv ZlainB of 2p2tire and calcice are 3een.

ckemical analvBiB ok Bpecirnen 1674 a 18 Ziven in labie 3 (p. 186). 'lke
norm ok tke 2N2lyBiB, witk <) — 30.6, Or — 4.0, — )1.) an 6 — 10.0,
can be 255urne6 to corre3pon6 verv weli tke rno6e ok eke roclc. dalculace6

krom tke normative arnouncB ok an 6 tke plaZioclaBe K2B a carnpoBition ok

Ike comrioBition ok tke rock correBpon6B verv clvBelv co Borne ok (^oI6-

Bckmi6r'B tron6kjerniteB ((^ol6Bckrni6t 1916) krom tke Norwegian mountain
ckain. 8t12n6 (19)8, p. 126) rekerB ro BkeetB in tke Zreen BckiBtB ok ttelgelan6,

wkick Beern, krom rkeir mineral contenc, to kave 2 Bimilar cornpo-
Bition, roo.

Ike rocic 15 eBpeciallv ckaracreri^e^ by itB pronounce6 leucocracic compoBi
tion an 6itB verv low potaBBium concent. Ir M2v beBt be c2ile6 a verv aci6
(mera-) leuco6acite.

The granodiorite

Ike Zranockorire i8expoBe6 in Beveral iBolace6 areaB, namei^ in
alonZ tke Bi6e ok ktaulcen krom an6Boutkwar6B kor abouc 12 Icm*),

ar 3torkauZ near tke conkiuence ok an6Lar6uelva, an6alonZ eke V^

*) As a revision of the printed map, tliis outcrop is connected to the tiny one in
the N, just E of Moen, by a narrow zone, and 60e5 not stop at kle^rilcgbelZ, as the inap
shows. In addition the strueture symbol at (11-6) on Andsfjell zkou!6 show a 6ip of
25° to SE and not to NW.

'°°X'M = 16.3 % anorthite.61.5
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slope of Mauken near the S edge of the map. The rock is particularly easily
studied in Andsfjellet, itself, and beside nearby Andsvatn. Andsfjellet is almost
dome-shaped, with the granodiorite standing out in tke central part Burroun6e6
by the overlying mica 3cki3tB in the NW, SE and SW. I^ectonic movement3
Nave, kowever, aiBo given the junccion of the Zrano^iorice an exceptionaiix
irregular form, with collSBpon6inZlx irreZular brancneB (Bee map). The expo
sures in the S along the Målselv vailey have more reZuiar BkapeB 6ominate6
by the I>s^.3L Btrilce of the rock.

It is possible to distinguish the following variations in tkiB unit:
1. Medium grained, massive rock, with only a weakly developed foliation.
2. Pegmatitic type.
3. 6vlceB.

4. Migmatitic-like variants.
5. doarBe grained breccia.
6. Foliated mylonitic gneiss.
The massive granodiorite, type 1, is the most extensive of these variants. It

occurs primariiv in the central part of rke unit, inside the narrow border zone
which abuts against the amphibolite and the overlying rocks.

Mineralogically there is very little difference between the various structural
types. All contain, though in somewhat varying amounts, quartz, acid plagio
claBe and microciine as the chief mineral, and only small numbers of dark
minerals. The massive granodiorite will be described first.

I'kiß rock is Zeneraiiv rneZaßcot)icallv ratker komoZeneou3. It has a medium
Zraine6, white to light Zrev Zroun6rnaßß of c^uarr^ and kel6Bpar, wkick is
interspersed with very irregularly shaped aggregates of dark minerala These
are often drawn out to lengths of Yl - 1 cm and are adour 2 mm in breadth-
They are arranged more or less parallel and give the rock a mottled appearance,
or ane which is more or less streaky according to how far the foliation is
developed. The total content ok the mafic mineral is always low, dur varies
80me^vkar. 3udor6inace varianrß rkat are almosr lacking in dark mineral also
occur. The foliation is only defined dv the parallel orientation of the dark
aggregates. In the parts lacking these dark minerals no foliation can be dis
cerned. Whilst the overall impression obtained from a study of these types is
of a Zrevißk-loolcinZ Zrano6iorite, the microciine is sometimes slightly pinkish
so that tke colour of the rock is inkluence6 by tkac. Under the microscope
(examples are from thin Becrion3 of specimens 546, 794, 795, 797, 798, 2262,
2466 and 2480) the quartz, microcline and plagioclase show a granoblastic
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texture (Plate 11, a). The gram size of these minerals is rather similar, varying
usually between about Vi and 1 mm. The quartz is completely clear and shows
no undulating extinction. The microcline is also wholly clear and displays
beautikully 6evelope6 lameUZe. It usually contains no perthitic inclusions. The
plagioclase often has an almost rectangular shape, and then always has its long
axiß perpendicular to 010. The shape of the microcline is more irregular. It
surrounds or includes numerous grains of plagioclase. The plagioclase shows
very well 6evelope6 albire nvinß >virn relarivei^ broa6 lameiize. It ÜBua!ly con
tains some inclusions, frequently in insignificant numbers and rarely in consi
derable amount. The numbers of inclusions vary from specimen to specimen.
Plagioclase grains that are almost completely free of inclusions are seen. The
inclusions mostly are small flakes of sericite, bur also very small, mostly rod
shaped, crystals occur which are clearly mainly zoisite. The anorthite content
of the plagioclase is the same in all specimens examined, namely only 3-5 %.
It is nence a råtner aci6 albire.

The proportions of microcline and albite vary a good deal from one specimen
to another (as the analyses also indicate), and are not easy to determine with
an^ exactitude, even under the microscope, as the distribution within any one
thin 3ection is rather uneven. The main type, however, contains a good deal
more albite tnan microciine, rnouZn BpecimenB occur vakere the two feldspars
are more or less equal in amount. Quartz and feldspar usually lack all evidence
of cataclasis.

The dark mineral consist of irregular intergrowths ok biotite, hornblende,
epidote and iron ore. The strongly birefringent epidote is the most common.
Afterwards comes biotite, as dirty greenish-yellow, strongly pleochroic flakes.
The hornblende is also deep green and 3rronZly pleockroic. It occurs least,
and is an unstable mineral.

Two analyses of the rock, both from Andsfjell, are given in Table 3, p. 186.
The analyses indicate granodioritic or granitic rocks with a high percentage
of silica and a relatively low aluminium content. The calcium content is low.
The sodium/potassium relationship is very different in the two specimens.
Specimen 546, with a greater proportion ok Na2O than K2O, corresponds
best to the main variant of the rocks and according to Johannsen (1932) rkiB
ougkr to be ciekineci as a sodaclase-granodiorite.

To rr^ to cornere the analyses with some from other Precambrian grano
diorites and granites from nearby regions, we may look at Odman's reference
to "7 Karelian migmatite granites" from Norrbotten county, Sweden (Odman
1957, p. 126). None of these are like the Andsfjell granodiorite. They all
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TABLE 3

<?/ quartz diorite rock and granodiorites from the Mauken area

conrain less SiO2, and xvick one exceprion, more A1203, and all contain con
siderably more K2O than NaL>O. There is an especially large discrepancy
between the Andsfjell Bpecimens and the c^vo anal^ez from the Vassijaure
granite from close to the Norwegian border near 'lornerrazic. tiowever, Strand's
(Foslie and Strand 1956, p. 72, no. 1) analysis of a Precambrian "granitic
gneiss" from Børgefjell, Nordland, Norway, corresponds fairly closely with
specimen 795.

Some of the variants of the granodiorite that differ structurally or texturally
from the main type, rna)? now be treated.

Pegmatitic bodies occur at several localities within the basement, though in
insignificant amounts. They consist of irregular dykes or lenses. Both pegma
tites with pale pink microcline as the dominant feldspar (e.g. no. 798 b. from

Quartz
No.

Wt. %

diorite
674a.

Cation %

Granodiorites
No. 546 No.

Wt. % Cation % Wt. %
795

SiO2
TiO2
A1 2O3
Fe2O3
FeO

72.85 67.7 75.85 71.6 76.23 71.9
0.46 0.3 0.24 0.2 0.08 0.1

14.40 15.8 11.23 12.5 12.91 14.3
0.32 0.2 2.73 1.9 0.58 0.4
1.56 1.1 1.24 1.0 0.75 0.6

MnO 0.01 0.04 0.01
MgO 0.55 0.8 0.20 0.3 0.13 0.2
CaO 2.71 2.7 1.03 1.0 0.55 0.6
Na2O
K2O
H2O —
«20^
CO2
P2P 2O5

5.68
0.66
0.04

10.3
0.8

4.80
2.40
0.04

8.8
2.9

3.30
5.00
0.05

6.0
6.0

0.17
0.3

0.24 0.45
0.18
0.10 0.03 0.02

99.69 100.0 100.0? 100.2 100.06 100.1
Q 30.6 , 35.2 34.8
Or 4.0 , 13.5 30.0
Ab 31.5 , 44.0 30.0
An 10.0 2.5 3.0
2 lem 3.9 4.8 2.2

100.0 100.0 100.0
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Fig. 4. Migmatitic Btrucnire within the granodiorite.

Andsvatn), and types with light grey albite as the main mineral (e.g- no. 2467
from the E side of Andsfjellet), occur. The feldspar crystals have dimensions
of Yl - 2 cm. The albite, also in these, has only 3 - 5 % An. The mafic minerals
again occur in extremely irregular "clumps", and only in very subordinate
amounts. A pegmatite area of relatively large dimension is found on the E
side of Andsfjellet. It forms a ridge-shaped area ztrerckinZ from Bukteholmen
(10.5, 8.5) more or less due W up the hillside. The pegmatite is 2 steeply
6ippinZ 6ylce-nec with a Btrilce parallei to the 6ireccion of the ri6Ze. In rkese
peZmatire3 are Borne beautikui csuarrx cr^3tai3 up to Beveral centimetreß in Bi^e.

About due W of tniB peZlnacite-nec the map BnowB the Zrano6iorite as
håving 2 worm-like branch within the otherwise overlying mica schists. This
is 2 quartz segregation along a Bteep, brecciare6 kault line. I^iB fauk and the
pegmatite ridge are probably tectonically associated.

Aplitic dykes, clearly cutting the granodiorite foliation, are found at several
iocalities. Such dykes can, for example, be seen in the quarry near the bend
of the main road WSW of the bridge over Målselva, near Buktemoen, Moen.
They trend somewhat variously here, but generally with a 40° strike and about
60° dip to N. The dykes are often only about 10-20cm across, and are exposed
for up to 20 m. The material is light Zrey to white, or light red, accor6inZ to
which type ok feldspar dominates.
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Fig. 5. Granodiorite intrusion in amphibolite (seen through water in the floor
of a stream).

Migmatitic Brructure3 are Been in a ke^v ext)oBureB. One is beside the road
(13.5, 4.0) on tne N side of Storhaugen (Fig. 4). Grey (black on the photo-
Zrapn) flake-shaped agmatitic inclusions are found in the granodioritic mate
rial nere. I'neBe paleoBome kraZmentB have the same mineral canrenr as the
Zrano6iolire, buc have a larZer proporrion of biocite and nornblen^e, 80 that
they achieve a definitely granodioritic composition. The agmatites are sur
rounded partly by light greyish granodioritic material, similar to the main type
of the Andsfjell granodiorite, partly by irregular bodies of pegmatitic material,
which are themselves cut by aplitic veins and dykes.

'lne claBtic or rnvloniric variantB ok rke Zrancxiiorire be 6eBcribe6 larer.

The relationship between the amphibolite and the granodiorite

'lke conract bet^veen tne ampnibolice an6tne Zrancxiiolice can be obBerve6
ar inanv localirieB. l^niB iunction naB, in a 6eBcrititive BenBe, a 6iBtincc "inrrusive"
cnaracrer, tne ampnibolite 28 me ol6er unit an<i tke 28 a
vounZer mobile coinponenc. 'lne contacr ko^vever, KaB a 3onie^vnat 6ikke
reni development in tke variouB expoBure3.

Fig. 5 shows a section of the contact zone in an exposure in a stream
about 0.5 km SE of Fredriksberg (12.5, 6.0). Granodioritic dykes are seen
cutting the amphibolite. Their dominant trend is nearly perpendicular to the
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steep junction which itself trends NW-SE (the massive granodiorite, itself,
is a few metres below tke area shown in the pkotoZrapk). Near the bottom
ok the photograph fragments of amphibolite can be seen in the granodioritic
material. The surrounding fine grained amphibolite, here, displays no marked
effects of metasomatism.

A characteristic granitization zone in the amphibolite is exposed over a large
part of the summit plateau of Andsfjellet. The bedrock consists of a continuous
layered alternation of the melanocratic host-rock and light granitic material.
The layers have a regular strike of 155°, and a very steep dip. The thickness
of born the melanocratic parts and the granitic horizons varies from about
10 cm up to several metres. The regular parallel Btructure can, at first glance,
invite some uncertaincv as to vketner the ploceBB has been Zranitic intruBion
of a basic rock, or the opposite. However, granitic apophyses can be ob3erve6
croBBinZ basic layers in several places, whilst the basic layers are never Been
to cut granitic horizons. It can be observed, too, tkat the basic lavers show a
diffuse disintegration within the granitic material (Fig. 6, right-hand part).

Ike baBic laverz kave been Bomewkat more 6eeplv ero6e6 tkan tke Zranitic

material K2B, an6tki3 ten63 to BtrenZrken rke taiBe impre^ion tkar tkere kas
been incrusion ok ba3ic material (kiZ. 7).

Fig. 6. Granodiorite intruding amphibolite, Andsfjell.
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Fig. 7. Dark bands of
amphibolite in granodioritic
material, Andsfjell.

The granitic material largely consists of white or pale pink aplite (e.g. specs.
2371 and 2504), but there is some coarBer grained material, mo. The quartz
diorite-aplite of the amphibolite occurs here, too, and can easily be miBrg.lcen
for rklB, bur it has a Zre^er, gliZkri/ Ziasz^ appearance.

The melanocratic layers are greyish rocks of dioritic appearance, and have
oni^ a kainr koiiation vv^kicn paralleiZ the strike of the layers. All the specimens
are nearly equigranular, with the grain size varying in different layers from
i - 2 mm and down to about 0.3 mm. Acid plagioclase is the main component,
with var^inZ amountB of nornblen6e and diorire as the dark mineral.

Microscopically, specimen 2503 from these beds, shows 2 pronounced grano
blastic texture. About % of the thin section reveals plagioclase, with a gram
size of around 0.3 mm and extremely irregular borders. It contains many in
clusions, mostly of epidote and small muscovite flakes, bur also of all the
other minerals elsewhere in the thin section. Twin lamellæ cannot be Been, buc
cleavaZe craclcß are vißible in most Zrainß. The retracrive in6ex, <ierecrnine6
by immersion, indicates 5 % An, 80 it i8 a conßi6elablv more aci6 plaZioc!a3e
rkan rkar of rke airlpkibolireß. Much czuarr^ is present. Biotite is the major
dark mineral, about 20 %, wkilßr kornbiencie is relatively rare. Both mineral
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are seen in rkin Becrion as sub-parallely orientated crystals, and are strongly
pleochroic. The biotite is brown, with a slight greenish tinge which disdngui
shes it somewhat from rke pure brown biotite ok the amphibolites. The biotite
and kornblende are okren inrerZrown and the latter alßo occur3 as inclusions
in the former. The borders between the two mineral are often diffuse, and
the hornblende gives the overall impression of being unstable. Scattered through
out the section are 2 few flakes of muscovite, up to 0.2 mm in size. Epidote
occurs fairly commonly, and ore (magnetite?) in small amounts.

If we then pass on ro the granodioritic area further up the Målselv valley,
we find a type of granitization that has led chiefly to products with a some
what different texture. This can easily be studied beside the main road, near
Trongen (25.0, 0.5), and on the orker side of the river, E of Alappmoen, or by
the main road near Skjold, about 15 km further S along the valley (outside
the area shown on the map). Coarse grained or pegmatitic intrusions ok pinkish
granite have, here, transformed the amphibolite to dark, granodioritic types in
wkick the kel6Bpar crxBt2iB are of conBi6erably larZer 6irnenBlon ckan the orker
mineral, and often form definite porphyroblasts. This applies to the albite
as weli 28 the microciine. The microcline, especi2llv, pro<iuceB well-Bkape6 rec
tangular cross BectionB, with dimensions up to % x 11/2 cm.

I°ke Zranite intruBionB L ok are primarilv rna6e up ok BkeetB
P2rallel ro tke Bteep koliation ok tke arnpkiboiite. 'lke BkeetB varv in rkiclcnesB

krom about 20 cm to Beveral rnerreB. lnetaBolnaticallv 6erive6 grano6iorite
korlNB a 6iBtincr 2one Borne 10 m or more rkicll.

Ikree Bpecirnenß kroni rkiß area kave been BNi6ie6 under rke riiicrQßcope:
l>pec. 2450 krom near rke 3T corner ok rke rnap, Bpec. 2449 b. krom near

2n6 Bpec. )41, krom Borne lcilomerreß L ok tke M2p. I^ie Bainplez
2re unikorrn wick «niv BiiZkr variationß in development. plaZi«claße i8
alwavß tke ckiek mineral, occurß in varvinZ amountß, wkick are dikki
culr ro ciecermine exacriy. 'lke mc>Bt microciine-rick Bample i8no. 541, in wkick
rkiß mineral Beemß ro approack cloße to pla^ioclaße in amount. I^ke nyo ocker
82mple8 contain conFiderabl^ IeBB. kormß dekinire pkenocrvßtß onlv
in tke kirßt ok rke Bpecimenß, orkerwi3e rke Zrain zi^e ot all rke mineral
varieß benveen about 0.) and 3 mm. 'lke darlc mineral varv benveen about

10 and about 2) 95 c»k rke wkole. l)uart2 is preßenr in all rke Bpecimenß. kew
c^uire cle2l plaAioclaßeß witk 2onal Btructure are Been, tke core kaving a Bome
wkar kikker extincrion rkan rke outer In orker caßeg rke ToninZ i3pro
duced by a kigklv Bericiric core Burrounded by clearer material, or rke Bericire
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has developed along a detinire zone vitk clearer pi2Ziocl2Be bork in the core
and in the «urer zone. The retracrive in6ex, nieaßure6 in colnparißon to quartz

and canada balsam, in6icareß tke pi2Zioci2Be of the amer zones to be a rather
pure albite.

Microcline occurs in various different habits. Plagioclase grains are seen in
wkick the microciine occuiB oniv as p2tckv anriperrkiric inclusions. At orker
points the microcline forms bays in the plagioclase, and there are often only
relicts left from the latter mineral. Furthermore, microcline pnenocr^3tB con
eining inclusions of plagioclase (and of the dark mineral) are seen, though
some microcline crystals show an almost complete lack of inclusions. Myrmekite
is 6eveloped occ2Bionall/, bur is not very r^riicai.

The dark minerals of specimen 2450 consist of green hornblende and
brownish-green biotite in more or less equal amounts. Both are strongly
pleochroic and intergrown. Brownish speckled patches are often seen in the
hornblende, clearly indicating an embryonic biotitization. No. 2449 b. has
slivers of dirty brown biorire as the chief 6arlc mineral. No norndlen6e is
zeen, bur rnere is 80ine erii6«re with a high interference colour. There are also
a few allanite crystals, surrounded by borders of epidote. In No. 541 an iron
rich epidote forms about half of the dark mineral, There is also some dirty
pale green Kornblen6e with small incluBions of ore and epi^ore. Biotite is not
present. The 6arlc mineral are Zarnere6 inro clurnp/ aZZreZareB, like those
in the "pure" granodiorite. Some sphene is seen in all the thin sections.

Whilst the conracr benveen rke ampkiboiire and the Zrano^iorice is -a very
6ekinire Tone of ZranitiTarion, ir is also characterized by the tectonic tensions
and movements that have tåken place. The result of this shows itself ro differ
ing extent in different areas. On the summit plateau ot Andsfjellet, with its
characteristic "intrusive" structure, no conspicuous tectonization was observed.
However, wc are not ar the actual contact of the granodiorite and the more
easterly situated massive amphibolite of Mauken, as the amphibolite in Ands
fjellet is an isolated patch "floating" in the granodiorite. At the eastern border
of the Andsfjell massif, beside the main road to Finnsnes*), near Buktemoen
(10.3, 8.8), 2 sharp contact between the Mauken amphibolite proper and the
granodiorite can be obßerve6. In the irnniecli2ce tew lnerreß paraiiei to the
contact, bork the granodiorite and the amphibolite display a definite breccia
structure, the rocks håving been crushed somewhat, though no significant
thrusting has tåken place. The corresponding contact for the granodiorite of
Mauken, SW of Myrefjell, has 2 decidedly tectonic character, even though the

*) A new road - not shown on the geological map.
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intruded dykes (Fig. 5) show only slight signs of this. The contact is, kere,
accompanied by a zone where both the granodiorite and the amphibolite are
brecciated. This zone has a width on the ground of some 10 m, rkrouZK >vkick
the be^raclc Burk2ce (moßrlv conceaieci) is akten ero6e6 inro small elonZ2te6
hollows- The contact has a marked brecci2te6 cn2l2cter on eicner side of the

river near Trongen and Alappmoen. Whilst the cataclastic textures connected
witk the d2ie6ani2Q averckluzrinZ lollaxv the junction plane between the base
ment and the rnlUßt cover, the breccia Tane P2l2ileis the Bteep NW-SE kalia
rion of the r>2Beinenr.

Concerning the time relationship between the brecciation and the graniti
zation the following can be noted. As shown in Fig. 5, the granitic dykes reveal
no sign of post-intrusive movements despite their location within that area
of Mauken where the junction i3 80 cle2llv tectanic. When >ve mave kurener S,
to the granitic dyke material in the Trongen/Alappmoen area, wc see that this
has a most distinct brecciose character (spee. 2449 a). On the other hand the
tectonic effects are aniv weakly developed in the feldspathized types of this
area, specs. 2450, 2449 b, and 541. Megascopically, these show no sign of
biecciation, but the quartz is seen to have very marked un6ul2tinZ exrincrian,
and mort2l Btructure is 6evelope<^ at the rior6els of the kei^Zpar crvBt2iB. On
the whole, however, the newly formed phenocrysts of t)i2Ziaci2Be and rnicra
cline show little evidence of crushing, though a few plagioclase grains have bent
twin lamellae and some cracks, filled mostly with epidote. All this suggests
that the granitization has continued after the major part of the brecciation
took place.

The genesis of the granodiorite
Every aspect of the granodiorite and the granite make it natural to consider

cneir formation by 2 ploceßß of Zl2nici22tian. Ir seems feasible, for all the areas
described, to consider that the older, now granitized, rock, once consisted of
parts of the neighbouring amphibolite. Paleosome relicts ok obviously different
rocks are not observed. It seems reasonable, furthermore, to attribute the grani
tization to a time after (or cantempor2neouß '«vitk) rk2t when the 2Mpkirx)lite
I2ver3 285ume6 tkeir present vertic2i t)aßitian. 3uck an interpret2tian kin6s
support in the fact that the junction towards the amphibolite always runs
P2l2ilel with the l2rker uniform ss^-3L Btrilce of the 2mpkir)alire, insre26 of
håving irregular bodies of massive granodiorite penetrating laterally into the
amphibolite. The conditions 2ianZ tke junction can be 2rcric)ute6 to a diapiric
uplift of rke granodiorite. The tendency to brecciation that cancan be observed
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klong the junction zone can be attributed ro such an uplift. This movement
has affected the granodioritic rock along rke concacr, rkougk the Zl2niriT2rion
has conrinued c>evon6 the main perioci of uplikr.

Granitic rocks also occur immediately beneath the post-Precambrian sedi
mencs in the nearbv Vivi6alen 6iBrrict. It 3eernB rkar tklB Zranire is somewhat
different from the granites described here, though I can say nothing definite
about tnig at present.

The relationships at the junction between the basement
and the overl^inss inetHBesimentB

The contact between the granodiorite and the overlying metasediments
More or less metamorphosed sediments overlie the Mauken amphibolite

complex and the Andsfjell granodiorite. These meta-sediments vary a good
deal, including low metamorphic chlorite schists, muscovite-biotite schists,
quartz-rich schists and quartzites. These will be dealt with in greater detail in
a later paper - inclu6inZ 2 discussion on how far they represent par-autoch
thonous Cambrian, Eocambrian or Precambrian deposits or are parts of long
transported thrust nappes.

In the two neard^ baBemeni windows, at Bardu in the S and Dividalen in
the SE, the relationships near the contact of the Precambrian gneisses are more
simple than i3 the case nere, as wc there have relatively unmetamorphosed
sediments - shales and sandstones - resting on the basement surfaces. In the
Mauken-Andsfjell region all the immediately overlying sediments are more
strongly tectonized and recrystallized.

In a66irion, me Zr2NQ6iQlicic 2n6 2inpnirx)licic roc!is wnick abur 2Z2inBt rke
lner2'Be6irnenrB 6iBpi2x Bpeci2i recronic an6ineramorpkic ckaracteliBticB. I^ke

Zrancxiiorire i8rralnkorrne^ inro Brrealcv an6dan6e6 ZneiBBeB. InBtea6 oi ampki
b«lireB Zer Zreen sckiBtB in Korndlen6e i 8unBtadle an6ckiorire 18
rke prev2ilinZ mineral. 'lke juncriun, rkuB aiBo Bvrnboli2eB 2 Bk2lv brealc in rke
lnerainarpkic tacieB.

The following can be said regarding the structural relationships at the junc
tion. Neglecting an area extremely close to the junction plane, there is a distinct
angular disconformity between the foliation in the basement and rkac in the
overivinZ BcklBtB. Whilst the former has a NW-SE strike with a steep dip,
the Bcki3tB have an L-^ or WSW-ENE Btlilce with 2 moderate northerly dip.
The ioiiarion in rke BckiBrs coinci6eB xvirk the Be6irnenrarv lavering. A special
feature with this discordance is that the foliation of the schists also abuts

against the junction plane at an acute angle. A schematic picture of this is
shown in Fig. 8.
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I'kiB feature is shown in a general
way on the 1 : 100,000 rnap, in the
divergent directions of the foliation
in the lauken amphibolite and the
meta-sediments along the N side of
Takelvdalen (around 15, 19.). In the
immediate vicinity of the junction
plane, however, the foliations of botn
the basement and of the schists are
parallel to the plane. These relation
ships will be further explained by
reference to some more detailed ob-
BesvationB.

N

1

Basement rock

Fig. 8. Bckem2tic slcetck of relations at
the junction between the basement and

the overlying meta-sediments.

The contact between the granodiorite and the overlying meta-sediments
The junction is exposed in a road cutting by the N side of Andsvatn, about

midway along the lake (5.5, 4.3). The plane of contacc nere trends northwards
at about 160° with about 40° W dip. Within the immediate 5 m or 80 of the
contact the foliation of bork the biotite schists and the granodiorite is in full
conformity with the junction plane. West of the contact the mica schist gradu
ally modifies its trend across about 50 m, until it has a stable strike of about
20°, with a dip of about 25° towards tke NW. In this transition belt the
schist has many small folds with nearly horizontal axes trending at 160°. East
wards from the contact the trend of the granodiorite foliation changes gradu
ally through some 10 m to a strike of 170°, and a dip of 70° W. The sketch
map and profile in Fig. 9 shows this. The granodiorite near the junction is
strongly foliated.

'lke junccion near rke extern ourler ok (7.0, 4.1) i8Been in tke
roa6currinZ, kere, in a 10-15 m kiZK expoBure ok Zrano6iolire overlain by a
couple uk merreB ok biorite 3ckiBt (kig. 10).

ciiBcvlc!ance can be obBerve6 ar rkiB poinr becauBe rke expoBure onlv
embrace3 rke concor6anr be6B in rke vicinicy ok tke concacr. 'lke juncrion plane,
near rke rop ot rke currinZ, KaB a moderate 6ip. 'lke Zrano6iolire expoBe<i kere
leveal3 a ver^ kine picrure ot tke recroniTation Buttere6 by rkiB roclc near rke
conracr. «ere, rke Zranodiorire a82 KaB 2 ban6e6 ckaracrer contormable

ro rke junction plane, but krom rke borrorn ok ckiB ZneiBB layer ro rke rop,
acljacenr ro rke zckiBt, Beveral rextural valiantB reveal rke Zra6ual evolurion

ok rke myloniri^arion ok rke roclc. rke koor ok rke expoBule 13 a rype ok
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granodiorite not differing
particularly from the massive
types described previously,
in which the dark minerals

produce a foliation whilst no
real cataclasis is developed.
Above rnis is a distinctly
cataclastic, foliated rock, in
the lower part with a coarse
streaky texture in which the
foliation is picked out by
mica-covered shear planes
rnac do not occur more

tiZnri^ rnan to pro^uce a
drecciose rexruie in the rock.

Higher up, the shear planes
are closer together and be
come more plllaliei to eacn
other. The rock splits eaBily
along these planes. At the
rop is a lneZ2Bcopicallx ho
mogeneous, fine grained,
light grey, strongly foliated
gneiss. Under the microscope
rkiB is seen to have the
mineral assemblage of the
massive granodiorites. Acid

N 160

40 Granitic gneiss

d

Fig. 9. Plan a) and profile b)
of the contact near Andsvatn.

plagioclase is the dominant feldspar, with microcline less common, and only
very small amounrß of 6arlc mineral, The mineral show a very well defined
mortar 3rrucrnre. The feldspars, with a grain size of 0.2 - 0.5 mm, are scattered
in a fine grained groundmass. The vast majority of these phenocrysts display
cataclastic effects. They are broken up, often into separate pieces, and the twin
lamellae are often bent (Pl. II b). The diotire Bcnißt overivinZ the Znein is 2

highly crushed, compact rock, rich in quartz lenßeß (specs. 547, 812 and 2263).
Storhaug, near the confluence of Målselva and Barduelva (13.5, 3.5), is an

isolated hill, nirn a gmoorn siope in the S, dur ending r0n2168 the N in a
steep, terl2ce6 cliff going down to the drift covered valley floor about 200 m
deio^. The junccion plane ließ in 2 nearly horizontal position in the summit
of this hill. Immediately above the plane is a dark, heavily tectonized phyllitic

Mica schists .(fz Granitic gneiss
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Fig. 10. Mylonitic gneiss
and overlying mica schists

near Andsvatn.

schist, cut throughout by numerous glide planes and crumbling easily when
hammered. Below this are horizontal layers of mylonitized granodioritic gneis
ses identical with those at the last locality described. At the loar of the cliff
is the exposure of migmatitic granodiorite mentioned earlier (p. 188), appar
ently showing no trace of the thrusting movements near the summit.

The contact between the amphibolite and the overlying meta
sediments - and their relationships to the green schist

Venveen the amphibolite complex, as wc have rerme6 it previously, and the
overlying meta-sediments, we find some specially characteristic features along
the border in the NE from Olsborg up through Takelvdalen.

In this stretch a rather extensive belt of green schists forms the junction
zone for the amphibolite. Their thickness is only some few metres, but because
of the coinci6ence of the ropoZrapkical Burkace and rkeir 12/elinZ tkev have a



198

relatively large outcrop. Chlorite is the chief mineral and green hornblende is
unstable or is completely destroyed. Selvages ok greenish biotite can be seen
inrerZrown wirn the cniorire in a ke^v specimenß. Albite is rather common, and
epidotic minerals are übiquitous. All samples, too, contain significant amounts
of sphene, and some ore occurs in a few. Above tnig 3cnißt is a cniclcneßß of a
few metres of a quartz-bearing, chloritic biotite schist which Zoeß over to a
quartz-rich schist, which after a few metres is replace6 by 2 purely quartzitic
rock. The lowermoßr mei2-Beclimenc2lv I2verß do not 6ikker Zreaciv in cornpoßi
tion from the hornblende-free green Bcnißtß, and as the coiour of the oiorire
is fairly similar to that of the chlorite and hornblende it is very easy to
confuse these green rocks in the field.

We shall consider this feature in more detail at an exposure of the junction
that is relatively well suited for that study. This i8 beside Takelva, about 3 km
above Olsborg (13.5, 8.0). There is quite 2 good exposure beside, and in the
river. Along the short NW-SE trending stretch of river the junction zone
i3 croBBe6 over about 15 m. SW ok here the amphibolite has 2 strike of 130 -
140° and 2 dip to NE of 60 - 70°. To the NE of the junction the quartz schists
outcrop with a strike of about 80° and 2 dip of 25° ro N, >vnicn is 2 conBt2nr
2triiu6e for rne I'alcelv2 lneta-3e6ilneniB as a whole.

It Bnoul6 be menrione6 nere rkar inime6i2relv W of rniB loc2iirv rnere i8

2 Btrir) of lilneBcone within the pure (cniorice-kree) 2inpnibolire. LeBi6e the
river iniB i2ver is oniv 2 tew inerreB rnicic and ir wedges out and disappears
towards the SE, just devond the S bank of the river. The limestone is distorted,
P2iclv by bou6in2Ze, and it mu3r be 283urne6 to repreBenr 2 tectonic inclusion
of 2 limestone that occurs somewhat higher up in the sedimentary succession.

Inc circulrlBr2nceB beBi6e me juncrion 2re Bno^vn in me Bicercn (kiZ. 11).
kurrneBc ro me 8 i82 reiariveiv lN2B3ive, oniv BiiZnrlv BcniBroBe "SreenBrone"
wnicn reveaiB un<!er me iniclQBcope 2 riZntiv inrernvine6 288ernbi2Ze ok green

nornblen6e an6green cniorire (Bpec. 2292). 'lne nornblen6e i 8me rernains
ok crvBcais ok 0.2-0.3 min, are nov^ in proceBB ok an6
cnloriti22tion. 'lne nornblen6e N2B a Bomev^nac liZnrer colour man 18 normal

in me cniorire-kree ampnibolireB. Inc cniorire 13 c^uire 6eep Zreen, an6BtronZlv

pieocnroic. Ir naB bro^vniBN'violer, 2noni2iouB inrerkerence colourB. 'lne crvBr2iB
okren korrn roBetre-BN2r>e6 2ZZreZ2teB. ?e168p2l 2n6 c^uarrT korrn 2N exrrerneiv

kine Zl2ine6 ZrouncilN2BB ok crvBr2lB ok 0.02 min Bi^e, 211 ok Bno^v
BrronZlv un<lui2rinZ exrincrion.

About 5 m NE of this sample (i.e. 3 m higher in the profile) the green
schist has 2 strike of 100° with 2 dip of about 50° to N (spee. 2293). This
zarnpie conr2inß the same 288ernbi2Ze as the previous one. A few plagioclase



199

Fig. 11. Plan of the contact at the river, Takelv

grains of dimensions 0.2 - 0.3 mm are preserved among the fine-grained ground
mass, though frequently in a very fractured state.

A couple of metres above rnis Bpecimen is a small exposure in the river,
consisting of a platy, chlorite-bearing schist, which crumbles very easily and
it was impossible to obtain a specimen of it. This strikes at 90°, with a dip
of about 50° N. The schist resembles the next specimen rather than the one
described earlier.

About 2 m above i8 a greyish biotite schist with a strike of 85-90° and a
dip of about 60° to N (spee. 2295). 'lniZ BckiBr has a brownish-green biotite
as the chief 6211c mineral. InterZrowQ with tkiB biorire, bur in rnuck inkerior
amounts, is 2 green cniorire Biniil2l in 2ppear2nce to tN2t in the previous
specinienB. Itornblencie i8 not koun6. The Bckist cont2inB conBi6ei2blv more
quartz than the previous specimens. Plagioclase is present in considerable
quantity, chiefly 2 crystals of dimensions 0.2-0.5 mm. These crystals are
okren very car2ci2sric. A kew caicire 2ZZreZ2reB occur. Inere is a little ore,
bur sphene is only present in insignificant amounts. Higher up in the profile
this schist clearly Zoez over Zl26u2ilv, rkrouZn 2 kew inecreB, to 2 feldspathic
quartzite, which I named the "larver quartzite zone" on the geological map.
Whilst specimen 2293 belongs to the amphibolite complex, specimen 2295,
about 4 m higher in the profile, without any doubt belongs to the overlying
meta-sediments.
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I shall also refer to a couple of other specimens from the green schist of
Takelvdalen.

Klo. 8)0 i8an exceilenriy ko!iace6, pkviionitic Bcki3t, ckietiy ok kine Zrain

(0.0) mm), bur nitk a kew larger reiicr keipar clVBtalB (0.2-0.3 mm). Over
kalk ok tke tkin Becrion i3raseri up by a ligkt green me3k, moBtly ok ckiorire,

bur wirk Borne (10-1)^>?) BliverB ok Kornblen6e. I^e Kornblen6e KaB rke

Barne pale coiour 28 rke ckiorire an 6rkerekore 13 nor eaBllv 6i3tiliZui3kable
trom ir unril rkev are Beeri uri6er croBBe6 nicoiB.

No. 623 reveals, under the microscope, highly elongated foliated aggiegates
of biotite and chlorite. The biotite shows a brownish-green colour parallel to
its base, the chlorite is pale grass green. Some rod-like hornblendes occur. Ia
cross Becrion these prove to lie parallel to the micas. Some calcite is seen in
the rkin Becriori.

No. 614 is also a platy, fine grained green schist. Sphene crystals are for
ihe most part arranges in "stringy" parallel rows about 0.3-0.6 mm apart.
Green chlorite, as in the previous specimen, occurs in intergrown habit with
slivers ok brownish-green biotite, and måkes up a continuouB meBk in the tkin
section. Hornblende 6oeB not Beem to be present. One or nvo grains ok caicire
are 3een.

Borne more 6ata on tke mineral krom rkeBe BckiBtB mav be a6<ie6.

?laZioclase in BpecimenB 8)0 an6614 Zave, by tke immelBion mecko6, an
anortkire content ok ) or leB3. 'lke anortkite contenc i8tkuz conBi6erablv

loxver tkan tkat in tke kel6Bpar ok tke ampkiboiite Ka612-1) A

Ike plaZiocla3e in tke BckiBtB (229)) aiBo Ka3an anorrkice content ok leB3
tkan )

Kornblen6e 1065 ot Bpecimen 62) Zave rke tolio^vinZ 6ata 1.67 an6

-v/c — 22 - 23°. 7 — « — 0.02 - 0.02). It 13 kiZkiv pieockroic. OeBpite it Bkape
it rkeretore proveB to be a green Kornblen6e anci nor actinoiite.

I?ke rekractive in6ex ok rke ckiorice 6etermine6 in rke green sckiBtB

(Bpecimen3 614, 623 an68)0) to 1.62), in Bpecimen 2292 to 1.6). 7ke ckiorire
i86iBtinctlv biretringent, bur tke optical ckaracren are 6ikkiculc to 6etermine
in tke verv Bmall klake3. 'lke rekractive in6ex placeB it mi6nav benveen iron

kree an6iron-bearing ckiorite componentB.

doncerning rke biotire tkat occurB in tke green BckistB an<l in tke overlying

BckiBt (Bpec. 229)) ic mav be Bai6 tkat tke bro^n^k-green coiour 6istinguiBkeB
ic krom tke pure brown biorire >vkick, among ekewkere, occulB in tke ampki
boiite.
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tlonever, rkere i8no BiZnikic2nr 6ikkerence in rke rekl2crive in6exes ok tke

nyo rvpe3 ok biorire. Lork tke Zieenizk biorire (Bpec. 2295) 2n6 rke brann
biorire in tke 2rnpkibolire Bpeciinen 2446 b(p. 179) nave "^ 1.64.

The meta-sediments (2295) immediately overlying the green schists in rkiB
prokile, conrain 3iZnikic2nr 2mounrB of albice, as neii as biorice and chlorite,
of the same types as in the green schists. The quartzites of the "lower quartzite
-one", which kollov^, are also frequently feldspathic and in my opinion
represent original arkosic rocks. It is natural to assume that specimen 2295
repre3enrB a basal greywacke overlying the amphibolite. This will best explain
its transitional character between the green schists and the overlying meta
sediments. It may be thought, too, that the green schists, proper, contain some
very little 2irere6 6ebriB from the 2inpnibolire Burk2ce, bur, orner^viBe it
seems very feasible to assume that the green BcniBrB repreBenr 2 part of the
amphibolite that has been made schistose by Caledonian tectonism. A chemical
analysis ok one of the green schists, specimen 850, is given in Table 2, p. 181,
no. VI. Its composition differs very little from that of the massive amphi
bolite, though the content of A12O3 proves to be somewhat higher rn2n in the
latter, and K2O somewhat lov/er. It is significant that the calcium content is
conBi6er2blv larver, bur orner^iBe the 6ikkerences from the 2inpkibolireB are 80
small rk2t the analysis indicates that no weathering ok the amphibolite has
tåken place - 23 would be expected if ir referred to a clastic sediment. On the
contrary, the analysis supports the theory that the green BckiBtB repleBenc a
loner memrnorpkic k2cieB ot the 2inpkibolire, perk2pB xvkere a cermiri 6eZree
of lnet2BolN2riBni has been ekkecrive (the H2O concenr of the BckiBt i8 80 muck

higher than in rke amphibolites that rkiB must be tåken inro 2ccounr in 2 more
detailed consideration of the values of the analyses).

A profile NE-SW from Takelvdalen up towards Humpen (15.0, 6.4). some
wk2t turrker S than the last observations, shows the following features. Beside
the farm, Skogvang, furthest in the NE is green schist with 2 strike of 90°
and a dip of 25° N. In rke Biope above, the green schist has 2 strike ok 110°
with 20-25° N dip. At 2 height over rke valley floor ok 200 m the greeri
schist strike K2B swung to 130°, with 2 dip to N of about 30°. Further up the
slope the dip increases gradually through 40 to 60° and finally becomes verti
cal. Then at about 300 m over the valley floor comes the amphibolite, with
a strike of 140° and 2 verric2i 6ip. At the cont2ct the 2lnpkibolice is 2 6211c
myloniric rock Bonie merreB rkiclc.
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A profile from the slope
above Rundhaug in Målselv
dalen (20.5, 1.2) shows the

following features. Up to the
junction, at about 150 m

sc ist over the valley floor, are
Mytonite

compact, massive green
schists. The schistosity is
not always easy to identify,
bnr where ir is conspicuous
it has a strike of 120-130°,C°«r,

X °cr and a dip of 20-40° ro N.
Green schist \l3O\ 130 f

The schists are frequently
Fig. 12. Plan of the contact at Rundhaug. cut by millimetre-broad

quartz veins. These mainly
are parallei to the koiiarion ciuc aiBo brancn inro a network of veins.

The green schists, 5 - 10 m below the contact, have a strike of 110° and a

dip of 20° N. Immediately above the contact the meta-sedimentary schists are
distorted with strikes varying from 20 ro 35 and 40° and with a dip of 20°
to N. A few metres above rniB, the schists are more constant with strike 80°
and dip 20° N. Fig. 12 shows all this.

The sedimentary rocks immediately above the green schists are very tecto
ni^e6 Bericire-cnlolire BcniBtB (r^nvllire). It seems very likely that these could
represenc a meralNolpnoBe6 variant of the Bkalez from the I^voilrkus 2one, as
ir is »een in Dividalen.

Discussion and Conclusions

The term amphibolite group is used to describe the pure amphibolites, their
srrealcy nori2oNB of v2lvinZ colnpoBirion, and the sulnexvnar thicker layers of
quartz diorite or leucodacite.

The pure amphibolite conzisrs mostly ok green nornblen6e. It has no pyrox
ene or chlorite. The plagioclase has about 15 % An. Lpi6ore and 2oiBire occur
only in small amounts. Both the petrography and rne chemical cornpoBirion
BuZZeBr rn2t cne rock is 2n airereli ekkuBive of l)2Balric cn2l2crer. IrB conirx)Bi

rion is P2rcicui2llv cloBe to cert2in 2veraZe 2nalvBeB of pi2re2u b2821t5 in6icare6
in the literature. Assumed relict variolitic BtluccuteB are or>Belve6, r>uc the rock

is orner^vise 80 completely recrystallized that traces of primary structures are
inoBclv 6eBcrove6. No ex2nir,leB ok pillo^v scruccures have keen observed.

Lven rnouZn evervrkinZ pointß ro rke rock beinZ 2n ekkusive, me possibilicv
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ol its repreßenrinZ a ki^klv meramorpkoße6 and cectoniße6 pluconic rocic can
nor be re)ecce6. lAe Bkape oi tke outcrop, lor example, allowß rkis poßsibilitv.
I skall, ko^vever, 6ißcußß rkiß roclc in tke baßiß oi itß beinZ an eiinßive.

The light, streaky horizons in the amphibolite are distinguished from this
by håving lirrle or no kornblencle. In Bome oi them biotite is the chief mineral,
in others muscovite and zoisite are most important. Muscovite and hornblende
do not occur toZetker.

A similar streaky banding in amphibolites is not an unusual occurrence,
and several examples are described from the Caledonian nappes. Foslie (1941,
p. 64) refers to rocks from Tysfjord, Nordland, which, according to the mine
ral assemblages he reports, seem identical with the ones here. Kulling (1955,
p. 168) gives a comprehensive account of banded amphibolites with similar
mineraioZical coirlpoBirionB, from Vatersotten in Sweden, and has a photo
graph which could eaBil^ be from Mauken. I have observed a similar structure
in an ampnibaiire at Mosjøen, Nordland. The rkree interprerarionB for tkis
banding ckar Beem particulariv appropriace are rnac rnev derive from:

1. an airernarion oi ruiiiric niarerial an6lava ilo^vB,

2. cierrial se6inientar^ material 6erioBited in airernation lava or mii,
3. meramorpnic 6iiierenriarion.

Kulling, somewhat tentatively, considered the last ro be most likely. Foslie
also reacbed no definite conclusion, allowing the possibilities of tuffitic or
detrital sedimentation to remain open. Strand (Foslie and Strand, 1956) de
scribes banded greenstones from the Namsen area, in Trøndelag, in which
he believes the banding to be due co metamorphic differentiation, whilst from
Helgeland, Nordland (1958), he 6eBcribeB banded green scnlBt3 which he
ascribes to an alternating development of volcanic and sedimentary material.

In tne pre3enc caBe I kind it mo3t probable tnar rke bandB derive krom
ruiiiric 6epoBirs alrernarinZ >virk lava ilowB. 'lke komoZeneou3 composicion
oi rke ampkiboliceB, indicared b^ rke ckemical analvse3, 3uZZes^s rke improba
bilirv oi anv siZniiicanr meramorpkic diilerenriarion. I^or doeB tke compoBi
rion oi rke liZkt 8tleal« poinc clirecrlv co 2 Be6imencalv oriZin.

I al3o iind ic l>eaBonable co interpret tke verv iine Zrained c^uarr^ dioritic
lavel3 in tke ampkibolite a5rnliireB, even rkouZK eke cexture oi eke roclc Ziveg
no real cau3e ior rkiB. I^iev bear 2 cerrain meZaBcopic Bimilaricv co rke
kjell 2plireB, bm 6iiier mineraloZicallv.

Ikree analvBeB oi pure ampkibolice, calcen irom 2 tl2NBvelBe proiile, are
2V2ii2ble. 'lke 2na,lvBeB aZree cloBelv witk e2ck orker, 'lkev 2ie UBed ior com
paring rke ampkiboiices niet2NiorpkoBe6 baBic eiiuBiveB irom eke ?re-
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cambrian of Norwegian, Swedish and Finnish Lappland. The few analyses
available from the Lappland Precambrian show a noticeable - in one case
striking - similarity to the Mauken amphibolites. The Mauken amphibolites
seem to have a clearly different composition from the Caledonian metabasalts
in Birtavarre, N Norway.

Green schists — Near their junction against the overlying meta-sediments,
the 2inpki!x)lireB Ao over inro a reiarivei^ ckin zone of ckiorire-bearinZ BcklBtB
containing only a little hornblende, if any. An analysis of these green Bcki3cB
BkowB tkac tkey have a very Bimilar compoBition to the 2inpkiboiireB. I beiieve
it most reasonable to consider these green BckiBtB as a border kacieB ok the
amphibolites, which have undergone retrograde metamorphism during the
Caledonian thrust movements. On the other hand the green schists seem to be
connecre6, by a degree ot transition, to the overlying meta-sediments of
assumed Eocambrian-Silurian age. The reason for rkiB is not kully clear. It is also
possible that the green BckiBrB parriv repreBenc 2 thin bed of altered debris
(a basal greywacke) rkar has overgin, the Precambrian 2lnpkir>olire Bnrkace.

The granodiorite forms the nexr largest unit in the area. According to its
tel6Bp2l conrenc ir V2ries from Zl2lio6ioriric to Zl2liiric. Most ok ir seems to
have a Zl2no<lioliric colNPoBirion, and ir is rk2t coiiecrive term rk2t is used on
the map and in the texc. The chief variant of these rocks is medium to fine
grained, bur aplites and pegmatites also occur. I believe the granodiorite has
been formed by 2 granitization process, for which - in the present area - the
lauken alnpkiboliteB 2rip2lenrlv repleBent the host rock. The granitisation
seems to have tåken place during a diapiric uplift movement.

The Zl2no6iolire is distinctly intrusive in its relation to the amphibolites.
Breccia structure is, however, also seen at several points along the junctions,
thus showing that movements must have tåken pi2ce at a relatively late stage
in the granitisation. However, a few of the bodies, intrusive into the amphi
bolite, are little affected by cataclasis, thus indicating that these are of some
what younger date.

The co«H/i'c>»/ <?/o«F the junctions be/^sew the basement and the overlying
meta-sediments — The scki3c3 above rke baBeinenc lie xvirk a distinct angular
disconformity on bork the granodiorite and the amphibolite. They show, further
more, not only disconformity towards the foliation of the amphibolite and
granodiorite, bur also towards the intermediate junction plane. Only beside
the conracr, itBelk, have bork the baHerrienr and the BckiBrB 2 koli2tion rkar is
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expecre6 'lvirnin me overlyinZ Be6irnen:s, bur rkeBe 60 nor Beern ro occur;

It seems possible that the massif has been uplikre6 in tlale^oniali times,
after the overlying meta-sediments had assumed their present position, or
3imulraneouB v^irn rnar. A tairlv gentle bulZinZ-up of the Burkace is a preker
able mechanism to an uplift "en bloc". Gustavson (1963) 288urne8 Bucn a
possibility for the basement windows in Dividalen. The many vertical minor
faults, and not least the very steep shear planes of the amphibolite, make such
an interpretarion probabie. d2cacl2Bric rikenomena are a normal occurrence in

the otherwise massive amphibolite, and indicate that shearing took place not
only during the formation of the hornblende, bur also continued afterwards.
The existing parallelism between the structural trends of the basement and

the overlying BcniBtB, just beBi6e the cunracr, niu3t be inrerprere6 as being
derived from thrust movements across an extremely uneven surface. But this
conkormirv rnav 2130 be due to 2 pressure from below, brought about by an
uplifting massif, after the schists had been ernpl2ce6 above. However, in rnis
case we should expect to find extensive chloritisation of the hornblende in
the central part ok the massif, something which 6oeB not in k2cr occur. I >vill.
therefore, refrain from taking up any definite standpoint in this c^ueztion.
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conformable to the junction plane. All the surrounding rocks near the junc
tion are more or less cataclastic, mylonitised and schistose. The junction must
rkerekore be con3i6ere6 as a tectonic thrust plane. The overlying meta-sediments
clearly consist of Caledonian nappes, though remains of par-autochthonous
Cambrian (and Eocambrian?) sediments are also present. The rocks in the im
mediate vicinity of the junction have been imprinted with a coincidental
foliation.

It should, however, be noted that, whilst the NW-SE structural trend of
rhe basement is discordant to the WSW-ENE strike of the overlying schists,
rkiB first direction is nevertheless a well-known structural feature within the

Caledonian nappes (the "cwB3 kol6inZ"). This is especially apparent in the
nappes which make up the greater part of the map-sheets "Målselv" and
"Tromsø", where there are synform and antiform systems of very Bimilar Bcale
to what we have in the Mauken area. Any PoBBible connecrion ber>veen rkeBe
'«vill not be 6iBcuBse6 in the present paper.

The structure of the basement — The Mauken amphibolite complex has a
steep NW-SE foliation in its central part, and has 2 dip to NE in its eastern
limb and ane to SW in its western limb. It is therefore natural ro consider
rke structure 28 an isodinal antiform with 2 very steep axial plane. On the
orker hand, the unikormitv in perroZl2pky and Brruccure rkac the rock Bko^v3
along 2 transverse profile, gives no direct support for such an assumption.
As an alternative the ampkibolire coinplex coul6 perkaps repre3enc one very
steep limb ok 2 large fold whose original shape ir is impossible ro reconstruct.
In the latter case the basaltic layer has had a thickness ok a least 3000 m, in
the former, at least half that. The research carried out has not produceci any
more information supporting or contradicting either of these alternatives.

The amphibolite complex forms 2 ridge-shaped area, the granodiorite of
Andsfjell, with its rather dome-like appearance, terminating this ridge in the
NW. The Precambrian surface, here, reaches at least 500 m kigker rk2N it
does in the surrounding region. The sides of this Precambrian massif mostly
slope quite steeply (30-50°). The <^ue3rion rken 2ri3e3 whether rkeBe Pre
cambrian outcrops have been monadnocks on the Precambrian peneplane, or
whether they have assumed their present position during later movements.
Against the monadnock theory may be noted, among others, the following
P01Nt8:

1. rke mounr2in 316e8 k2ve been relarively 3teep an6eke mount2in3 rarker

bigk to k2ve belonge6 to 2 penepl2ne;

2. witk 3uck steep mount2in 310pe3, cr2ceB ok coarBe 6ebliB (r2lu3) coul6 be
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Stratigraphical consequences of the discovery of Silurian
fossils on Magerøy, the island of North Cape

By
Sven Føyn.

Abstract

Crinoid stems were discovered east of Nordvågen (east of Honningsvåg)
on Magerøy in 1959. In 1960 an additional find of fossils proved a Silurian
age for the limestone and conglomerate beds there. Two yeals later the auckor
found crinoid stems in similar rocks at 3ar6ne3 (west of Honningsvåg). In
tni>s paper the author elucidates the present state of the age problem as regards
the sedimentation of (later metamorphosed) rocks in the central area of
Magerøy, e3peciall^ the tillite-like conZlornerace at Duliskior6. A 3ilurian age
for this rock is, with the present state of knowledge, a more reasonable one
lliari the Tocamkrian wnicn v/a5 korrnerl^ r)leBulne6. The alteration of the
vie^v of the age irnplies rnar the Zlacial ori^in is now to be controverted.

The existence of the fossils proves that the intrusions of gabbro on Magerøy
are not older rkan 3ilm-ian age.

An unpublished report with a map prepared by Mr. J. J. C. Geul in 1958,
has been the basis for the planning of the excursions and a guide in the field.
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Introduction

By the middle of the kst century the geology of Magerøy was fairiy well
known, taking into consideration the general knowledge of the geology of
Norway. Gcea Norvegica contains a description and a map (Keilhau 1850, p. 255
and 270, and Pl- V. Fig. 1), compiled on the basis of investigations by L. v.
Buch (1810), R. Everest (1829) and Keilhau himself. During tke next hundred
yeals, contributions to the geological literature on Magerøy seem to be con
fined to only two papers, based on short visits by Reusch (1924) and O. Holte
dahl (1944).

Holtedahl in particular 6escrideB the occurrence of a rillice-like conZio
merate at vukskjol^ in the nortk-eagtern part of the isian6. The conZiomerate
Bno^B no stratification. It is met2MolpnoBe6, the kabric of the inatrix beinZ
cly3tallobi23tic, bur 2imoBt no BcniBtoBicy appeal, The rock kraZmenc3 are MoBtly
2.nZular, conBiBtinZ in the rnain ok kine-Zl2ine6 limeBtone or 6olomitic lime
3tone, but Holtedahl also reports the presence of quartzite among the frag
rnents. The tillite-like conglomerate reBtB on a series of garnet-bearing mica
schists, quartzites, bedded conglomerates and crystalline carbonate rocks (lime
l.roneB and 6olornireB).

The thought naturally suggested itself that the tillite-like conglomerate
might be a matamorphosed equivalent of one of the Eocambrian tillites of
Finnmark. Consequendy, the adjoining rocks also had to be looked upon as
parts of the latest Precambrian and Eocambrian sedimentary suite of Finnmark.
The term Eocambrian is, in this paper, applied in the "restricted" BenBe, viz.
from the time starting with the deposition ok the larver tillite in Finnmark.
When I visited the locality in 1957, 1958 and 1959, I fully agreed with this
view of Holtedahl.

In the 80utk^28teln part ok Magerøy the inerarnorpkiBni is of a lower
gråde, the argillites being phyllites and not mica schists. On the geological
map of Norway ok 1953 (Holtedahl and Dons), these rocks were 6esiZnate6
as probably precaniblian, ba3e6 on a lirkoioZical Bimii2riry to a part of the
Raipas suite in the Alta district.

The mapping in 1958 by J. J. C. Geul

In 1958 J. J. C Geul, a Dutch post-graduate student who wished to work
in rke Caledonides for a time, was employed by Norges Geologiske Undersø
kelse (Geological Survey of Norway) for the summer season. The director
of the 3urvey gave kini the r23lc of inveßtiZ2tinZ rke inrer«rinZ, 6ikketenti2re6
gabbro complex near to Honningsvåg on Magerøy, and of N2t)pinZ the sur
roundings, including the sedimentary rocks of the Duksfjord area and the
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Fig. 1.
Geological map of south-eastern Magerøy by J. J. C. Geul.

[VvX| Gabbro complex

17X7L71 Granitoid rocks

A*A*J>J lilllte l!!ce eonglome,-»»»

Qu«rtl!»«

Carbonate rocks

scni,«s with conglomerate
of carbonate rocks

//.Gr 2>-«ni«« dike

* , > Dip and strike of foliation,
<^ / <^ bedding, cleavage

\^\ \//\ 4xll of «feline, ,nl!c!in«
VA Sy** with plunge

s%? „*" f,u!t.

g ' Boondary between garnet
.— ' b zone (W) and biotite zone

Contacts, observed & lnfess^l

Roads



211

North Cape plateau. Geul's report represents a very valuable contribution to
the knowledge ok the geology of the eastern part of Magerøy. An abstract of
the report and a simplified map were published in the Guide to excursion

no. A 3, International Geological Congress, Norden 1960 (Reitan 1960, pp.
55-57 and Fig. 12). The abstract mainly gives a review of the petrology of
four types of gabbro and of the more important sedimentary rocks. The map,
Fig. 1 in this paper, has been reproduced after that in the Guide-book. Note
that hornfelses, with more or less sedimentary relics, are included in the
"Gabbro complex". To the abstract in the Guide-book some important conclu
sions from Geul's report concerning the age problems are added here:
1. The sedimentary rocks of the south-eastern part of Magerøy differ only

in the degree of metamorphism from those of the central part and the
Duksfjord area. Accepting an Eocambrian age for the Duksfjord "tillite",
he thus dismissed 2 Precambrian (Raipas) age kor the south-eastern sedi-
mentary rocks.

2. lne intluBionB ok eke Zabbro ekkecre6 a conracc rnetamorpniBin ok eke
aHacent roclcs.

3. The gabbro shows no signs of intense shearing. Most probably the intru
sions belong to a late phase ok the Caledonian orogeny.

Further, GeuPs map and report show that intraformational conglomerates
and carbonate rocks occur east of Nordvågen and are common in the area
between Duksfjord and Sardnes (which is a locality at the south-western
corner of the rnap Fig. 1 - cke nåme Sardnes is omitted).

When, in 1958, I accompanied Mr. Geul in the field for 2 couple of days,
he especially called my attention ro this similarity between conglomerates east
ok Nordvågen and at Sardnes, both containing pebbles mainly ok limestone
or 6ololnite, and håving a carbonate-rich matrix.

The discovery of the fossils
In 1959, tiolreclanl, seiran ane! I viBire6 in coninecrion wick eke

planninZ ok eke international excurzion no. 3ok 1960. I^sinZ (^ul's map
alonZ eke Bnore ro eke ok eke Nyo conZlornerare localirieB

east ok Kol6vaZeu. In an irnpure lirnegtone cloze ro eke canZlonierare v^e
6iHcovere6 crinoi6 BternB (Bee <3ui6e to excurBion no. 3, 1960, p. 57, an<i
srran6 1960, p. 165).

In 1960, G. Henningsmæn and F. Nicolaisen collected more crinoid stems
from the limestone bed, and also from limestone pebbles in the conglomerate.
In addkion they found 2 few poorly preserved, straight monograptids in a
BN2le 312b. During the Congress excunion cke same year one of the excursion



212

Fig. 2. Sketch map of the coast of Magerøy between Nordvågen and Kjelvik, drawn
from air photos. 207, 97, 279, 307 are heights in metres above sea-level. The thin line
indicates the edge of the plateau. The figures of strike and dip are based on the 400°
scale. a: fine-grained, grey coloured arenaceous beds of 20 - 30 cm thickness and dark
banded argillites. b: thin-splitting black rusty pnyllite. c: 6arlc Zrey siateB. d: limestone
and conglomerate with crinoid stems and sandstone. e: dark grey slates. f: limestone and
Iliny 82nc^8tone5 nitk tc>BBiiB. kurrner to the east: I^lainly 6ark Zrey BlateB with inter
calations of arenaceous beds.

Kartskisse over kysten av Magerøy mellom Nordvågen og Kjelvik, tegnet etter flyfoto
grafi. 201 , 97. 297, 307 angir høyde over havet i meter. Den tynne linjen antyder
randen av platået. Strøk og fall er oppgitt i grader basert på kompass med 400° innde
ling, a: finkornete, grå, 20 - 30 cm tykke sandsteinslag i veksling med mørke leirsteins
bergarter. b: tynnspaltende mørk fyllitt med rustbelegg. c: mørke grå skifre. d: kalkstein
og konglomerat med enkrinitt-stilker (sjøliljestilker) og sandstein, e: mørke grå skifre.
f: kalkstein og kalkholdig sandstein med fossiler. Videre østover: hovedsakelig mørke
grå skifre med innleiringer av sandige lag.

members, Dr. John Rodgers, found at the eastem locality (se maps Fig. 1
and 2), chain corals, crinoid stems and pentamerids, without doubt of Silurian
age (Henningsmoen, 1961). The discovery of this fauna implies that the other
sedimentary rocks east of Nordvågen most probably also have to be ascribed
to the Silurian period. Moreover, it måkes it necessary to reconsider the age
problem of the rocks in the central part of Magerøy, among them the Duksfjord
tillite. As mentioned above, in Geul's opinion the rocks east of Nordvågen and
those of the Duksfjord-Sardnes area are stratigraphically related.
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Fig 3. The "first" fossil locality east of Nordvågen (d on the map Fig. 2).
Text see p. 214.

Den vestlige av de to fosillokalitetene øst for Nordvågen (d på fig. 2). Fra venstre mot
høyre: Mørk grå leirsteinsbergart med tynne lag av lys sandstein, 2 m kalkstein, 3 m
sandstein med konglomeratbånd. 10-15 m grovt konglomerat med linser av sandstein.
Lagstillingen er invertert (overkippet), oppad i lagrekken er mot høyre.

In order to try to contribute to the solving of this problem, I visiret Magerøy
for a few days in 1962 and 1966. In addition to investigations at the two fossil
localities east of Nordvågen (where more fossils were collected) and a recon
naissance trip along the shore to Kjelvik (about 3 kilometres further to the
east), I went (by boar) to Sardnes and also traversed from Sardnes to the
"North Cape-road".

The fossil localities east of Nordvågen

The main kea.rures of the ZeoloS/ along the shore east of Nordvågen appear
in Fig. 2. All the beds have apparently about the same strike, N 25° E (based
on 400° compass) near to Nordvågen, somewhat more easterly further to the
east. The dip is towards the NW, about 80° (vertical — 100°) near to Nord
vågen, decreasing a little eastwards along the coast. It is difficult to decide
whether or not there is any repetition of beds in the section, although the
presence of nearly isoclinal folding must be considered possible or perhaps
very probable.



214

Fig. 4. Conglomerate ar the "first" fossil locality east of Nordvågen (d on the map
Fig. 2). The beds are inverted.

Konglomerat i den vestlige av de to fossillokalitetene øst for Nordvågen. Lagene er
invertert.

The western (in rkis paper called the "first") fossil locality is situated about
1300 metres east of the populous area of Nordvågen. Details of this locality
(d on the map) are seen on the photograhp Fig. 3. From the lekc (west) the
sequence is:
1. Dark grey argillite with thin beds of light coloured sandstone.
2. 2 m limestone.

3. 3 m sandstone with conglomerate bands.
4. 10- 15 m c0215e conglomerate with lenses of sandstone.
5. (Omside the photo) 10 m sandstone.
6. ( " " ) Dark grey argillite.

Apparently there is a slight unconformity between 1 and 2. Judging from
the tectonic picture of the locality as a whole, I believe that this apparent
unconformity is of tectonic, and not of stratigraphical, origin.

The limestone, sandstones and conglomerates are usually light grey in
colour, with a yellowish coating. The conglomerate contains pebbles consisting
mostly of limestone, but aJso of sandstone. Sedimentary structures indicate that
the sequence youngs to the right (see Fig. 4). This view is supported by the
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1 cm

Fig. 5. Crinoid stems from the "second" fossil locality east of Nordvågen (f on the map
Fig. 2). Pal. Mus., Oslo 74649 and 74651. Photo: I. Aamo.
Enkrinitt-stilker (sjøliljestilker) fra den østlige fossillokaliteten.

fact that crinoid stems are found not only in the limestone, but aiso in pebbles
of the conglomerate. The beds are thus inverted here. The pebbles have, during
the metamolpnic processes, generally been somewhat elongated. The bedding
planes show a lineation, which plunges 70° to the NNE.

The "second" fossil locality on the map is situated about 350 metres east
of the "first". The dark argillites (with sandy beds) gråde into a 4 metres
thick, bluish-grey, somewhat sheared limestone which contains fragments of
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Fig 6. Chain coral (Catenipora?) from the "second" fossil locality east of Nordvågen
(f on the map Fig. 2). Pal. Mus., Oslo 74648. Photos: I. Aamo.

Kjedekorall fra den østlige fossillokaliteten.

crinoid stems and a rugose coral. Then comes (eastwards) a ridge of light
yellowish sandstone, 6 metres thick. 'lkiz rock is partly a limy sandstone or
sandy limestone, in which most of the fossil specimens were found (crinoid
stems, pentamerids and corals). About 10 metres further to the east, at the
shore line, another "body" of fossiliferous limy sandstone or sandy limestone
i8 3een. It is separated from the above-described band by dark argillites.

The fossil-bearing rocks zeein to be entirely recrystallized. The fossil frag
ments consist of calcite grains, while the groundmass contains, in addition to
calcite, quartz and a mineral which is probably dolomite.

Figs. 5 - 7 show examples of the collected fossiles.
The existence of a pentamerus species måkes an Upper Llandoverian age

kor cne Be6imenc moBr lilcel^.

The two fossil bearing bodies at the "second" locality are found only near
to the shore line, no northward continuation on the mountain slope could be
found. Signs ok strong tectonic movements are present (joiets, quartz lenses
and quartz veins). In my opinion, the two bodies are probably parts of one
bed. A connection may exist offshore, or the original bed may have been split
during the deformation into rods or lenses with a steep orientation, correspond
ing to a BuppoBe6 north-eastern plunge of the fold axez.
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Fig. 7. Pentamerus (?) from the "second" fossil locality east of Nordvågen (f on the
map Fig. 2). Pal. Mus., Oslo 74650. Photo: I. Aamo.
Pentamerus (?) fra den østlige fossillokaliteten.

The converZence of the be6z of the rwo fossil localiiieB as drawn by Geul
(see map Fig. 1) and indicating an anticline, is not in accordance with my
view. The absence of known continuity between the fossil-bearing deposits
of the two localities, does not exclude the possibility that they belong to one
kori^on. Nor 6oeB the abBence of conZiomerate at the secon6 locaiicy, as wc
know from other parts of the island that beds of conglomerate may vaiy con
siderably in thickness, swelling into lenses and then diminishing and even
disappearing.

The area between Sardnes and Duksfjord

As alrea6/ mentioned, Geul in 1958 Bko^e6 me occurrenceB of a conZlo
merate at Sardnes very similar to that at the "first" koBsll-dealinZ locaiicy
east of Nordvågen. According to GeuTs map, the Sardnes area is the Bomnern
part of a large Bynclinorinm '«vnicn exwn<i3 ro^ards the Ks^k to 2 fauk Biruare6
south of Oulc3kiol6. The Bynclinal form west of Onl(8kiol6, ok xvkick the tillite
like conZiomerare is an integral (upper) parr, is apparenriy 2 parailei 8/nciino
rium. At the inner part of Duksfjord, anticlinal Bcructules Beem to 6ominare.
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In the lower parts of the hillsides at Sardnes the rocks are of almost the

same metamorphic gråde as the rocks east of Nordvågen (e.g. phyllites). On
the plateau, west of cke line drawn by Geul on the map (Fig. 1), the rocks
are of a higher metamorphic gråde (garnet- and hornblende-bearing mica
schists).

East of the outer part of the bay at Sardnes the beds have a moderate dip
towards the NW. Lowermost there are grey sandstones with dark argiliaceous
bands, then (westwards) black, rusty, fissiie phyllites. These two members
have 2 general appearance very like that of the members a and b of the section
east of Nordvågen.

Lying above the phyllite horizon, north of the bay and above the scree,
these beds are found: 4 m bluish limestone, 0,5 m light coloured sandstone and
(uppermost) 15 to 20 m limestone conglomerate (yellowish on the surface).
Because of the soil and vegetation on the conglomerate bed, it was not possible
to ooserve its upper oounciarv.

Ike lilileBtone appeare6 ro cuncain smaU lraZmenrg ot ckin crinoi6 Brem3.
I"ne preBervation ot tne koBBiiB i8poorer tnan ar me localirie3 eaBt ok !^ol6

vaZen. LecauBe ok eke crvBraUinirv 2ri6 3cniBtositv ok eke rock, ckev nere 3een
onlv on wearnere6 roclc BurlaceB. eke koor ok eke kili Beveral boulaerB ok

limeBtone viel6 rernnantB ok crinoi6 sremB - nkick I 2180 kounci in a pebdle in
eack ot mo conZlornerare boul6erB.

outcropB of cke lirnezrone band are 3een neBtnal6B for a distance of about

3 kilometres to the west side ok Sardnespollen (the innermost end ok the fjord
west of Bar<lneB, off the rnap), and at Beveral loc2iitieB I koun6 kraZniencB ok
crinoi6 BternB. The lirneBrone kori-on conrinueB kurrker up the vaiiev onro the
plateau, the strike curving gradually through north-west ro north. About 2 kilo
metreB from 3ar6neBpollen it thins out and disappears beneath the cover ok
moraine. From SardnespoHen, the limestone gradually becomes more coarse
and ZranoblaHtic, and no rraceB of koBBiis nere found. Also the adjacent argilia
ceous rock shows traits of an increased degree ok metamorphism.

Over the last kilometre the dip of cke limestone band i8 about 35° towards
the east. The band thus forms an integral part of the western flank of the
large synclinorium on Geul's map (but west of the westernmost bed drawn
on the map Fig. 1).

Following the strike further towards the NNE, I observed outcrops of
conglomerate in addition to those drawn on GeuFs original map. Near to the
"North Cape roa6" cke neßrernmoßc conZlomeracez strike towards the west side
of oultßtjor6, tkuß BugZeßtinZ tkar the Oul«t)or6 Bvncline may be an integral
part of the large synclinorium. Time did not allow me to continue my field
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trip north of the road, and therefore the significance of the fauk drawn by
(-eul v/irk reg2l6 to the general geology betv/een the roa6 and OulcshorH is
not known. At the present time it is, therefore, safer to regard the Duksfjord
syncline 28 a fold parallel to the large synclinorium.

Garnet-bearing mica BckiBtB are tke most common type of rock in the central
part of Magerøy. Between Duksfjord and Sardnes, however, bluish or white
coloure6, bare rock-faces of limeBrone conztirme a conspicuous feature of the
ian<!Bcape. Beveral ban6B Beem to be present, separated by mica schists; fossil
remains are not to be expected, as the limestones mostly have a coarse grana
blastic fabric, and in fact, all my searching in that respect was without success.

Bands of conglomerate are subordinate bur not rare. They are bedded and
contain rounded or subangular pebbles of sandstones, argillaceous rocks and
carbonate rocks, and pebbles of quartz dioritic and granitic rocks have also
been observed. Thus, their pebble content (and their appearance in general)
to some extent Nikkers from that of the conglomerates associated with the
fossil-bearing limestones at Sardnes and east of Nordvågen, wherein the pebbles
are mostly of carbonate rocks. (The conglomerate ok Store Kamøy, where the
meralnorpklBm has been of a lov/ gråde, is polymicr and ckuB unlike the latter.
Fossiliferous rocks seem to be absent.)

Discussion of the age of the tillite-like conglomerate at Duksfjord
I"ke 81tn2tion i8nov/ 28 kolloV/8:

1. The crinoid-bearing limestone and conglomerate at Sardnes is of about
the same age 28 the kossil-bearing limeBroneB east of I^or^vaZen, i.e. of
Silurian (Upper Llandoverian?) age.

2. 'lke koBBiliterouB be<iB ar 8216ne8 belonZ ro rke lov/er p2rr ot 2 BucceBBion

ot pkMireB 2n6 mica BcklBtB v/itk conglorrier2ce KorixonB, limestoneB 2n6

quart2ite3, 2 Bucce3Bion v/kick tecconic2llv torir>B 2 larZe synclinoriuln.

3. Oulczkjor^ 2norker Bmaller Bynclinal lol<l, parallel to tke large Bynclino>
rivun (perkapB an inteZl2l p2rr ot one broa^er Bynclinoriuln), 18 conipliB«l
ot mic2 BckistB, lilneBroneB, an 6conZlonier2teB. Ilie rillire-lilce
conglomerate 18 one ot tke uppermon (perkapB />be upperlixnr) be 6ot
rkiB Byncline.

4. rke exiBtence ot recuinbenr 10168 muBt be t2lcen inro conBi6el2

rion, rkere 18 no eviclence ot an inverBion on 2 grand Bc2le ot tke upper part
ot tke OuliBtjol<i Byncline an6/or rke large Bynclinoriurn.

). Locally, tkluBt3 cerrainly exiBt. Ike comrnon te2tureB ot rke Be<zuence 28 2

v/kole, kov/ever, rell 2g2inBt rke preBence ok 2ny l2lge-Bc2le rkru3ring ot
an older (Zocarnbrian?) group ot roclcB upon a younger (Bilurian).
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Holtedahl and I have discussed the age problem on the basis of the above
mentioned points. We find rkar an Eocambrian age for the tillite-like conglo
merate is now less probable than it was before the discovery ok the Silurian
fossils. The available evidence favours tke view that the tillite-like conglome

rate at Duksfjord is a younger member of the sequence than the fossil bearing
horizon at Sardnes, and therefore should be ascribed to the Silurian.

Furthermore, as the presence of a tillite of Silurian age in Norway would
be very astonishing, the revised view with regard to the age means that the
supposed glacial origin of the conglomerate is now questioned. Most likely,
the unsorted and unbedded character of the rock must be looked upon as due
to other agencies, e.g. landslides. An interpretation of the rock a8 a tectonic
breccia is hardly conceivable, kor it appears as a layer with a sedimentary
boundary with the underlying member of the sequence.

Ike BuZZe3te6 mo6e ok korrnarion ok tke conZlomerate iB, ac vreBent, oniv

ZuesBxvork. kinai Bolution ro rke prodlemB ok irB oriZin, aZe an6meramorpkic
KiBtorv woul6 de verv xvelcome. In6ee6, a 6eraile6 inveBriZation ok rke Brrari-

Zrapkv, Be6irnenroloZv an 6rectonicB ok tke rocks ok de an
important conrridmion to tke ZeoioZv ok I^ur^a^.

Some remarks on relations with rock formations outside Magerøy

18 rke cmiv place in Bilnrian kosBiiB kave deen
koun6. Llsexvkere rke vounZeBt k033i18 Clremadocian) are present on rke DiZer
mul ?eninBula west ok in tke top kormation ok rke ZroupB ok non

meramorpkoBe6 roclcs ok (3.ea6inZ 196)). In rke Qui6e ro excursion
Z (1960) ir waB BUZZeBre6 rkar ea3t ok rkere miZkc occur eczui

valents ok rke 6ar!c coioureci damdrian an6I.ov/er or6ovician Be6imenrs on rke

OiZermul ?eninBu!a. I'kiB i8prekaps 6rawinZ roo 6ecaile6 concluBion3, eBpeci
allv akter rke silnrian (an6not or6ovician) aZe ok rke limesrones eaBt ok ssor6

vaZen was 6emonBtrate6, 28 ir re^uires a drealc ar tke dåse ok tke Bilurian
limeBtane, wick a kiatus correBpon<jinZ ro rke Zrearer P2rr ok rke or6ovician

perio6. KseverrkelesB, rke 6iBcoverv ok tke Bilurian ko3siiB i8ok importance in
a regional reBpecc, especiallv decauBe KlaZerFv i 3siruated in rke metamorpkic
delt ok rke <2ale6oni6e3. Larlier, rke Be6imenrarion ok rke (later metamorpkoBe6)

rocks ok rke nappes ok eascern preBume6 ro kave tåken place
mainlv in latezr ?recamdri2n 2n6/or Locamdrian times. I°ke exi3tence ok
3ilurian kosBilB on kavours rke ren6encv ro reZar6 rke larZer P2rr ok

rke rock 3in yuesrion 23 deing ok a somev^kar vounZer, vi^. damdro'3ilurian

age (see 3rran6, 1960, p. 2?)).
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Sammendrag
Stratigrafiske konsekvenser av oppdagelsen av siluriske fossilet på Magerøy

I 1959 og 1960 ble det funnet fossiler fra silurtiden i to lokaliteter ved
stranden øst kor Honningsvåg, henholdsvis 1300 og 1650 m øst for bebyggel
sen ved Nordvågen (se kartskissen fig. 2). Fossilene består av sjøliljestilker,
kjedekoraller, hornkoraller, og brakiopoder av slekten pentamerus (se fig.
5-7). Bergarten som inneholder disse fossilene er en grå kalksandstein med
gulaktig forvitringshud. Sjøliljestilker ble også funnet i ec kalksteinskonglo
merat (fig. 4) ved den vestligste (fig. 3) av de ro lokalitetene. I skifer ble
det funnet graptolitter. I den vestlige fossilforekomsten ble det funnet bare
sjøliljestilker (og graptolitt i skifer i nærheten), de øvrige slags fossiler ble
funnet i den østlige lokaliteten. Bergartene langs stranden er ellers mørke
skifre i veksling med grå sandsteiner. Bergartene har vært utsatt for metamor
fose, som bl. a. har ført til at kalksteinen er blitt krystallinsk.

Funnet er oppsiktvekkende da det ikke tidligere er kjent sikre BiluriBlce
fossiler nord for Trøndelag. For Magerøys vedkommende har funnet ført til
at spørsmålet om alderen av også de andre bergartene på øya måtte tas opp
til ny vurdering. Av spesiell interesse er et usortert konglomerat ved Duksfjord
i den nordlige del av øya (se kartet fig. 1). Det ble tidligere ansett for a være
tillitt (morenekonglomerat), avleiret under samme istid som tillittene i Alta
og Øst-Finnmark, d.v.s. i eokambrisk tid (tidlig kambrium). Resultatet av de
undersøkelser som nå foreligger, tyder på at det tillitt-liknende konglomeratet
er et av de øverste ledd (kanskje det øverste) i en lagreldce aiv ZlimmerBicikle,
krystallinske kalksteiner og konglomerater, en lagrekke Bom danner et stort
synklinorium (foldningstrau) mellom Duksfjord og Sardnes, og hvorav noen
av de laveste lagene ses nord for Sardnes (i det sørvestlige hjørne av kartet
kig. 1 - navnet står ikke på kartet). Disse lagene ved Sardnes minner om berg
artene øst for Nordvågen. Forfatteren av denne artikkel kanc i 1962 (dårlig
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bevarte) BMiljeBtillier i KallcBtein og i konglomerat i llere lokaliteter nord kar

Bar6neB. vec er 6errne6 BannBvnlig ar ogBa 6er rillitc-liknen6e konglonierat ve6
VukBlior6 er av Bilurisk al6er. ?orekolNBr av tillirr kra Biluri3k ti6i I^orge ville
vsere BV2err overraskende, 6ec er 6erlor ikke lenger rimelig a, anBe konglome

rater lar en i3ti6Bavleiring, 6ec er rner naturlig a. tv til andre korklaringer pa
6etB UBolrerre karakter, l. ekB. ar 6ec er 6annet ve6er 512Z8 un6erBi^iBlc 125.

Gabbroen i den sørøstlige del av øya kan ikke være eldre enn fra silurisk
rid, idet dens irerntrengninZ førte til at de sedimentære bergartene omkring
ble kontaktmetamorfosert (omdannet til hornfels. Merk at "Gabbro complex"
på kartet fig. 1 også omfatter hornfelser, som til dels har tydelige sedimentære
strukturer).

En upublisert rapport fra den hollandske geolog J. J. C. Geul, som i som
merhalvåret 1958 utførte geologisk kartlegging på Magerøy etter oppdrag fra
Norges geologiske undersøkelse, var grunnlag for de undersøkelser som førte
til funnet av fossilene og har vært er verdifullt hjelpemiddel ved det videre
feltarbeid på Magerøy. Fig. 1 er et forenklet kart regner pa grunnlag av det
kart som hører til J. J. C. Geuls rapport.
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Big boulders of tillite rock in Porsanger,
Northern Norway

By

Sven Føyn.

Abstract

In 1959 numerous erratic boulders of tillite rock were discovered at the head
of Austerbotn, the eastern arm of the Porsangerfjord. Some of the boulders
are very big, håving volumes of up to 20 m . In 1965 another two boulders
were found about 7 km to the south-east of the head of the fjord. The presence
of the tillite boulders shows that Eocambrian tillite occurs . or at least has
existed - in the Porsanger region. No deposits of tillite occurring in situ have,
however, been reported from this district. The writer suggests that the source
of the boul6erB i8 most probably in koralen, a depression in the Precambrian
surface of the broad Lakselv valley, about 10 km south of the head of the
Porsangerfjord. As there are no rock exposures in the bottom of Rocidalen

on account of the thick cover of Quaternary deposits, this theory can hardly
be proved. Possible future finds ok tillite boulders may bring other parts of the
Lakselv valle/ into focus.

Introduction

Numerous erratic boulders of tillite rock occur west of the head of Auster
botn, the eastern arm of the Porsangerfjord (lat. 70° 4' N, long. 24° 68' E).
The boulders are found mainly on the slope facing the sea, bur also on the
small hill north of the main road. No occurrence of tillite in solid rock has
been reported from Porsanger. The nearest known in situ deposits ok Eocam
brian tillite are those south of Laksefjord more than 50 kilometres to the NE,
and ar Altafjord about 60 km to the west. As the only agent which can be
responsible for their transport and present distribution is the glaciers of the
Yuarernarv perio6, and Bince cke ice movemenc was from 2 southerly direction,
the boulders at the head of the Porsangerfjord cannot have been derived from
either of the above-mentioned deposits.

'lne boul6erß 6ißcovere6 b^ ?rok. 0. Holce6anl, Ot. ?. keiran an6
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rke sliter in 1959, 6urinZ kie!6 prepararion lor rke international ZeoioZical
exculßion w kinnmarlc, 1960. In 1962 rke preßenr wricer 3pent a ke^v 6275

in ?or3anZer in order ro trv ro kin6 rke oriZin ok rke boul6erß.

General geology

The geology ok the region south of the Porsangerfjord is known from the
work of Holtedahl (1931), Crowder (1959) - see the map Fig. 1 - and Skålvoll
(the Quaternary deposits) (1960). In the Lakselv valley, which is the continu
ation of the Porsangerfjord depression, the rocks are Precambrian supracrustals,
considered to belong to the Karelides. The steep sides of this broad valley
consist mainly of the Porsanger sandstone formation (of late Precambrian age),
which forms a nappe lying with thrust contact on beds of the Dividal group
(r= the "Hyolithus zone")-

The Dividal group in Finnmark was formerly, in its entirety, ascribed to
the Lower Cambrian. The lower part of it has recently been shown to be of
Eocambrian*) age, deinZ ec^uivaienr ro the formation nexr to the upper tillite
of eastern Finnmark (Føyn 1967).

The Austerbotn area

At least a dozen of the boulders at Aus:erbotn have a diameter (or length)
of more rkan one metre. Some of them have 2 volume of about 20 m3 . The
colour of the matrix is partly red-brown, partly grey. All the pebbles and

*) The term Eocambrian is here applied in the "restricted" sense to the time be-
ginning with the deposition of the lower tillite in Finnmark and ceasing at the base
of conventional Lower Cambrian.

¦d) Precambrian crystalline rocks.
b) Patches of conglomerate of the Dividal Group on the Precambrian surface east

of Austerbotn.
c) Caledonian rocks. (Dividal Group (— "Hyolithus zone") and Porsanger Sandstone

Formation) .
d) Quaternary moraine, gravel and sand deposits and bogs.
e) Ix)calirieB wick boul6erB ot tiliite rocll
f) Main direction of Quaternary glacial striae
g) Fauk.
h; Lake and river, sea-shore.
i» Road.

Geological boundaries largely after Crowder (1959).

Fig. 1. Geological map of the Lakselv valley area (p. 224).
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boulders in the tillite consist of Precambrian crystalline rocks. The tillite
shows practically no signs of tectonic deformation, its unsheared character indi
cating that it is unlikely to have belonged to the rocks constituting the
nappes. It is far more likely that the source has to be searched for close to the
old Precambrian Biiltace. V.emnanrB of a riliite cover may perkapB have been
preBelve6 in 6er)reBBions in rne precambrian Burkace, like the tiiiire 6epozirz
described by P. Holmsen from West-Finnmark (Holmsen 1956 and 1957).

In point of fact, the distance between the present position of the boulders
and the old surface of the Precambrian basement is not large - born in the
lateral and vertical sense. Outcrops of coarse, feldspathic sandstone and green
and reddish shales show that the solid rock in the hill and along a part of
the shore consists of beds belonging to the basal part of the Dividal group.
Rocks belonging to the Precambrian basement crop out, however, only a few
hundred metres east of the hill. kurrkerrnore, in the bog on the 3outkern side
of rke main road south of the hill, crags of Precambrian rocks are seen, and
south of rke bog, which is about 700 m broad, the Precambrian rocks are well
exposed.

At the southern border of the bog one (rather small) boulder of the same
sort of tillite rock as in the accumulation on the hill has been observed. The

boulder had appeared from the Quaternary moraine below the peat, during
a farmers digging of a drainage ditch.

The peneplain i8 fairly well preserved about 2 km NE ok the head of Auster
botn (Holtedahl 1918, p. 134). The main road croB3eB an area where patches
of the basal conglomerate of the Dividal group are seen on the surface of the
Precambrian rocks, which there are mostly hornblende schists. The peneplain
dips about 3° (angular measurements based on 100° scale) to the north-west.
Between rkiB area and that of the Dividal rocks west of Austerbotn, 2 block
faulting must have tåken place at a time later than the deposition of the
Dividal beds. One of the fault lines is shown on the map Fig. 1 (see also
Crowder's map (1959)). More parallel faults are evident, judging from the
marked linear breaks in the landscape. The trend of these lines is N 50° W,
eack 3ourk-xveBrern block håving been rai3ecl siiZkrlv relative to irB north
eastern counterpart.

In or6er to kinci more tillire lx>ul6elB, ik an/, rke ina6e excurBiolls
in rke area ok tke precambrian locl« a8kar a3adour 10 lcni somk ok tke Kea6

ok rke k)orc!. In ckiB area a rarker manive Zreenstone (Kolnl)len6e 6iorire) 13
Been a3Boli6 roclc. Loul6erB ok rkiB Zreenstune are aIBQ kounci ok
roZerker rkvBe ok rke riliite and are ok tke Barne or6er ok 3ixe a3rke latter,

'lkeir 6irecrion ok tl2N3polc colreBpon6B to rke main rren6 ok rke Zlacial Btriae,



227

Fig. 2. Boulder of tillite rock west of the head of Austerbotn.

which is about N 30° W. (Very locally, on the Precambrian surface south of the
main road, at Austerbotn, a trend N 25° E was observed). In spite of a rather
thorough search, not a single block of tillite could be found in the area.

As a result of the investigations in 1962, the present slirer conclu6e<! rkat
the tillite boulders of the large, bur local concenrrarion at Austerbotn conlcl
nar6lx have been rranBporre6 over any lonZ 6iBtance. It >V2B rnougnr rnar,
in all probability, the source must be just south-east of the hill, in the 6epreB
sion now occupie6 bv the bog. This cneorv xvou!6 aiBv have accounce6 for the
existence of the tillite boulder at the southern boundary of the bog.

Another boulder locality
It is now known, however, that rkiB theory is not tenable, or at least, it 6oez

not accord with the full facts. In 1965 and 1966, ZeoioZ^c cand. real. Gunnar
Juve con6ucce6 thorough investigations in the Precambrian area south of
Porsangerfjord, with the ore mineralization as his main topic. When the writer
visited rke area in 1966, Juve drew attention ro two big boulders of tillite
rock, situated about 7 km south-east of the head of Austerbotn. The compass
direction from these two boulders to the hill west of Austerbotn roughly coin
ci6eB with the main direction of the glacial striae in the area.

'lke cnnBe<^uence ok kin6 ok rke3e r^vo bou!6erB i8rkar rke 3ource
ok rke tillire boul6elB muBt be karrker ro rke Bourk or 33L.
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Roe ida len - the place of origin of the tillite boulders?

As realized by Holtedahl (1931), the Precambrian Bulkace of the Lakselv
valley was bowed up in carl/ Caledonian time inro a ridge running SW-NE,
about 15 km to 10 km south ok the head of Porsangerfjord. The ridge has, on
rke whole, a gentle slope (about 3°) towards the fjord, bur is much Bteepel
on its south-eastern side, after which a gentle rise of the Precambrian pene
plain towards the south can be demonstrated. While the Caledonian thrust
plane at and to the north of the ri6Ze cutB the Oivi6al beds only ten or a few
tens of metres above the basement surface, the thickness of the Dividal group
south ok the ridge is about 250 m.

V.oci6alen 13 rke nolrk-ea3iern pare ok rke 6epreBBion 3ourk-eaBt ok tke ri6Ze.

In tkiB vailey Ouaternar^ 6epoBitB, prodably ok consi6erable rkiclcneBB, enrirely
conceal rke Bolicl roclc.

South ok Rocidalen, along the south-western side of the mountains Caskel
varre and Halkkavarre*) and around the mountains Gaggagaissa and Mellem
fjellet*), the contact between the Precambrian rocks and the basal de6B ok the
Dividal group is exposed ar several places. I'kiB area has been studied in detail
by rke geologist, mining engineer Bernt Røsholt and assistants, and the slirer
Ka3 also visited the area for a couple ok days. No occurrences of tillitic rock
have been observed.

Ikus, 3.ocicialen 3eeniB to be tke lnoBt probable place ok oriZin ok rke rillire

boulc!el3, ar leaBr in tke eaBrern parr ok rke I.al<Belv valle^. nienrione6 above,
no 301i6 locl< 18 viBible, an6becauBe ok rkiB, prook ok rke posBible exiBtence ok

rillire belo^v rke ()uatelnarv 6epo3itB i 8Kal6l/ expecte6 ro be korckcominZ.
Ik more rillire boul6ers were ro be koun6 norck ok rke valley, eBpecially on

irB vel)? 3lope, rkiB be a uBekul an6a66irional in6icarion rkat tke 3ource
ok rke boul6el3 i3Ki66en in rke borrom ot eke valle^.

Koci6alen, ko^evel, Bkoul6 nor be looice^ upon 23 rke only place lilcely co

be conce2linZ in Bitu riliice. kutule tin63 ok cillire boul6er3 mav blinZ a more
Bourk vve3teln parr ok rke I^alcBelv valle^ inro kocuB. (^oncerninZ rke boul6elB
2r klo2rin^ icebelZ3 28 2 conrributor^ rranzpoltacion aZenr can nor
be lekt complerelx aur ok account (^l. Klarckinus3en, pelBonal communicarion).

Ike c^ueBrion ok eke Bource ok rke rillire boul6elB in ?orB2NZer 13 nar 501ve6.
Impolt2nr 23 rki3 I(in6 ok roclc i823 2 Bource ok Icnoxvle6Ze ok p2l2eoclim2roioZy
2n6 p2laeoZeoZlapk^, ir be ok Zreac inrereBr ro kincl rke rillire a3Boli6
loclc 2180 in rkiB parr ok kinnmarlc, or - ik rke 6epoBitB 60 nor exi3t rkere an^

*) Halkkavarre and Mellemfjellet are off the bottom right-hand corner of the
map Fig. 1.
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longer - to find more indications as to where the position of such deposits
may have been.

The main purpose of this paper has been to call attention to the fact that
Eocambrian tillite may occur - or has existed - in the Porsanger district. Any
new finds of tillite boulders may bring the problem closer to its solution.
Reports of such finds to Norges Geologiske Undersøkelse will, therefore, be
very welcome.
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Sammendrag

Store flyttblokker av tillitt-bergart i Porsanger, Nord-Norge

I 1959 ble det oppdaget et stort antall flyttblokker av tillitt-bergart (— mo
renekonglomerat) på den lave høyden og i skråningen mot sjøen like vest for
den innerste ende av Austerbotn i Porsanger. Noen av blokkene er svært store,
opp til 20 m3m3 i volum, og minst et dusin har en diameter (eller lengde) på
over en meter. Nok en blokk ble funnet (i 1962) i søndre del av myra på
sydsiden av riksveien. I 1965 ble ytterligere to store blokker (1 m3m3 og 2 m3 )
funnet ca. 7 km sørøst for fjordbotnen. Blokklokalitetene er merket med x på
kartet fig. 1.

Flyttblokkene viser at tillitt fra eokambrisk tid forekommer — eller i det
minste må ha eksistert — i Porsanger-området. En kjenner imidlertid ikke til
noen forekomst av tillitt i fast berg i dette område. De nærmeste forekomster
av tillitt i fast berg er sør for Laksefjorden, minst 50 km i luftlinje mot nord
øst, og ved Alta, 60 km i luftlinje mot vest. Flyttblokkene kan ikke være kom
met fra noen av de nevnte stedene, da transporten ma være skjedd med isbreer
under den kvartære istid, og i Lakselvdalen var brebevegelsen fra sørsørøst.
Forfatteren av denne artikkel mener at Rocidalen ma være det mest sannsyn
lige sted for opprinnelsen til tillittblokkene. Rocidalen er en senkning i grunn
fjellsområdet i Lakselvdalen, ca. 10 km sør for Austerbotn. Uheldigvis (i denne
forbindelse) er bunnen av Rocidalen kvlc av løse avleiringer fra kvartærtiden,
disse jordlagene er sannsynligvis svært tykke, og fast berg er ikke 2 Be. En kan
derfor ikke vente a få noen endelig avgjørelse på spørsmålet om det finnes
tillitt i fast fjell liggende på grunnfjellet under jorddekket. Dersom det kunne
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finnes flere blokker av tillitt nord for Rocidalen, særlig i selve dalsiden, ville
det være til støtte for teorien om Rocidalen som opphavsområde for tillitt
blokkene.

En bør imidlertid ikke anse Rocidalen som det eneste mulige sted for opp
rinnelsen til tillitt-blokkene. Skulle det i fremtiden bli funnet blokker i andre

deler av Lakselvdalen, kan også mer sørvestlige deler av denne komme på tale
som opphavssted for blokkene.

Tillittbergartene er viktige som kilde for kjennskapet til paleoklimatologi
og paleogeografi. Det ville derfor være av stor interesse å finne tillitt også i
form av fast berg i Porsanger, eller a finne hvor eventuelle forekomster av
tillitt en gang må ha ligget. Ethvert nytt funn av tillitt-blokker kan bringe
løsningen av problemet nærmere. Norges geologiske undersøkelse er derfor
interessert i a få opplysninger om slike eventuelle funn.
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A preliminary account of the geology of
the Signaldalen-Upper Skibotndalen area, luner Troms,

N. Norway
By

Richard E. Binns 3 )

Abstract

A preliminary account of the petrography, stratigraphy and structure of an
area at the Caledonian front in inner Troms, N. Norway, is given. Precambrian
2uccxikrkonous Zneizsez are overlain by aurcxikckonouz and p2l-2Mockckolious
Cambrian sediments - the ti/oiirkus 2oiie. I^ese are ikemseiveZ overiain by
Caledonian thrust metamorphics, divided into the Lower and Upper Alloch
thonous units. The lower unit consists mostly of quartzo-feldspathic phylloni
reB, wnick ina^ be mailii^ 3e6iinent2r/ in origin. It is bordered below and
above by low angle thrusts. The Upper Allochthonous unit has a very varied
lithology of calcareous, quartzitic, pelitic and basic rocks all in a fairly ad
vanced metamorphic state. Some of the rock boundaries (especially quartzites)
are tectonic. A provisional stratigraphy is suggested but cniB is uncertain
due to the Btrnctul2i complexities in the area. At least one e2tl^ perio^ of
iBoclin2i kol6inZ is recoZniBe6, and the ni2in rnnigrinZ is associated with this.
These 3trnctureB were rekol6e6 by 2 system ok open ss^-8L kolciB and a
possibly later system ok gentle NE-SW flexures. The regional significance
of this structural history is discussed.

*) Department of Geology, Tromsø Museum.
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Introduction

The area being mapped lies in the innermost part of Troms county, N Nor

way, some 400 km N of the Arctic Circle, at about 69° 10' N, 20° 30' E. The
precise location is shown on the maps (Fig. 1).

I°kiB is an area of elevated lake plateaux and high, steep mountains. The

area is geologically fairly well exposed, though lakes, and lake and river

6epoBitB, toZetner with morainic material, cover excen3ive BtrercneB of the
flåtter land, whilst block-fields are extensive on the mountains in the eastern

Fig. 1. Simplified Geological Map of the Signaldalen - upper Skibotndalen area (p. 232).
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half of tke area. Snow cover in the past three summers has been unusually
heavy and has, together with the generally poor weather, proved a serious
drawback to the mappinZ proZramnie.

Very little work K23 been done in the area previously. Pettersen (1868, pp.
91-2, 1870, pp. 4-15) K2B mentioned some observations ke made, mostly on
the edges of the area. Padget (1955) K2B described a profile along 3lcil)orn62ien.
An account of the Hyolithus Zone and associated rocks in the kinniBN-^or
wegian border area has been given by Hausen (1942) and the ZenloZ^ of the
neighbouring part of N Sweden has recently been outlined by Kulling (1964).

The present mapping was begun in 1961 whilst I was a member of an
undergraduate scientific expedition from University College of Wales, Aber
ystwyth. Some observations were made in 1963, but the bulk of the work
has been done in parts of the summers of 1964-66 and it is hoped to complete
most of the work in rke summer of 1967. The present P2per is a preliminary
account oi the stratigraphy, petrography, and ztrucrure oi the area. As the
mappinZ 80 far 2cc«rnpliBke6 has reve2ie6 Bevel2i ieatureB which do not fit
in well with some of the previously published ideas on the geology of the
region as a whole, ir seems desirable to present some of these matters, now,
so that other workers in the region, now and in the near future, can be a^v2re
of the orker Po3Bir>ilirieB in inrerpretarion and correlarion rkat ni2v be applic
2ble.

Mapping i8 being done mainly on a scale of 1 : 25,000 using base maps
photographically enlarged from the new Series M 711 1 : 50,000 topographi
cal maps.

Autochthonous Precambrian

The autochthonous Precambrian is exposed only in the SE corner of the
area where it continues across the Finnish-Norwegian border from the exten
sive Zr2Qo6ioritic-^u2rt2 6ioricic cornplex of 3vecokenni2N age in N Finland
(Eskola 1963). Glacial drift and lakes cover most of the solid rock, bur
scattered exposures of granodiorite, with some quartz diorite, granite and
granite-aplite occur. Intersecting and partly cross-cutting, semi-amphibolitised
dark-green basic bodies occur here and ckere, sometimes sub-parallel to the
steep, near N-S, foliation which is generally developed in the acid rocks.

The acid rocks are normally poor in dark minerals, which even in the
granodioritic types, are mostly represented by 2 dirty green biotite. The grano
diorite conrainB considerably more plagioclase rkan potash feldspar, and the
r>laZic>claBe BeeniB to be older as ir is filled with minute sericitic and other
inclusions, whilst microcline is noticeably fresh.
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The Precambrian snriace is uneven and has been subject to sub-Cambrian
weathering, as also observed by Hausen (1942, p. 16) at the same locality, NE
of SaSgejav'ri.

The basement rocks show clear evidence of shearing and the constituent
minerals are sometimes very tectonised. I'kiB K23 affected rocks bork at the
Precambrian Burkace and Borne wav below it.

Autochthonous and par-autochthonous Cambrian

Some details of the Cambrian Hyolithus Zone stratigraphy in the SE corner
of this area have been given by Hausen (1942). According to Hausen, and
Kulling (1964), the Cambrian also extends across the border from Sweden
beside Treriksrøysa. A fairly intensive search in most of the bog and wood
land nere, has failed to reveal any exposures of anything E of the approximate
boundary (shown on the map in Kulling 1964) between the Cambrian and the
overlying thrust rocks. The junction on Fig. 1 is therefore based on the maps
published by Kulling and Hausen.

The Cambrian sediments have only been Btu6ie6 in a very cursory manner.
They consist chiefly of grey, reddish and greenish-brown shales and fine
Zl2ine<! 32nci8rone8, >virn a basal conglomerate rich in pegmatitic quartz and
other pebbles derived from the underlying weathered basement. The rocks are
generally more or less untectonised and should offer good opportunities for
sin6inZ 5038ii8. However, the uppermost greenish-brown shales are consider
ably 6ekornie6 in the expoBureB S of GaTlajav'ri, and must be considered par
aurocncnouQuH.

Lower Allochthonous Unit

As indicated on the map, this group of rocks is very exrenBive in the S of
the area. Ir chiefly consists of more or less phyllonitic, banded, quartz-feldspar
mica tectonites which have been thrust over the Cambrian sediments. Small
scale shears and thrusts are often Been, and small tight, isoclinal and recumbent
folds are frequent in inanv parts. Joint drags are common. Most ok the unit is
metamorphosed in the quartz-albite-epidote-biotite subfacies ok the Green
Schist gråde (Turner and Verhoogen 1960, pp. 537-8).

The major part of this unit can quite likely be equaced with the so-called
sparagmite which outcrops in large areas of outer Finnmark and in Troms,
and conrinueB S in Sweden and Norway.

I.iZkr- an6Bubol6inare 6211c-grev, tine Zl2ine6 b2n<le6 pkvllonire 2n6 Zrev-
Zreen, kine Zr2ine6 pkvUonire 2re rke rnoBt exren3ively expoBe<i V2lierieB, an6
re2ck a total rkiclcneBB ok Beveral Kun6re6 merreB. 'Nie larrer varierv, especiailv,
KaB 2 6i3tincrlv Zreen an6ZlaBsy appear2nce xvken wer.
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I^e term "pnyiionire" 15 UBe6 to 6eBcribe rneBe roclcB, bec2UBe rniB, 28 6ekine6
2n6 UBe6 by Ivnopt (1951) 2n6 dnrisrie (1961) BeernB ro begr 6e3cribe meir
lN2croBcopic 2n6 niicroBcopic 2ppe2l2nce.

Feldspar porphyroclasts are frequently present and microscopic examination
shows that rneBe are mostly of micro-perthitic microcline, with some albitic or
oligoclasic-albitic plagioclase. A few plagioclases are zoned bur generally they
are more or less clou6e6 'ivirk inclu3iciliB. These sel6BpalB Beem to be partis
regenerated relicts incompletely crushed by the tectonisation.

The granulated, mostly recrystallized, groundmass consists chiefly of quartz
and mostly untwinned feldspar, with varying amounts of mica mainly segre
gated in layers. Most of the mica is white - partly large muscovite felts contai
ning biotite inclusions, and partly fine sericitic flakes. Biotite occun liiBo as
tiny flakes of late date. Garnets are present in some horizons, bur are inconspi
cuouB. 'lney occur as near eune6l2l, kre3n At2inB, bur okren as more or
less altered relicts filled or replaced with epidote, zoisite, chlorite, etc. The
feldspar content varies somewhat but often approaches 30 % of the total
mineral content. Though the frequent independent occurrence of epidote, in
co2rBer quartz-feldspar-mica schist layers, might suggest that these rocks were
originally semi-calcareous (Harker 1939, pp. 247-8), some of the epidotes
contain a core of allanite, normally an accessory mineral of acid igneous rocks.
The near uniformity in composition ok the plagioclases may also suggest an
acid eruptive origin for these phyllonites. This problem will be mentioned
again later (pp. 248-9).

I'kiB pnviionite is cle2lly the same rock as that described by the nåme
"Sparagmite Schist", by Skjerlie and Tan (1961, pp. 185-6) from Reisadalen,
E of nere.

In the Gåldajav'ri area the lowest part of this Lower Allochthonous unit is
a highly tectonised, light coloured or pinkish-brown rock ok apparent granitic
origin, with minor amounts of darker, partly more basic, rock.

rei2tivelv inBiZnikic2nr portion ok tne unit 18 prob2bly 6erive6 by
irnbric2tion krom me ?rec2rnbri2N b2Benient. Birnii2l bociy iq Been

niZn up in me rnruBc Bneec ok 3t2r'm2Zie6'6i in Lrei^^aien.
In tkin Bection ic i8Been ro conßißt ok i2lZe 2n6 rne6iuin-Bi2e6 porpnyro

ci2Btß ok por2Bn 2n6 2ilc2ii kel6«p2lß, v^irn epidore, ore, 2n6 e3peci2ily <^u2rr2
2n<i rnic2. lAe por2Bn polpnyroci2Brß 2re rnicro-perrniric 2n6 born rnicrociine
2N<i olrnoci2Be 2re reprezenreci, rnouZn me korrner i86oliiin2nc 2nci our^eiZng

me 2ibite-oligocl2Be 2ilc2iine kel6Bp2r. Boine ok me kel6Bp2lß 2le lone6, bur

Aener2ily tne pi2Zioci2Beß 2re ciouciy 2n6 kille6 BlN2ll inclusions 2n6 211 me
kel6Bparß are exrenßively craclce6 an 66izrupte6, tne cr2clcß beinZ Zenerally
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killeci c^u2rrT 2n6 a lesser 2rnounr ot unnvinne6 kel6sp2l, v^kicn cokrinue
unbrolcen krom rke Zroun6rn2Bß.

The Zloun6rn23B is mostly of very small, sutured quartz, with some feldspar
and a little calcite, and muscovite has crystallized along some shears and around
porphyroclasts. Green biotite occurs as very small flakes with a semi-parallel
alignment.

In 3iciborn62.leti are r^vo otker horizons worthy of B^»eci2i menrion nere.
The first is the zone of granitization described by Padget (1955), of which
the southerly outcrop is within the area now being Btu6ie6, and the Becoii6 is
the belt of dark, somewhat phyllitic rocks with pale-coloured limestone bodies
that immediately overlies this southerly granitisation belt.

Padget believed that the granitisation zone overlay his so-called sparagmitic
3ckiBrB (banded phyllonite, here), but reconnaissance mapping in the fairly
wellex^oBe6 Zloun<i N of Gal'lajav'ri in<iic2teB ornerxvise. Uere the b2n6e6
pn^llonireB overlyinZ the d2inbri2n Be6imentB on the lower S Biope of
Gal'laoai'vi become gradually more granitized and mixed with basic material
in the upper part of the hill. In the summit region pink and white quartzo
feldspathic layers alternate with fairly coarse pale- and grey-green bands similar
to the normal phyllonitic schist. Green amphibolitic horizons are important.
In rke kloor of the high L-V^ rren6inZ V2iley N of Gal'laoai'vi is 2 small
2nriclin2i core cont2ininZ a pure, white, cr^sr2iline limestone and 2 highly
puckered phyllite. The relatively complex folding of the granitic/basic Tone
and rke speed ok the in2ppinZ kere make it 2 little uncertain, bur this seems
to imlne6i2rel^ overile the Zr2niriB2rion Tone and is overl2in by a little more
granitic/basic material and then feldspar-porphyroclastic grey phyllonite of a
type very characteristic kor this Lower Allochthonous unit and described by
Padget from Helligskogen (Padget 1955, pp. 10 and 52-53). This rock appears
to outcrop conrinuouBlv bet^een 3lciborn<i2len and the kinnen border for
several kilometres northwards.

Scattered observations in the ground between Galgujav'ri and GaPlaoai'vi
indicate that the granitisation belt on the latter is continuous with that by the
road at the N end of the lake. W ok the 1026 ir conrinueB to ourcrop in a
NNW direction and is overlain in the area around Mul'kejav'ri-Sallujav'ri-
Råg'gejav'ri by 2 broad belt of dark phyllitic schists with irregular pale
coloure6 lirneBtone koriToNB. 'lkis is the orker limb of the open NNW-SSE
antiform that occurs in the upper part of Skibotndalen, and this horizon is
doubtless equivalent to the similar rock N of Gal'laoai'vi.

'lke 2pproxilN2relv 600 ni rkiclc, 62rlc, kine Zl2.ine6 pkvlliric belt is rnosrlv
ki^klv recroni^e^ czu2ttT'biorite-kel6Bp2l-clinoToisice roclc, bur 2ppe2rs ro be
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derived from amphibole-rich material as this still occurs in rare relict porphyro
clasts and in more or less untectonized and unrecrystallized bands. Skarn is
6evelope6 locally in association with one ampkibolire laver. The c^uarr^ okren
occurs in lenses and is then coarse grained and has BrronZlv un6ularinZ excinc
tion. These lenses BomerimeB contain relicr kel6Bpar kragmentB. I^arZer po6s of
czuarr^ occur at nvc» nori^ons and ine^ tnen siinuiare sneare6 and kol6e<i rem
nants of once more conrinuous bancis. The sel<^Bp2l is partis microcline, bur
mostly plagioclase. The plagioclase is extensively alteret and occurs mostly
as small porphyroclasts of relict albite. Amphibole, sphene, zircon, chlorite,
white mica, allanite and ore occur in varying amounts.

The limeBtone is white, pale-Zre/ or pale-Zreen and partis severely tectonized.
It consists essentially of medium to very kine grained calcite and dolomite,
with varying amounts of colourless amphibole and white mica, both of which
sometimes occur as very large, bent, porphyroblastic sheets.

The limestone is not confined to one horizon and has often reacted extremely
plastically to the deformation forces. A large outcrop in the cliff immediately
WSW of Sallujav'ri is enclosed within the fine grained, light grey, banded
phyllonite which otherwise overlies this belt, nere. The limestone varies from
a few to over 60 m in thickness.

Except for the basic nature of the non-calcareous rock and its structural posi
tion it would be natural to correlate this belt with the Rautas rocks of N Scan

dinavia (the par-autochthonous Blue Quartz - Shale - Dolomite of Hausen
(1942) and the Lower Thrust Rocks of Kulling (1964)). The rock may also
be correlateable with the greenschists 6escril)e6 from a simiiar horizon in
Reisadalen (to the E) by Skjerlie and Tan (1961, pp. 186-7). But the c^uesrion
rnusr be lekc open for rke present.

Allanite occurz especiaiiv okren in the Zranitic lavers of the ZranitiTeci bek
but is sometimes present in the dark phyllitic rock and the normal phyllonite.
The allanite nearly always has an outer shell of epidote (Pclinozoisite - with
blue interference colours - in the phyllites) bur is occasionally seen in tiny
pleochroic haloes in biotite. Its significance will be subject to a closer study,
later, but ir is provisionally considered to be a pneumatolytic mineral formed
during the granitisation phase and to have migrated from the highly granitized
parts by hydrothermal action along the Bkear planes in rke surroun6inZ pkvllo
nires, rkuB 6arinZ the Zranirizarion to a kairlv late stage in the recrvstalli^ation
and deformation ok the Lower Allochthonous rocks.

Cataclasis is widespread throughout rke Lower Allochthonous rocks, being

representer amonZ otker wavs by tectonicallv seZreZarecl l^ualt^o-kei^spatkic
material, by kraccurinZ and ben^inZ of kel^sriars, Zranulation, unciulatinZ extinc-
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tion and Bohm lamellae in quartz, Bent micas and the stretching of epidotic
minerals, garnet, sphene and zircon - though not allanite.

Lut the most extreme forms of dynamic metamorphism are restricted to
cert2in levek repleBentinZ Bke2t 2oneB varyinZ from a len millimetres to
many metres in thickness. The larger zones have been mostly observed and
Btu6ie6 in the upper part of the unit in Parasdalen and Stordalen, the upper
bl2llcQeB of siZN2i6alen.

They take the form partly of very dark rocks consisting ok an extremely
fine grained mylonitic groundmass containing stringers ok medium grained
cataclastic quartzo-feldspathic material. Elsewhere they are medium to fine
grained, brown weathering, puckered phyllites, or sheared lenses of amphiboli
tic material. Kyanite and sillimanite are widely developed and garnet occurs.
Trains ok graphite and the development ok du/le sulphides are common
features. In the amphibolitic rocks the coloure6 ainpkiboleB appear bork as
B^uar, okren eukeclral, priBMB, and lonZ bla6e3. The pl2ZioclaBe is more calcic
(oligoclase-andesine) than in the bulk of the phyllonites, though some albite
still occurs sometimes, and labradorite is found. Most of the mica i8 brown
biotite.

These mylonitic rocks are associated with the major thrust separating the
I^ower Allochthonous and Upper Allochthonous unitB, wkick is mentioned
in more detail later (p. 247).

Upper Allochthonous Unit

This is exposed in the northerly, mainly higher, parts of the area being
mapped. The Brrucrure, as outlined in a later ckaprer, is l2rker complex and
the following divisions are only in 2 provisional stratigraphical order. The
rocks are mostly metamorphosed in the lower half ok the almandine-amphi
bolite facies (Turner and Verhoogen 1960, pp. 544-8).

Plateau Limestone Group
This nåme is used, for the moment, for the most extensive association of

rocks within this unit. All the lithological variations outcrop typically on and
around the 700-750 m lake pl2te2u, in the cenrre ok the region, 2roun6
<^2cc2j2v'li and (^2v62i2v'li.

The group has a very varied lithology. Calcareous rocks, bork nearly pure
limestone and calc-silicate schist, quartzites, semi-pelitic and pelitic schists,
and basic rocks are all important, and the lithological changes are sometimes
lateral. Metasomatic processes, particularly, have led to gradations between
V2liouß rock rypeß and to 2 frequent development of semi-gneissic and grani
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tie rocks. A detailed description of these rocks will be reserved for a later
paper, but some of the most characteristic features may be mentioned here.

The light coloured crystalline limestones are mostly fairly coarse grained,
light-grey or pale-brown weathering, and vary greatly in thickness laterally.
They are sometimes nearly or wholly replaced by pelitic and semi-pelitic
sckißrß. 3omerimeß oniv one thick (ca. 60 m) bed occurs in a profile (e.g. at
Mar'kusriep'pi, S of <2accajav'ri), buc more otren Beveral tkinner ones are found.
They swell and thin out rather rapidly along the strike, and this and the
complex minor folding, seen very clearly in some water-washed exposures,
demonstrate the plasticity of the limestone during the metamorphism. The
limestone, strictly defined, måkes up a relatively small proportion of the group.

Mineralogically the limestone consists predominantly of calcite, with some
diopside, clinozoisite, pyroxene, quartz, feldspar and varying amounts of ore,
mica, graphite, yellow vesuvianite and fluorite. The last two have not been
observed in thin sections containing mica. The vesuvianite occurs either as
individual euhedral to anhedral crystals or in clots up to IV2 cm across, and

where developed most coarsely fluorite is sometimes associated with it. Until
identified by X-ray diffractometer powder patterns the yellow minerals were
thought ra belong more probably to rne humite group, and this may still be
true for some ok them.

Where silicate minerals are more strongly developed the limestone becomes
a brown, calc-silicate schist, or a characteristic green calc-amphibolite in which
rnin pale-green epidotic bands alternate rapidly with equally rnin dark-green
amphibolite ones. The calc-silicate schists, especially, reveal small-scale
complex folding and shearing, and are particularly strongly developed just
NW of upper Lrei66alen, bur are aiBo Been in upper Norddalen, lower Stor
dalen and on the SE end of Mar'kus MaFla around 950 m. The calc-amphi
bolite is widespread around Caccajav'ri, and usually grades inro a dark green
amphibolite.

()uarr2iric rocli3 occur in varyinZ rniclcneBBeB (up ro ca. 400 m on (^oarre
raB'Ba) ar several nori^onB xvirnin me ?lateau I.irneBrone l^roup. 'lne larZer
bo6ie3, ar leasc, U3ually nave tecronic boun6arieB me encornpasBinZ rock.
I'nev are 6ominanrly paie-bro^vn more or leBB me6ium

Zraine6 roclcB conraininZ inrerbe66e6, BomecinieB BiiZkrlv rranBZreBBive, verv
min ZarnerikerouB ampniboliceB, an 63peclcle6 Belni-pelicic BcniBrB occur. 'lkev
are krec^uenriy c^uire kel6Bparnic, conraininZ abun6anr Bo6ic.plaZiocla3e an6

3ome porasn lel6Bpar. an6eBpecially biorire, are Bcarcere6 rnrouZn
our an6BeZreZare6 inro laverB or laminae '«vkick, roZerker wirn me baBic layerB
an6klarceninZ ok c^uarr^, kelp ro 6ekine rke BckiBc«Biry. 'lke pre3enr ourcrop

parrern ok rke clualr^iteB i8parriy 6ue ro Brrucrural reperirion.
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Those semi-pelitic rocks tkar are not associated with the quartzites are also
ki^klv keldBpatkic, bur Bome of tki3 oliZoclase-andeBine is very fresh and
clearly metasomatically introduced. The rocks are otherwise characterized by
garnets and by the abundance of biotite and muscovite, the latter occurring
bork as unorientared poiliiloblaBtic ZrainB and in parallei inte-l^ro^vtk >virk the
better orientated biotite. These semi-pelitic rocks are extremely varied in
appearance, at least partly because of differing degrees of metasomatism.

More pelitic schists, varying in thickness from «ne traverse to another, are
often tectonized and display abundant evidence ok stress, with strained quartzes
and feldspars, bent micas, stretched and partly recrystallized garnets, and the
development of kyanite. The most pronounced ok these are believed to repre
senr relarivel^ minor rnrusr 2oneB, parri/ conrributinZ to the regional imbri
cation.

Thin, irregular, grey or dark-green garnetiferous amphibolites occur through
out the group, and are often boudined. Some are oblique to the foliation.
Garnet-epidote skarn is frequently developed in the contact zone ok neigh
bourinZ limeBtoneB, bnr vesuvianite is never observed in close proximity
to them.

Granitisation is irregularly developed throughout the Plateau Limestone
Group, and several zones of granite, granodiorite, and granite-gneiss occur.
Much of the granitisation however shows itself by small scale metasomatic
introduction and recrystallization of quartzo-feldspathic material, and as por
phyroblasts, clots, veins and lenses in the semi-pelitic, quartzitic aid basic parts.

Nxcepc for the development of the vesuvianite and fluorite, and some other
porphyroblasts, the limestone members are little affected, even where they are
in close proximity to migmatised rocks, as on the 1100 m plateau area W of
Mar'kusriep'pi and on the upper N slope of Markusfjellet. In some cases the
granitisation seems to be more marked in the vicinity of late NW-SE fold
cores. Pegmatitic dykes, lenses and pockets are common in some parts, and
the dykes often trend around NNE-SSW.

Norddalen Schist

'lke Norddalen 3ckiBc, named akter one ok itB tvpical occurrence3 in Ksord
dalen, i 8 apparenclv tectonicallv incerlavered wick eke ?laceau I.imeBtone
(^roup, in tkiB area.

Ir 13 mosrlv a platv co darlc-Zreen ro blaclc, kornblende BckiBt

concaininZ, in addition ro kornblende, variable, bur small, amountB ok c^uartT,
incermediare to Bodic plaZioclaBe, clino2oiBire-epicloce, biorice, Bpkene and ore.
(^2lnet3 are not al^vavB preBent and tend co be concentrated in certain laverz.
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Interbedded with this are rare, thin, highly pelitic schists and very subordinate,
bur often characteristic, dolomitic limestones and calc-silicate schists. The
lirneBtoneB, and especiaiix the caic-siiicate sckizrs are notable for their often
high amphibole content. In thin section rkiB mineral is colourless, lacks pleo
chroism and is often poikiloblastic. It tends to form large porphyroblasts
which are black and sometimes conspicuously ribbed in hand specimen. In
addition to the dominant carbonates and amphibole, a little quartz, rare sodic
piaZiociase, rrmscovire and rare biorire, a little clinozoisite, much graphite,
and in one section, abundant diopside, occur. Calcareous rock måkes up no
more than some 5-10 m out of perhaps 80-200 m in an/ of the profiles
examined. Its appearance varies markedly from la/er ro la/er and sometimes
ber^veen separate occurrenceB. In one prokile, in the N slope W of Mar'kus
liep'r)i, a neari/ pure limeBrone occurB, a thin section of which reveals no
2lnr>nil)ole, and onl/ a little muscovite, quartz, clinozoisite and ore, whilst
imrne6iarelx below is the more typical, amphibole-rich, calc-silicate schist.

In the upper 500 m ok the E Bnoul6er ok Mannfjellet, ourcrop orker, struc
turally higher, stratigraphical elements. These have been only superficially
Bru6ie6 so far, due to their elevated occurrence and consequent heavy snow
cover in recent vearB. I^ev proriariix have c^uire an excenzive 6iBrri!)urion on
the Markusfjellet-Mannfjellet range, malcinZ up rnuck of the rock on the upper
W side of these mountains, where mapping still remains to be done.

On Mannfjellet a 200 m thickness ok thinly platy, green hornblende schist
containing notable amounts of quartz and intermediate plagioclase, overlies a
graniric kori^on which is inrerprereci as belonging ro the Plateau Limestone
Group. Above rkar is a grey quartz-garnet-hornblende schist with poorly
orienrared polpkvloola3tic kornblencie, and rken 2 grey, apparently non-feld
spathic, quartzite. Above that come several hundred metres of mixed pelitic
and serni-pelitic BckiBtB, partiv Zranici^ed near the rop, and alwaxB with con
spicuous garnets where the rock could actually be observed at close hand.

On rke upper P2rr ok Z2zlc2lnuB ViesBuZ2B are brown BckiBtF wkick cannot ar

preBenc be correiared dekinireiv wirk anv orker unir in rke 2re2.

Structure

Bi2ted previouBiv rke recronic KiBrorv 2nd 3rrucrure ok rkiB are 218 rarker

cornpiex. Ir BeemB PoBBible ro draw a cerrain paraiiei benveen rke Zlciborndaien-

ZiZnaidaien diBtricr and rkar 2lound l^lonikjord in I^loldi2nd, Bvrne 400 Icrn
8^ in rke d2iedoni2n ck2in, rkar KaB been described in 2 3erieB ok det2iled

P2perB in lecenr ve2lB (e.Z. Kurland and 196), ttolrne3 1966).
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However, due at least in part to the much less favourable exposure here,
especially during the heavy snow cover of recent years, the tectonic history
and Btlucture have still not been fully worked out with certainty. Fig. 2 shows
the main ztlucrurai features. An outline of the main features and problems
will be given below.

The most obvious structural trait in the area is a system of fairly open, more
or less symmetrical folds, trending about NW-SE. Two major antiforms with
a complementary synform cross the area. The westernmost one, which may be
called the Kitdalen-Breiddalen antiform, is a complex anticlinorial fold, whilst
the easternmost one (and apparently the synform toa) is more simple. This
easterly antiform, which trends more or less along Skibotndalen, has only
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peli tie sch ist
and limestone

Fig. 3. Sketch-profile of part of the S face of the N part of Goatte ra<;'sa to show the
shape of the early isoclinal fold here.

been observed where it affects rocks below the Upper Allochthonous unit
and rkiz may be the reason for its apparent simplicity as the westerly antiform
appears to have a much simpler form in the outcrop of the Lower Allochthon
ous unit.

These folds are crossed at about right angles by more gentle, open folds.
They may have developed simultaneously with the NW-SE folds, bur several
features point ro a somewhat later development.

Ir is undoubtedly these fold systems rnar xvere recoKniTe6 by Padget in the
adjacent Birtavarre area (Padget 1955).

rke mappinZ nag procee6e6 Beveral iearureB rnar xviii nor lir in wirn
rkiB reiariveiv Birnple Brruccural parrern alone nave riecorne apparenr, and ir
18 clear rnar in rniB area, and consec^uenriv dou!)r1e88 in me adjacenc region
roo, me roclc3 nave kad a more complex Btrucrural KiBrorv. Intensive deiorma
tion K25 reBulred in inciined and recunibenr iBoclinal loldB wkick pre-dare rke
loid BVBteniB rnenrioned arwve (a 8 rkeBe rekoid rke eariier Brructures), and

eariv rkruBtinZ KaB aiBo occurred.
coupie ol exampies xviii Bukiice ro dernonztrate rkiB ar preBenr.

In the W side of the N part of Goatte ras'sa is a large early fold, the closure
being seen in the quartzite outcrop ar the S end of the W face. As indicated
on the map (Fig. 1) and in Fig. 3, the rocks dip for the most part to the E
at a moderate angle, but about % of the way across the outcrop (moving
from W to E) a belt of vertical and near vertical dips is encountered. Fig. 3
shows the shape of this strueture. Pelitic schists with thin limestones and basic
bodieß dip rieneatk the c^uarrTite on the lo^ver Biopeß and are Been on the orker
side of the quartzite along the N face of the mountain. The rop part of the
mountain consists of highly tectonized, heavily (reddish-brown) weathered rock
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,1m .

Fig. 4. Field sketch of relationships at the early fold closure on the W slope
of Måskogai'si.

which seems to be granodioritic. This weathering colour is extremely character
istic for the whole ok this mountain block between here and Riep'pejav'ri, as
has been noted aireacjy by Pettersen (1870, p. 9).

As Figs. 1 and 2 show, rklB early fold is 1e1016e6 by anilclinorial kc>l6B of the
E limln of the Xitciaien-Lreici^alell antikorm, which 2180 trend in a general
NW-SE direction plunging to the NW at a moderate angle. The carl/ fold is
aiBo relolded by a very Zenrie tlexure rrenciinZ about NE-SW. This occurs about
half way along the W face of Goatte ras'sa (see Fig. 2). The fold closure is
characterized by intensive shearing and very contorted minor folding, and there
is a tendencv for the basic material in the c^uartTlte to be Zarnered in the lower
horizons whilst the upper part of the trough conBiBts of more pure Huarrxire
l^nan is normal.

'lne Becond exarnple concernß a recurnrienr ioid ourcropß acroßß rke
mounrainß ok and <^aß'lia3uorZlAai'Bl and no dour>c conrinueß lur
rker L and roo. clo3ure conßlßtinA ok 2 core ok sißßile kornblende Bckisr,

wirk peiiric Bcki3tß and limeßr«nes kolded round ir, 18 Been in an expvßed Po3i
cion kiZK on tke >V Bide ok (kiZ. 4). 'lke L Blde ok rkiß rnounrain
Kaß Bukkered a larZe landside ac tke poßirion ok eke conrinuation ok rki3 korn
blende Bckißr, and conßlßcß nioßrlv ok larZe unßtar>le boulder3 and dißplaced
bloclc3 ok Bolid roclc and eke acrual Bkape ok rke ourcrop K2B nor been derermined
vet. Lur on l^aß'l<aßuorZiZai'Bi a rkiclc Bucceßßion ok kornblende 3ckißt3 wirk
verv 3urx>ldinate pelicic and calcareous Kori^onß (Norddalen sckißt) overlie3
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Bckißtß and limeßconeß ok rke ?lateau I^imeztone l^roup and underlies more
scliists and limeßtone, in no dißiin^uißkar>le krom rke ?laceau I.imesrone

Bucceßßlon and verv lilce rkar kiZK on I'kiß lecumbenc kold l8re
kolded kv rke anriclinorial ok rke X^irdalen-Lreiddalen anrikorm.

The presence ok this recumbent fold, here, BeemB difficult to reconcile with
the succession seen in the E side of Markusfjellet. As the map (Fig. 1) shows
this conBiBtB of two thick horizons of typical Norddalen Schist with an inter -
vening thick quartzite, and underlain by Plateau Limestone rocks. The upper
horizon of nornblen6e Bcki3r is overiain by a Zranicic ZneiBBic Tone, wnick is
at present extensively snow covered except in the hollow between Markus
fjellet and Mannfjellet. I^o^vever, 3riclcinZ out of the Bnowkiel6 on the upper
slope is a large exposure (the structure symbol on the map) ok crystalline lime
stone of a type very characteristic for the Plateau Limestone lithology. The
quartzite, moreover, is to all appearances equivalent ro the quartzitic horizons
in the Plateau Limestone Group. No satisfactory explanation for the nature of
this succession has yet been evolved, but it is likely that very low angle
thrusting has played some part in its development. There are several slide-like
zones in the lower horizon ok the Norddalen Schist, and the lov/er junction
of the quartzite i8 a tectonic boundary - a cn2.l2.creriBric ok nearlv all ok the
major quartzite junctions seen in the Plateau Limestone Group. The close
proximirv ok rniB Bucce3Bion to the recumbenr fold cloBure on Måskogai'si may
be accounre6 for by poBrul2rinZ a slide kerxveen them, kut this will not be
discussed further at the present stage.

Unless the main quartzitic horizons of the Upper Allochthonous unit, in
cluded now within the Plateau Limestone Group, are really correlateable with
part of the lithology of the Lower Allochthonous unit, no part of that unit
occurs at a higher zrrucrurai level in the present area. It nevertheless shows
al)un6anr evidence of håving tåken part in the early severe isoclinal folding,
as recumbent and inclined, 3taclieci zig-zag kolci3 are krec^uenrlv Been on a minor
scale. Middle limbs are often sheared out. On the other hand the later 6ekor
mation is not 80 marked in the Lower Allochthonous unir, probably because
of the dying out of its effects at depth.

BtlucrureB related ro all rke major k0165 are kre^uenrlv or)Berve6. 'lke

majorirv ok rke minor kolci axe3 and rke mineral and orker linearionZ rrend
around Lur rrends ok anvtkinZ kenveen Kl-3 and ar>ouc L-^ are
common roo. kurrker diBcu33ion ok rke minor BcructureB will oe poBtponed
until 2 larer occaBion.

Ike tkruBt der^veen eke I.ower unir and rke underlvinZ
damblian BedimentB i 3xvell documenred in rke lirerarure ok rke daledonian



247

ckain. On rke orker hand evidence for a similar tectonic discordance above

what is termed the Lower Allochthonous unit in this paper, is contradictory.
Padget (1955) found no indication ok a discordance in the profile he studied
E of Helligskogen, but Skjerlie and Tan (1961, p. 189) kaun6 evi6ence for it
further E in Reisadalen. Kulling (1964, pp. 86 and 148) 5275 ckac a tectonic
break is not discernable locally in N Sweden.

The present mapping has revealed a marked tectonic discordance at the
top of the Lower Allochthonous unit at the head of 3iZnal62ien. Ir continues
in the area to the E roo, and was noted by Pettersen (1870, pp. 8-9) at the
S koor of Goatte ras' sa, though his interprerarion of the relationBnip of the
units is open ro question.

This thrust is dearly folded by the late NW-SE deformation phase, which,
28 ir to some extent affects both the thrust units along the same axial Iniez,
muBt poBr-6ate the niain rnru3tinZ. It is rnerekore liliely rnar the rnluBtinZ
can be correlated with a culminating stage of an ealiier isoclinal folding phase.

A summary of the Btluctulal history of the area, as far as ir has been
liizcernec! at cnis stage, max now be given.

The sub-vertical foliation of the Precambrian basement may be attributed to
a Precambrian orogenic phase, bur the local shearing and tectonizafion in the
kremene is pelk2ps rnozci^ 6erive6 from the dalecionian oroZen^. At least one
r,kaBe of isoclinai and lecurnbenr kolciinZ has akkecre6 the aUockrkonouB unitz.
This plastic deformation was 2ccomp2nie6 by 6iBlupti«n ok cert2in kori^ons,
notably at junctions between more and less competent rocks (e.g. the recronic
r>ounciarieB of the l^uarr^icic koli^ons).

Sliding and low angle thrusting roolc place during and after the early fold
phase. These structures are seen bark intraformationally and bounding the
lower thrust unit.

These structures were refolded by more or less open folds trending mostly
NW-SE and about NE-SW, which may or may not have been formed during
one and the same folding phase.

Regional Implications

Considering the paucity ok recent published data on the Caledonides of
Troms and neiZkbourinZ reZionB, and the con3icierable 6ikkerenceB between the
ploviBional reBult3 of the present mappinZ and tkose of orker workers in much
of the region, it may be rather premature to try and draw far-reaching corre
lations. However, ir seems appropriate co make a few suggestions which can
be tested and confirmed or disproved by degrees as the mapping ok the region
becomes more complete, and isolated areas are linked up. Kulling (1964) has



248

aiBo artempred Borne broa6 collelationB, benveen 1^ 3we6en and 5?

'lkere zeemB lirrie room for doubc tkat at least one early period of isoclinal
folding with accompanying thrusting has tåken place on a fairly large scale
in the present area. I^iiB folding period (if only one) can scarcely be confined
to an area of 700 sq. km or 80, and must therefore be identifiable in the
surrounding region when the right localities are hit upon and when more
continuous mapping of individual horizons is accomplished. Ball, Gunn,
Hooper and Lewis (1963) have recoZni^eci a Birnilar fold episode (F ) in the
Loppa-Øksfjord district, further NE. The Bedford College (London) group
working in the Sørøy region, still further NE, have also i6encikie6 an early
recumbent folding phase (see e.g. Dr. B. A. Sturt's comments (pp. 107-8)
in the discussion after Rutland anc! Nicholson 1965).

Thus an implication from the present discoveries and those in Øksfjord and
3^l^jv is rnac tnere has probabi^ been an early isoclinal folding phase in the
Birtavarre area also. This implies that stratigraphical repetition, unrecognized
during rne Birtavarre mapping, may be present there. My own observations,
from a Bnorc exciilBion in tne Abmelasvag'gi rirolile, E of Manndalen in the
Birtavarre district, reveal that the Big Limestone succession there is indistin
guishable from the Plateau Limestone succession described in rniB Paper,
Furthermore, the very characteristic calc-silicate schist of the Norddalen Schist
is the dominant rock type in the Guolas Limestone in that profile. The hazard
a ZueBB at xvnicn unitB may in lacr be ler>otition3 of eacn orner in the Virra
varre area, I would BuZZeBc rnar the 3cniBrB-^virn-rniN'l.im>eBroneB mav be
equivalent to the Big Limestone.

Il wc look further afield, to the SW, wc may cite a calc-silicate schist (etc.)
BucceBBion of exacriv rne same appearance in rne kiel<l to that in the Norddalen
Schist, found in considerable thickness in the E side of Kirkesdalen (near
Bjørkås).

We may now look at the "sparagmite" problem. Padget (1955) named rocks
in Skibotndalen, that I nave called banded phyllonite, Sparagmite Schists, and
correlated them with the Eocambrian feldspathic quartzites which are sup
posedly extremely extensive in their metamorphic state, from the N coast of
Finnmark through Sweden and Norway for hundreds of kilometres southwards.
The lower quartzite zone of the Målselv area (Landmark 1959) is believed
to represent the Eocambrian Sparagmite (Landmark, personal communication) .
As stated earlier (p. 236) Skjerlie and Tan (1961) have also proposed the
same correlation for similar rocks in inner Reisadalen. Kulling (1964, pp.
127-8, 161-2) has east doubt on Padget's and Skjerlie and Tan's correlations,
and even on the idenrikicarion of the original, pre-meramorpkic, material,
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stating that apparently identical rocks in tke Påltsa area (arnonZ elsewhere) of
N Sweden consist of fine grained gneisses, granites and syenites. He states
furthermore, that elsewhere in N Sweden there are kine grained overthrust
feldspathic rocks which are leptitic gneisses, granites, and sediments of the
Precambrian Sjofall Series. Kulling then suggests that the above sparagmitic
schists of inner Troms are older than Eocambrian and probably mostly or
wholly non-sedimentary in origin. He parrl^ useß the evi6ence of the Zreen
zck,ißtß described within the sparagmitic schist by Skjerlie and Tan to deny a
Caledonian age for the unit, and it may be remarked that these Zreenßckißtß
could perhaps be represented in Skibotndalen by the basic phyllitic belt. I have
not vet, as Btare6 previoußiv, koun6 any basis for definitely determining the
original character of the major varieties of the phyllonitic rock. Though various
kearureß BuZZeßt tkat it may be a meta-sedimentary rock, the only slight varia
tion in plagioclase composition and the presence of allanite rna/ point to an
acid eruptive parent rock. If tkis large area of problematic rock is really of
rire-^ocarnbrian age the implication is that the same applies to the rest ok the
adjoining belt to the NE (e.g. Strand 1960, pp. 270-1) which is generally cor
related with sedimentary Eocambrian rocks of easrern N Norway and S Norway.

On tke baBiB ok tkiB Zenerailv accepte6 rkeorv, 3.amBav an6
3turt (1965) kave accepte6 an aZe kor rke rneta sedirnenrarv
3ucceBBion ok 3fjlsijv.

The lovvest part of rkiB, termed the Klubben Quartzite, is white and grey,
partly feldspathic, quartzites and quartz schists, with micaceous layers, and
bears some similarity to rock seen on the E side of Lyngenfjord, NE of
Kvesmenes (Landmark, personal communication) and at the head of Ullsfjord.
I'ki3 latter possibility has also been thought likely by Dr. D. Roberts (perso
nal communication) who has made a close study of the Klubben Quartzite.
Part ok the Ullsfjord succession has been described by Randall (1959) under
the nåme of Quartzite Series and this as he admits is scarcely distinguishable
from KiB Blue Schist Group in this part of his area.

Green, fine grained, tectonized quartzo-feldspathic rock similar to horizons
in tke Lower Allochthonous unit, i3 2130 present at the head of Ullsfjord. At
tke 3 end of Nord Fugløy (Linns, in prepararion) is a quartzitic succession
that bears strong resemblance to these rocks in Lyngenfjord, Ullsfjord and
on Sørøy.

Well over 2000 m of the Upper Allochthonous rocks separate the Lower
Allochthonous phyllonites from these quartzo-feldspathic schists and quartzites
of Lyngenfjord and Ullsfjord. If the Lower Allochthonous unit does not prove
to be wholly of Precambrian age the thrusting and overfolding recognized
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in the area described in rniß paper, may enable this to be correlated with these
quartzitic rocks. Only a more extensive field and laboratory study can con
firm this.
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A preliminary note on the geology of the area between
Altevatn and Målselva, Indre Troms, N. Norway

By

Feiko Kalsbeek1) and Niels Østerby Olesen1)

Abstract

An area of approx. 1,600 square kilometres in Indre Troms, N. Norway, has
been geologically mapped. The area is built up of 1) granites and migmatites of
ihe basement, overlain by 2) non-metamorphic sediments of the Hyolithus
zone, on which, in overthrust position, rest 3) metamorphic Caledonian rocks.
The overthrust Caledonian rocks have been divided into three 'sequences',
which may represent different thrust sheets. The most common rocks and
structures found in the three sequences are given in table I, and illustrated
in the profiles of figures 2 and 3. Fig. 1 shows a sketch map of the area.

Introduction

During the summers of 1965 and 1966 an area of approx. 1,600 square
kilometres in Indre Troms, N. Norway, was geologically mapped by students
ok the Geological Institute of Aarhus University. This mapping karmel part
of an exploration program of A.S. Sydvaranger, mining company2). Although
the mappinZ is not ver compiete^ (we reckon to be able ro finish the map in
1967, while local detail problems probably will require prolonZe6 fieldwork)
it seems worth-while to report some of the results, arrived at during the first
two summers, in this note.

The investigated area, which lies in northern Norway, is located between
latitudes 68° 30' and 69° and between longitudes 19° and 20° 15', approx.
120 km SSE ok Tromsø and 80 km ENE of Narvik. The area mapped until

*) Geologisk Institut, Aarhus Universitet, Aarhus, Denmark.
2 ) Our sincere thanks are due to A.S. Sydvaranger for the opportunity it gave us to

investigate this interesting area. Although, of course, the company was mainly interested
in the economical aspects of the investigations, wc had complete freedom to pursue our
own scientific interests. Especially wc appreciate the cooperation of Hr. bergingeniør
Andreas Eriksen of A.S. Sydvaranger and his kind help in many matters of technical
importance.
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now is limited to the south by Altevatn, to the east by the Norwegian-Swedish
boundary, to the north by Rostaelva and Målselva, and to the west by a line
through Kirkesdalen to the northwestern rip ok Altevatn.

Geologically speaking, cke area rnappe6 is situated in the marginal zone of
the Caledonian mountain chain, where the rocks of the Caledonian chain overlie
the granites and migmatites of the Precambrian basement.

As a topographical base for the mapping the maps on a 1 : 50,000 Bcale of
Norges Geografiske Oppmåling and aerial photograps on a scale ok approx.
1 : 20,000 of Widerøe's Flyveselskab were used.

The mapping was done at a rate of approx. 200 km2 per man per summer
lasting 2M> months. At tkiB rate, a fairly good covering ok most of the area
is possible because, in general the stratigraphy of the area is reiarively simple
and because rather large parts ok the area are almost completely coveret by
Quaternary deposits.

Apart from the two authors of this report, the following students ok the
Geological Department of the Aarhus University roolc part in the rn2ripinZ:
Holger L. Andersen and Peter B. Sørensen in 1965, Arvid H. Mortensen and
Niels F. Schrøder in 1966. All ok these contributed essentially to the results
reporrec! nere.

Mainlines of tectonics and stratigraphy in the investigated area

Fig. 1 gives a very simplified geological sketch of the area mapped. The
most southeastern part of the area is mainly built up of Precambrian granites
and migmatites (in the following shortly called the 'basement'). On rop
of these granites etc, non-metamorphic sediments (arkoses, conglomerates,
quartzites and shales) of the Hyolithus zone, up to approx. 150 m thick, occur.
On rop of ckeBe non-metarnorpnic Be6inienrB and 3epar2re6 from them by a
clearly tectonic contact, 2 thick sequence of metamorphic rocks (a.o. mica
r/chists, amphibolites and metagabbros, marbles, quartzites) is found. This
sequence attains an estimated thickness of approx. 2,500 m in the central
part of the area.

'lke kacr ckat ckeBe scniBtB (okten containinZ Icyanice an 6Btaurolite), an6

ocker kairiy niZn-Zra^e rnerarnorpnic roclcB, lic on top ok non-rnerarnorpnic
i>ec!inientB, proves ckar eke kormer nave been ckruBte6 on rop ok eke latter.

In tke 30uckern part ok eke 2re2 rke rop ok eke b2sernent, wick i« cover ok

Hyolickus Tone se6ilnentB, <lipB Zenrly (eBtim2re6 2ver2Ze 6ip approx. 2°)
tn^v2l6B Ks^, an66isappe2lB un6er eke Burkace. In Oivi6alen, tke ba3ement

an6tiyolickuB Be6imenrB appear on rke Burk2ce aZain in an 2pprox. 9 Icm
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Fig. 1. Geological sketch map of the investigated area,

1. Basement. Mainly granitic rocks and migmatites
2. Hyolithus zone sediments.

3-5. Rocks of the lower sequence. 3. Low gråde rocks (without visible biotite), mainly
Icaliirites, pli^iloniteg and m^lc>niiesi probably normal lc»^v gråde sec!imentB are
also present. 4. Rocks of higher metamorphic gråde (with biotite). 5. Main out
crops of amphibolite and meta-gabbro.

6. Rocks of the middle sequence,
7. Rocks of the upper sequence.

The signatures for the rocks of the lower sequence roughly indicate the outcrop
pattern of the formations mapped. It should be noted that ckiB outcrop pattern is mainly
determined by the topography of the area, the bedding mostly bein? subhorizontal.

Topographical abbreviations: A: Alappen. B: Bangfjellet. Br.: Brattlifjellet. H: Haba
fjellet. J: Jerta/Litle Jerta. K: Kistefjell . M: Middagsfjell. N: Njunis. R: Ruten.
S: 8t«rljeII. Bv.: 3vortberZet.
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lonZ >vin6ov^), rken, ro^var6B N, rkev 6is2ppe2l under cke valle^ bottom for
a distance of some 20 km, reappearing again in a large window on bork sides
of Målselva. This window has been described by Berthelsen (this issue) and has
been called the Mauken window. Also along Målselva Hyolithus zone sedi
ments have been found on top of the basement rocks, bur here they are much
thinner (approx. 20 m), and generally also more strongly tectonized than in
the southern part of the area. We have good reasons to assume that the Hyo
lithus zone sediments in the Mauken window and those in the southern part
of the area form a continuous horizon, and this would mean that the overlying
metamorphic rocks form a continuous sheet, thrust over the underlying sedi
ments for a distance ok at least 50 km.

Apart from the main thrust plane between the Hyolithus zone sediments
and the overlying rocks, the exiBtence of 3everal orker important rkruBc pianes
has been proved, and it is probable that many rkruBt planeB of minor inipor
rance are present.

During our mapping we have subdivided the rocks in the area into a number
of formations which can be arranZe6 inro rkree 3ec^uenceB, eack of which
locally shows clear tectonic contacts with the underlying rocks. It is possible
that we are dealing with three different thrust sheets or nappes. Locally, there
is 2 clear discordance at the bottom of these 'nappes', bur e^e^kere cke
conraccB wirk the un^erlvinZ kollnarionB are concorcianr, and rken it i8 6ikkiculr
to verikv whether one K2B to do with a normal or a recronic conracr. For the

time beinK, it seems best to call these units neutrally the lower, the middle and
the upper sequence. Table I gives an insight into the lithological character
and the tectonic style of these three 'sequences'.

In the koiioxvinS paZeB a more detailed discussion of the stratigraphy and
structures within the lower two sequences will be given.

The lower sequence
On Jerta and Litle Jerta mountains in the SE part ok rke area (indicated

with J on rke map of Fig. 1) a good section through the lower part ok the
larver sequence is found.

'lke kollowinZ unitB (kollnarionB) can be niappe6.
(8) c^uart^itic BckiBtB).

?) 2"^ ampkiboiite, xvitk ban^B 2n6 inclusionB ok sckiBtB 2n6 rnarbie.
6) (Zarner-) rnicaBckiBts, kairlv coarBe Zraineci.

i) This window has been described by Gustavson (1963), but Gustavsons accompa-
nying sketch map, in some respects, 6oeB not aZree xvitk oul findings.
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lable I. Klam lirnoioZical an6Brructural keatureB ok me roclc3 in me tkree

Hyolithus zone sediments and basement rocks.

5) l st amphibolite, strongly foliated and lineated, often containing
'augen' of feldspar and hornblende.

4) augen-schists and -gneisses.
3) (garnet-) micaschists.
2) low-grade schists, partly 'Hartschiefer'.
1) (granite-) kakirites and -mylonites.
0) Hyolithus zone and basement rocks.

In the southwestern part of the area the higher part of the lower sequence
is well represented. A formation consisting of schists, marble and amphibolites,
which can be correlated with formation 7 in the Jerta area, is here overlain by

10 etc) Several formations mainly consisting of micaschists
9) 3 rd amphibolite.
8) fine-grained micaschists.

The rock types in the different formations have not yet been investigated
in detail and tne origin of some of them is as yet unclear. The low-grade
scnißtß (2) are at least partly of mylonitic origin (Hartschiefer being common),

'sequences' of Caledonian overthrust rocks.
111 Rocks of the Upper seguence At the base approx. 100 m mic2scniBtB,

kol6inZ, on a minor scale, marbles and amphibolites. Thereover mainly
rarely observed. garnet-micaschists, in the larver few hund-

red metres without marble, higher up with
marble bands. Amphibolites rare. Max.
exposed thickness approx. 800 m.

Thrustplane locally evident

// Rocks of the Middle sequence Garnet-micaschists (with local occurrence
Large scale isoclinal recumbent folds of staurolite and kyanite), marbles and
with axes trending WNW-ESE. Linea- quartzites. Amphibolites rare. Max. ckick-
tion, with WNW-ESE trend, common. ness approx. 900 m.
Refolding on N-S, NW-SE and NE-SW
trending axes.

Thrustplane locally evident

I Rocks of the I<ou^ sequence Qranite tcakirites, pnyllonitez and myloni-
Minor tnruBtB common. Large Bcale teB coliuuon in the larver part, toZetner
tnriiBtB possibly present. Isoclinal and with low-grade BckiBtB of probable sedi-
open folds, on a minor scale, with mentary origin in which locally lenses
axes trending in vårting directions. and bands of dolomite occur. Higher up
Large scale open folds mostly with predominantly micaschists and amphibo-
N-S and WNW-ESE trending axes. lites. Marbles subordinate. Max. inickneBB
Lineation common in WNW-ESE di- approx. 1,000 m.
rection.

MAIN THRUSTPLANE
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but some seem to be normal low-grade metamorphic sedimentary rocks 1 ).
The (garnet-) micaßckißtß ok the formation 3 locally still have phyllonitic
characteristics but those of the formation 6 and higher schist formations are
certainly normal metasediments. The auZen Bckißtß and gneisses (4) have
Btl«nKlv mylonitic textures, bur contrary to rke rocks in rke formations 1 and
2 they are completely recrystallized. The rocks may contain large amounts of
alkali kel6Bpar, and Bome of ckeni niiZkr be orrnoZnelßßeß. The oriZin
of the lst gmpniooiite is not evident bur in the arnpnit)oliteß ok the forma
tion 7, and locally in those of formation 9, remnant igneous textures have
been found.

In the Jerta area the formations dip towards NW, with a dip steeper than
that of the underlying Hyolithus Tone sediments and the rop of the basement.
Towards NW the high-grade formations thin out and disappear above (or
into) the formation of the low-grade rocks (see Fig. 2). The latter attain a
thickness of approx. 1,000 m in tke area N and NW of Jerta.

At rnanv other places in the area the same stratigraphical succession as on
jerta and Litle Jerta has been found. The amphibolite sheet which forms the
top of Kistefjell (K on the map ok Fig. 1), for example, is underlain by augen
schists and -gneisses and must, therefore, probably be correlated with the
l st amrikiboiire of Jerta.

In Sandelvdalen, between Njunis and Langhell (indicated with N and B
resp. in Fig. 1) the whole succession ok Jerta is again found. Here, however,
the '2 nd amphibolite' attains a thickness of up to 500 m, or more, and buiids
up most of Bangfjell and the Njunis massif. In the amphibolites of Njunis
and Bangfjell the igneous (gabbroic) textures are locally well preserved, and
ir i8 clear that one is dealing with rocks ok intrusive origin.

Also in the northern part of rke area, bork in Dividaien and south of the
Mauken window along Målselva, the Jerta BtratiZlapkv is locaiiv kound back.
Especially the characteristic association ok augen-gneisses with (augen-) amphi
bolites often serves as a stratigraphic marker. Often the Jerta stratigraphy
is not complere, one or Beveral korinarions beinZ very rkin or abBenr.

Baicl bekore, eke kiZK-Zra6e rnerarnorpkic kormarionB ok an 6Litle

)erta 6iBappear to rke norrkweBt, bur Borne 10 Icrn ro tke norrk, on eke ea3tern
3lcle ok Diviciaien, tke/ reappear aZain ar an airitude ok approx. 900 m,
kairlv steep s^V^ <lip3 (approx. 40°). reperirion ok rke Brrarigrapkv - an6
2 kew analogouB caBeB - are PoB3iblv 6ue ro rkruBtinZ ok tke kiZK-Zra6e korrna-

*) Even in thin seclic»n it is often difficult to see whether one is dealing with normal
phyllkes or with rocks of inylonitic oriZin.
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E

tions over the low-grade rocks.
The wedging out of the high
grade metamorphic formations on
Jerta and Litle Jerta (Fig. 2) is
also possibly caused by thrust
movements. There are several
indications that intensive thrust

ing has tåken place at many
places in the lower sequence,
Buck as the common occurrence

of tectonic discordances and my
lonite zones, and the local occur
rence of granite kakirites (thrust)
on rop of meta-sedimentary
rocks (marbles and normal mica
schists).
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different formations He subhorizontal, or slightly inclined, over large distances,
and do not show signs of large scale folding. On a minor scale both isoclinal
kol6s and more open folds are commonly present. The axes of these folds have
low plunges in almost any direction. It KaB been observed in many instances
tkat the loliarion of the sckisrs etc. is an axial plane foliation belonging to
some of the isoclinal folds. In other cases, however, the foliation itself is folded,
born in izociinai and in more open folds.

Several large folds with amplitudes of up to several km have been mapped.
These have subhorizontal axes with WNW-ESE or N-S trends. In both cases

it is the foliation of the schists etc. that has been folded - only locally a new
foliation starts to develop in relation to the folds.

Unlike the measured fold axes in the lower sequence, the measured linea
tions trend WNW-ESE with few exceptions. Commonly there i8 a clear con
nection between this lineation and local folds with WNW-ESE axes. Often the

lineation is a distinct mineral lineation. In the amphibolites of the formation
5 of rke Jerta section, for example, a distinct hornblende lineation in WNW
ESE direction i8 common. In view of these facts we do not believe that the

lineation in this direction is due to the thrusting of rke metamorphic rocks
over rke basement and Hyolithus zone rocks, (comp. Kvale, 1953). It is evident
that the metamorphism of the rocks must have tåken place before they were
thrust on top of the non-metamorphic Hyolithus zone sediments, and a linea
tion due to the orientation of metamorphic minerals must therefore be older
than these thrust movements. The common occurrence of the lineation in

rocks folded on WNW-ESE axes indicates a relation between the folding anc!
the lineation.

The middle sequence
The middle sequence consists of metamorphic rocks whose sedimentary

origin is evident. Micaschists, marbles and quartzites are the most common
rock types. It has been possible to divide rke sequence in a number of forma
tions, which can be mapped through parts of the area. Due to the complex
structures and to the kacr rkar several of the formations are lithologically more
or less identical, however, mapping of the formations is difficult and correla
tions between different parts of rke area sometimes hazardous. The best defined
formation in rke middle sequence consists of homogeneous, thick-bedded,
approx. 200 m rkiclc c^uartTires, håving fairly sharp contacts with the under
lying and overlying formations. This quartzite formation can be mapped over
long distances, and ir is largely due to these quartzites that we have come to
a fairly good understanding of the structures in the middle sequence.
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The middle sequence seems to be built up of a pile of large scale isoclinal
recumbent folds with subhorizontal WNW-ESE trending axes. The quartzite
formation very clearly marks one of these folds (see Fig. 3). The hinge of this
fold runs through Ruten mountain (indicated with R in Fig. 1), and toward
ESE. N of Rostadalen thick-bedded quartzites occur at two levels, separated
by some 700 m of schists and marbles. Wc think that these quartzites form
the limbs of a large recumbent fold (see Fig. 3).

Since the rocks of the middle sequence are completely recrystallized, original
sedimentary structures are only seldom recognizable. In the schists relict graded
bedding has deen locall^ recoZni2e6, and in the quartzites sttucnileB have keen
found which possibly may be interpreted as remnants of original cross bedding.
Both phenomena indicate that the quartzites in the upper limb of the isoclinal
fold lic in their normal position, whereas those in the lower limb are over
turned. This conclusion is based on only a few observations in strongly folded
rocks and should therefore be treated with caution.

Also on Alappen and Storfjell (indicated with A and S in Fig. 1) large
isoclinal folds with the same axial trends are found. Minor isoclinal folds and

paraBitic kol6B with axial trends between W-E and NW-SE, bur generally in
WNW-ESE direction, are common.

Inc larZe recumbenc k0165 Zeneraiiv kol 62 preexiBrinZ BcniBtoBicv ok cne
BcniBiB, bur a new BcniBroBirv, parailei ilvirk rke axi2i p!aneB ok rke iBvclin2l
recumbenr kol6B i8okren more or leBB cleariv preBenr. 6izrincr 'Y^l^''L3L

rren6inZ mineral linearion in rke 6ikkerenc rocl!8 i8paraiiei wirk rke axeB ok rke
iBoclin2l k0165, an 6i 8obviouBiv relare6 '«virk rke iBoclinal kol6inZ. In 2 kew

ourcropB a BtronZlv recconi-e^ conZiomerare K2B been koun6 in wkick rke

pebbleB are cle2llv Btrercke6 (ro 5-10 rimeB rkeir oriZin2i lenZrk) in rke Barne
6irecrion in wkick aiBo rke mineral line2rionB 2re koun6.

In rke mi66le Be<^uence l2tker BM2II isoclin2i kol6B loc2llv occur wkick are

ulcler') rk2n rke large Bcale recumbenr ko!68. 'lke 10168 Zive riBe ro an axi2l
pl2ne BcklBrosirv in rke rocin. "ske axeB ok rkeBe ko!68 kave variable rren6B.

kol6z vounZer^) rkan eke larZe recumbenr kol6z are ok common occurrence.
IkeBe kol6B cauBe 2 crenul2tion ok rke e2llier korme6 BckiBroBitv. 'lkev ranZe
in Bi^e krom a kew merreB ro several renB ok merre3. In moBr case3 rkev are roa

3mall ro zkow on a 1 1 50,000 map.

kirBr 3iZkr rke axeB ok rke3e låre kol6B Beem ro narrer in all 6irecrions. bur
2 more 6ecaile6 inveBriZarion zeem3 ro juBrikx rkeir 3ub6iviBion inro rkree

AroupB, wirk axeB rren6inZ rouZklv in an 6 6irecrions

*) Arguments for these age relationships will be given in a later paper.
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There are indications that the folds with N-S trending axes are the oldest, and
those with NE-SW trending axes the youngest of these larer folds. The folds
have in most caBe3 rnuck rne same Btvle, rke^ Zeneraii^ cc>nBiBt of a subhori
zontal and a subvertical flank.

There is a good correspondence between the structures in the middle and
the lower sequences. In both folding on WNW-ESE axes gives rise to a strong
Hneation in the rocks, but large scale recumbent folds on WNW-ESE axes
have as yet only been found with certainty in the middle sequence. In born
sequences folds have been found that are older man the folding on WNW
ESE axes. Younger folds with different axial trends are übiquitous in born
sequences. These folds may become quite large (up to several km) in the lower
sequence, whereas in the middle sequence they are generally much smaller.
Also the subdivision of the younger folds into several groups with different
axial trends seems to be much the same in the two sequences.
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Lokalglaciasjon på Sunnmøre
(On the Mountain Glaciation of Sunnmøre, West Norway)

Ay
Arne J. Reite.

Abstract

Terminal moraines deposited by cirque giaciers are described from Sunn
møre, West Norway.

Radiocarbon dating indicates that the fjord districts were free from inland
ice in Allerød time. The mountain glaciation most likely occurred in Younger
Dr^2B time, when the glaciation limit was situated 600 m lower than today.

Innledning

Arbeidet er utført ved Geologisk institutt, Universitetet i Bergen, og ved
Norges geologiske undersøkelse. Jeg vil takke dem som har hjulpet meg under
arbeidet, både ved stimulerende diskusjoner og med rentegning av kart og
diagrammer. En særlig takk til dosent dr. philos. H. Holtedahl og professor
dr. philos. U. HaiBten.

Kyststrøkene på Sunnmøre består av et undulerende platå, oppdelt av fjor
der og sund. Hvor fjellene er høyere enn 500 m fins godt utviklede botner,
særlig i tilknytning til den flere hundre meter høye brattskrenten innenfor
strandflaten.

I de høyeste fjellområdene i midtre fjordstrøk har botnbreene erodert seg
så langt tilbake at det bare står igjen egger og horn mellom tilstøtende botner.
I lavere fjelltrakter og i indre Sunnmøre er botnutviklingen kommet kortere.

Randmorener avsatt av lokalbreer viser at glaciasjonsgrensen en gang i
sen- eller postglacial tid ble senket tilstrekkelig til at botnbreer kunne dannes.
Noen av bretungene har nådd helt ned til datidens havnivå og lagt opp store
randmorener. Det er da oftest mulig på grunnlag av marine terrasser i more
nene å foreta en datering av breframstøtet i forhold til bestemte strandlinje
nivåer. Disse randmorenene vil bli beskrevet forholdsvis inngående, mens
andre blir omtalt mer summarisk.
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Fig. 1. Oversiktskart over Sunnmøre.

Sketch map of Sunnmøre. Legend: 1. Locality where Tapes transgression has been
found. 2. Chert and Oslo rock material found below upper marine limit. 3. Otbet

areas with terminal moraines deposited by cirque glaciers.
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Fig. 2. Kartskisse over Hareidlandet.

Sketcb map of Hareidlandet. Legend: 1. Terminal moraine deposited by cirque glader,
2. Cirque. 3- Altitude of mountains (in metres).
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Eldre arbeider.

De kleste livartXrAeoioZislce arlxidel kra 3unnm^re riekandler vesencliZ
rerrassemalinZer oZ slcielloanlcene, oZ omkaccer derkor storr sett riare de deler
av dalene som liZAer under deri senZlaciale marine Zrense.

Kaldhol (1930, 1946) har omtalt randmorener avsatt av botnbreer i Sykk
ylven (fig. 1). Han mente at disse var avsatt i ratid, som han parallelliserte
med Wurm-istiden. Han var oppmerksom på at de høyeste marine terrasser
i randmorener avsatt av lokalbreer er betydelig lavere enn ellers i dette fjord
området, og påviste også et plutselig fall i den marine grense i indre deler
av Storfjorden.

Heltzen (1948) har behandlet morfologien i Lauparenområdet på nordsiden
av Storfjorden (fig. 1). Han finner randmorener avsatt av lokalbreer, men
ingen av disse har nådd ned til havnivå.

3tr^m (19)6 nar rieslcrevet randmorener lra (leiranZerrralctene, men det er
ildce Iciarr om disse er avsatt av rx>rnr)leel eller l^retunZer lra innlandsisen.

lioltedanl (1960) nar omtalt en relclce randmorener avsatt av rx)tnbreer papa

givene pa oZ mener ar de r^der pa sa lav ZiaciasionsZrense at de
neppe Ican vgere avsatt senere enn i VnZre Dr^as tid.

Regional beskrivelse

Randmorenene på Hareidlandet.
I dalføret innenfor Flø er to meget tydelige randmorener (fig. 2). Den

nederste av disse demmer opp et lite vatn. Den 3—63—6 m høye, blokkrike more
neryggen kan følges sammenhengende rundt storparten av vatnet. Den andre
randmorenen ligger i en bue rundt nedre del av Brødrevatnet og demmer opp
dette (fig. 3). Morenen er avsatt av en bre som har ligget i en forsenkning
omgitt av 600 m høye fjell.

Mellom 3neldekorn oZ 3iZnalkorn er en randmorene som sannsvnliZvis cc
avsatt av en bornbre. vet samme er tillelle mellom BiZnalkorn oZ 3lcolmen,

men disse morenene er ilclce sa t^deliZe som de andre pa tiareidlandet. Det

ser oZsa ur ril a ka V3ert en bre i botnen kvor klOvatn liZZer. VrerunZen kar
trolig nådd kelt ned ril kavniva.

I^enZer s^d pa Hareidlandet er der en tydelig randmorene koran en liten
lx)tn pa nordsiden av det Icnapc ?()0 m k^lve kjell klana.

Randmorenene på Sula (fig. 4).
På nordsiden av Sula har tre botnbreer rykket fram helt ned til havnivå og

avsatt store randmorener. Den østligste av morenene ligger ved Langevåg.
Sidemorenene kan følges nokså langt oppover mot en botn pa nordsiden av
Tverrfjell.
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Fig. 3. Randmorenen ved Brødrevatnet.
The terminal moraine at Brødrevatnet.

Snitt i randmorenen viser at den til dels består av glacifluvialt materiale
med regelmessige skrålag som faller mot Hessafjorden (fig. 5). Over der glaci
fluviale materialet ligger med meget skarp begrensning morenemateriale med
6 m mektighet. Det er ingen forstyrrelser i grenseflaten som ligger 22 m o.h.
Kornfordelingen av materialet vil framgå av fig. 6.

Randmorenens beliggenhet viser at det ikke var en fjordbre i Hessafjorden
på den tid botnbreen rykket fram. Det glacifluviale materialet kan være avsatt
under innlandsisens avsmeltning eller det kan være et delta som ble bygget
ut i en tid med voksende botnbreer i Tverrfjellområdet. Senere har breen
rykket fram og glidd over en del av deltaet.

Vest for Sandvik har en bre fra en botn i den steile brattskrenten innenfor

strandflaten nådd helt ned til havnivå. Sidemorenene er meget tydelige. More
nematerialets kornfordeling framgår av fig. 6.

I den vestligste sidemorenen er en tydelig abrasjonsterrasse 21 m o.h. De
skarpt ryggformete sidemorenene som fortsetter ned til denne høyde viser at
havet ikke kan ha stått høyere enn dette etter at randmorenen ble avsatt. Også
utenom randmorenen er en meget tydelig terrasse i samme høyde.

I^oen nundre merer lenger veBt er der en randmorene av Bamme rype (kig. ?).
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Fig. 4. Kartskisse over Sula.

Sketch map of Sula. Legend: See fig. 2.

Randmorenen har en markert ryggform og når ned til 24 mo.h. Dersom havet
etter morenens dannelse hadde nådd så høyt som dette, ville sidemorenene uten
tvil ha blitt utjevnet, da havet her star på med stor kraft.

Høyden av abrasjonsterrassen i den midtre randmorenen på Sula er omtrent
den samme som høyden av det Ziacilluviale materialet i randmorenen i Lange
våg. Dette kan tyde på at det glacifluviale materialet er et delta som bie dan
net kort tid før breen fra Tverrfjell rykket fram.

Randmorenene i Sykkylven.
I dette området er tallrike, meZer tvdeliZe randmorener avgått av botnbreer.

av breene nar nådd nelt ned til navniva. VeliZZenneren av morenene
viser at det ilclce var en Hordbre i 3vlclcvlvs^iolden under lirelramst^tet.

Halvøya mellom Sykkylvsfjorden og Hjørundfjorden (fig. 8).
I dalføret innenfor Hundeidvik er en randmorene 2 km fra fjorden, avsatt

av en bre som har kommet fra noen botner lenger inne i dalføret. Morene
ryggen er 3—lo3—10 m høy og består av blokkrikt materiale. Den kan følges
minst 500 m.

?a nordsiden 2v 3lcor,snorn iinnes store l2ndmorener lor2n botnene. R.and

morenen rundt BXtBvatna er mindre tvdeliZ enn de andre, men det Blcvldes i
nvert iall delviB ar dec er Zanzlce dvri corvmvr utenfor morenen. Inne i botnen
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Fig. 5. Snitt i randmorenen i Langevåg.
Section in the terminal moraine at Langevåg.

er sidemorenene rvdelige. Botnbreens mektighet ser ut til å ha vært mer
enn 100 m.

På Riksheim er en stor randmorene avsatt av en 6 km lang dalbre som har
kommet fra noen botner helt over mot Hjørundfjorden. Sidemorenene kan
følges til 400 m høyde. Videre innover dalen er dalsidene så bratte ar morene
materialet ikke er blitt liggende. I dette dalføret er det tydelige BlcnrinZsBrririer
i NØ-lig retning. Godt utformete støt- og lezider viser at denne iBbevegeiBen
har vært langvarig.

Randmorenen beBtar tor det meBte av biolclililir, gru3koldig morenemareriaie

(iig. 6), men der er ogBa en del linBer av glaciiiuviair materiale.
den nordligBte Bidemorenen er er Brorr deira. Hevden av deiraers

lramlcanc er 49 m 0.n., toppen P2, deltaet ligger 51 m o.n. ver beBtar av gruB

og 82nd, lagningen viser et regelmeBBig iall mot M. Ber
derkor ut til a na VXlt kra R.ilcBneimdalen. Deltaet glenser til Bidemorenen,

men da Blcilclcelige snitt mangler er det ildce mulig a avgjere om det fortBetter
inn under denne.

Il.ilcBneimelva kar na slcarec Bcg gjennom morenen. 3vd kor elva er dec i
randmorenen en Bior rerrasse som uten tvil er dannet ved at elva kar planert
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Fig. 6. Kornfordelingsdiagram.
Grain-size distribution.

morenen. Høyden av terrassen er 49 mo.h., og da dette stedet ligger like ved
fjorden angir terrassen den marine grense den tid elva hadde sitt løp her.
Akkumulasjonen av deltaet og dannelsen av elveterrassen har derfor trolig
skjedd på omtrent samme tid.

3idem«renene nar en markert rvZZlurm oZ bortsetter nedover til ca. 59 m o.n.
Dette rvder ria at navet ilclce nar stacc nsilvere enn 59 m etter at randmorenen
ole avsatt.

?a 3tl2nmsneim er en randmorene avsatt av en bre som nar Icommet sra

io riorner nordsiden av kjeller I^rolllcvrllia. I denne morenen er in^en
rvdeliZe terrasser.
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Fig. 7. Den vestlige randmorenen på Sula.
The ivesternmost terminal moraine on Sula.

Sidemorenene er opptil 50 m høye og kan følges sammenhengende et par
km til 400 m høyde. Lenger inne i botnen er en 200 m lang morenerygg som
trolig er en del av sidemorenen.

Randmorenene i Velledalen (fig. 9).
I Velledalen er en rekke randmorener avsatt av botnbreer som har kommet

fra de opptil 1600 m høye fjellene vest for dalen. På den tid breframstøtet
skjedde, nådde en fjordarm langt opp gjennom dalføret.

Randmorenen på Fet er avsatt av en bre som har kommet fra en forsenk
ning i fjellsiden innenfor. Den nordligste sidemorenen kan følges til 500 m
høyde. Inn mot fjellsiden mellom sidemorenene er en ganske stor forhøyning
av storblokkig materiale, som trolig har rast ned fra en hengende riotnbre
etter at breen trakk seg tilbake fra sin maksimale utbredelse.

I randmorenen er en ganske tydelig terrasse. Kaldhol (1946) har ved nivel
lering bestemt høyden ril 53—54 m o.h.

?a. Velle er en lilcnende randmorene Bom pa, kec. Den ene Bidemorenen kan
kfjlZe3 ril 600 m n^vde. XornlordelinZen av materialer vil kramZa av kiZ. 6.

Mellom Velle o^ LrunBtad er tvdeliZe randmorener avBarc av ro kreer Bom



271

Fig. 8. Kartskisse over Sykkylven.

Sketch map of Sykkylven. Legetid: 1. Terminal moraine deposited by cirque glader.
2. Cirque. 3. Glacial striae with point of observation. 4. Altitude of mountains (in

metres). .5. Sites of molluscan shells. 6. Locality for pollen analyses.

har rykket fram fra botner på dalens sydside. Breene har demmet opp et vatn
i Øvre Velledalen (fig. 9). I dette isdemte og senere morenedemte vatnet ble
det avsatt et stort delta. Deltaets største høyde er 115 mo.h., mens framkanten
ligger 93 mo.h. Materialtilførselen har vært fra Brunstaddalen med sidedaler,
hvor det på denne tid har vært flere breer ikke så langt fra deltaet. Det kan
også ha vært en viss materialtilførsel fra Øvre Velledalen. Snitt i de distale
deler av deltaet viser regelmessige skrålag av grus og sand.
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B. Cirque gladers in Velledalen during the mountain glaciation.
Legend: 1. Terminal mora/ne deposited by cirque glader. 2. Cirque. 3- Altitude (in
metres) ot terrace. 4. Terrace. 5. Cirque glader. 6. Sykkylvsfjorden. 7. Glader-damtned

lake. 8. River channel.
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A. The terminal moraines in Velledalen.
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Høyden av deltaet er for stor til at det kan være avsatt i havet, da den sen

glaciale marine grense ved Sykkylvsfjorden er lavere enn 80 mo.h.
?a dalens nordBide er en dvp renne i morenemateriale (liZ. 9). I^vor rennen

beZvnner er bredden 15 m oZ dvbden 2—52 —5 m. I^enZer nede er bredden mer
enn 30 m. li^vden ved innløpet e>r 97 m 0.k., men rennen Ican ridliZere ka vZerr
et par meter dvpere 6a noe materiale lcan ka rager ned kra dalBiden.

Rennen kan følges mer enn 1 km og ender i et stort delta på garden Velle.
Et 30 m høyt snitt viser at materialet er grus og sand mens topplaget består av
stein og blokker. Lagene har et regelmessig fall fra dalsiden utover mot dal
bunnen, noe som passer godt med materialtilførsel gjennom rennen.

Bortsett fra materiale i suspensjon ville air materiale elvene fra Brunstad
dalen og Øvre Velledalen førte med seg bli avsatt i den isdemte sjøen. Materi
altilførselen til deltaet på Velle må derfor ha vært fra breelver fra Ringdals
breen, dessuten har elva fra den isdemte sjøen erodert kraftig i morenemateriale
breen førte med seg.

På deltaet, som ligger 58 mo.h., sees noen grunne renner etter tidligere
elveløp. Høyden angir på det nærmeste den marine grense på den tid avset
ningen fant sted. Rester av glacifluvialt materiale langs dalsiden i samme
høyde som deltaet tyder på ar en del av det er blitt fjernet ved senere elve
erosjon.

I Ringdalsmorenen er 57 m o.h. utformet en stor terrasse i morenemateriale
(fig. 9). På den tid Sykkylvsfjorden nådde til Velle, måtte dette stedet ligge
godt beskyttet mot marin abrasjon. Det er derfor mest sannsynlig ar terrassen
er dannet ved at elva har planert randmorenen. Høyden av terrassen er omtrent
den samme som på deltaet på Velle. Dette tyder på at sidemorenen er blitt
gjennombrutt av elva kort tid etter at breen trakk seg tilbake. Det kan også
tenkes at havnivået har vært omtrent det samme i lenger tid.

Ringdalsbotnen er nesten helt renskrapet for løsmateriale. Skuringsstriper
viser at isen har beveget seg i retningen N 25° 0, og rundsva med godt utfor
mete støt- og lesider viser samme isbevegelsesretning.

Brunstaddalen med sidedaler (fig. 8 og 9).
Ksedenior LrunsradsZerer er en randmorene som besrar av llere rvZZer av

srorblolclciZ moreliemareriale, seerliZ er den cvdeliZ pa dalens vestside.
lender Lrunstadlcoll er en storblolciciZ randmorene som Zar i en bue rundt

vatner (iiZ. 19). Denne morenen er rroliZ samcidiZ med lolcalZlaciasinnen
ellers i omrader.

En randmorene i Vellesæterbotn viser at der har vært en stor botnbre. Begge
sidemorenene er tydelig og kan følges er par km. Isens største mektighet har
vært ca. 200 m.
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Fig. 10. Randmorene under Brunstadkoll.
The terminal moraine at Brunstadkoll.

Sydøst for Vellesæterbotn ligger en liten randmorene som demmer opp et
vatn. Da Gullmordalsbreen ligger like inne i denne trange dalen, kan rand
morenen godt være fra et senere tidspunkt enn de andre. Den nesten helt
manglende vegetasjon tyder på dette.

Området mellom Sykkylvsfjorden og Storfjorden (fig. 8).
I dette området er fjellene betydelig lavere enn vest for Sykkylvsfjorden,

men også her fins randmorener som utvilsomt er avsatt av botnbreer.
I Gimsdalen har to breer rykket fram fra nordsiden av Hammarsettindane

og avsatt tydelige randmorener. Lenger inne i dalen er en stor botn med mye
storblokkig morenemateriale. Her er ingen tydelig randmorene, men også her
har det trolig vært en botnbre.

Under den nordvestlige del av Langfjell er en —8 m høy randmorene som
kan følges som en sammenhengende bue foran botnen. Fjellet innenfor more
nen er bare 800 m høyt, og skilt fra den betydelig høyere sydlige del av Lang
fjell av en dyp forsenkning. Dette er laveste fjell i Sykkylven hvor det har vært
en botnbre etter at innlandsisen smeltet bort.

Ln bre kra botnen nord lor der 1200 m n^e nar avßacc en rand
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morene. lender og der 864 in n^ve er Bma rygger
av morenemareriale. Leliggenneten av morenene rvder på, ar de er av32tt av
botnbreer.

På sydsiden av 3.^mernorn er store rygger som består av blokker og stein.
Ryggene ser ut ril å være dannet ved at blokker fra det sterkt frostsprengte
fjellet innenfor har glidd nedover en snøfonn eller en bre. Avstanden fra
ryggen til urda innenfor er ofte ca. 30 m. Fjellskråningen er sydvendt og
snøen smelter nå bort tidlig om sommeren. Ryggene må derfor trolig være
dannet under kaldere klima enn i nåtiden, og det er nærliggende a anta at de
avsatt under klimaforverringen som førte til at botnbreene rykket fram.

Andre områder med randmorener avsatt av lokalbreer

Randmorener foran botner viser at der har vært lokalglaciasjon også i andre
deler av Sunnmøre. De viktigste områder er tegnet inn på fig. 1.

I de BvdliZe deler av 3unnmj6re er det randmorener errer ootnbreer i området

zyd lor kovdetjorden oZ pa (^ulBl(^y. ?a nalv^jva mellom Voldakjorden oZ
HiOlundHotden er rallrilce randmorener Bom viBer at dette omrader nar vZerr
er vilcrig glaciaBionBBentlum.

Det er også funnet sikre spor etter lokalglaciasjon i Norangsdalen og på
Stranda (syd og sydøst for Sykkylven). Som tidligere nevnt er det funnet rand
morener avsatt av botnbreer i Lauparenområdet på nordsiden av Storfjorden
(Heltzen, 1948).

Da jeg ikke har hatt flyfotografier over de østlige deler av Sunnmøre og
feltarbeidet der er blitt begrenset til de største dalførene, har jeg ikke kunnet
avgjøre om det har vært loli2lZlaciaBion i detre området.

Tidspunktet for lokalglaciasjonen på Sunnmøre
Under regionalbeskrivelsen har jeg for en rekke randmorener ment å kunne

fastslå havnivået på den tid breframstøtet skjedde. Det viser seg at det høyeste
terrassetrinn i randmorenene faller sammen med en meget markert abrasjons
terrasse som kan følges sammenhengende lange strekninger. På øyene består
dette terrassetrinn oftest av et belte av frittskylte, godt rundete steiner og
blokker. Også lenger inne i Storfjorden er det som regel tydelig. Høyden av
denne terrassen er på Sula 21 mo.h. Den stiger jevnt i østlig retning og er på
Magerholm 36 mo.h.

Ved munningen av Sykkylvsfjorden er et markert terrassetrinn 44 mo k.
Dette trinn kan følges langs hele Sykkylvsfjorden, og er det høyeste terrasse
trinn funnet i randmorener avsatt av lokalbreer. Høyden innerst i fjorden
er 54 m o.h.
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Fig. 11. Ekvidistant strandlinjediagram.
Equidistant shore-line diagram.

vette terraHsetlinn er uten tvil Bvnlclonr og er derkor brukt til a beBtemme

iBobaseretningen, gom i dette området er 37° jZ. venne retningen Btemmer
godt med den en kinner kor er lavere marlcerr tellaBBerrinn, rrolig kra I'apeBtid.

Ekvidistansediagrammet (fig. 11) er framstilt ved at terrassehøydene innen
for et smalt belte er projisert på en linje med retningen N 53° V, dvs. vinkel
rett på iBob2BerecninZen.

Av ekvidistansediagrammet framgår at det er to terrassetrinn som skiller
seg ut. vet kveste av disse har Kaldhol (1946) ment var dannet i Tapestid.
Han bygger både på skjellfauna og forekomst av torv overleiret av strand
voller. Slike transgresjonsprofiler er beskrevet flere steder på Mørekysten, og
ec par nye lokaliteter er funnet under feltarbeidet (fig. 1).

Også lenger inne i Storfjorden er dette terrassetrinn meget markert, og det
skulle ikke være noen fare for å forveksle det med andre trinn. Gradienten
er bestemt til 0,25 m/km.

vet andre rnarlcerte terraB3ecrinn er 6et rij?lve3te Born kinB i randmorener

avBacr av lokalbreer. Born tidligere nevnc er derte rerra^errinn rneger rvdelig

ogBa utenom randmorenene, va de njsveBte rerl2BBer i randmorenene pa, 3ula
og i Bvlclcvlven kaller pa, Bamme linje i diagrammet, tyder derce pa ar de er
Bamcidige.

I>lal der gjelder randmorener som iklce nar ned ril navniva, er der van3kelig

a avgjere om di3se er «amridige med randmorenene langz kjorden, men da de
BVNS3 a tyde pa Bamme glaciasjonBglen3e er der grunn ril a anra derre.

ver er BelvBagr meget vanBl(eliZ a avgjere nvor lang rid det rolc kra ijordene
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ble isfri til botnbreene trakk seg tilbake. Hafsten (1956) har funnet at den
gjennomsnittlige strandlinjeforskyvning i Oslo-området i preboreal tid var
11 m/100 ar. Nå er den marine grense der omtrent cre ganger så høy som i
Sykkylven, så en strandlinjeforskyvning på 2) m må trolig ha tatt noen hundre
år, kanskje betydelig lengre.

C-14-dateringer lra Bergenshalvøya (Holtedahl, 1964) og Aure, Sykkylven,
synes å tyde på at kyststrøkene på Vestlandet ble isfri i Allerød tid. Dette gjør
en slik sammenlikning enda mer usikker enn den ellers ville være, da en kjen
ner lite til de eustatiske og isostatiske forhold i tidsrommet Allerød —
prerxireal.

Drivistransportert materiale i Romsdalsfjorden og de
ytre deler ay Storfjorden.

På Gjermundnes ved Romsdalsfjorden (fig. 1) har Kaldhol (1912, 1946)
funnet store mengder bergarter fra Oslo-feltet, særlig rombeporfyr og larvikitt.
Han har dessuten funnet atskillig flint. Antallet av slike ledeblokker er ifølge
Kaldhol minst 1000 bare på (ijelmnn^neH. Flyttblokker av samme type er også
funnet lenger inne i 3.om36alBiior6en. Blokkene er funnet i sand og leir over
morenemateriale, og bare lavere enn 50 mo.h.

På flere av øyene på Sunnmøre har jeg funnet flyttblokker av liknende type
(fig. 1). Blokkene er for det meste funnet i fjæra. De består ofte av rombe
porfyr, videre er kalksteiner, sandsteiner og larvikitt forholdsvis vanlige. Det
er også lunner noen få blokker av polymikte konglomerater, utvilsomt fra
devonfeltene i Sogn og Fjordane.

OBlo'berZarrene oZ llinren rna vsere rranBr^oltelc av iBli'ell. kor rr2N3porc
over Icorrere BrrelcninZer Ican nolc vinreriB vXre av stor berv6ninZ, men nor6
over lanZB slorZe3 veBtlivBr er en Blilc rranBriolt lire BannBvnliZ.

kunn av 03loberZarrer oZ liinc i li.omB6alBliorclen oZ 6e vere cleier av
3tortior6en viBer at ljordene var kelt eller 6elviB iBlri r?a en ti66a innlan63

isen nac!6e navet i en lcalvinZ3lront i O^lo-omraclet. vette Ican ilclce na slcje6cl
3enere enn i rati6.

forholdet mellom den senglaciale marine grense
og Tapestidens marine grense.

I^san3en (1922) nar Btilt opp en empiri^ lormel kor a bereZne I'apeBstran6
linjen nar cien BenZlaciale marine Zrense er Icjenc, eller omvendt a bereZne 6en
3enZlaciale marine ZrenBe nar I'apeBstran6lin)en er Icjent:

kvor n er n^6en av I'apesBtran6lin)en og 1^ er n^/6en av clen zenZlaciale
marine ZrenBe.

h = H x 0,315 + 3,4
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Nansen fant ac denne formel var tilnærmet riktig langs hele Norges kyst.
Største avvik var + 2,8 m og — 2,7 m, og han mente dette skyldtes unøy
aktige målinger.

Kaldhol (1946) har funnet at denne formel stemmer meget dårlig for Møre
og Romsdal. Ved å sette inn høyden for et lavere markert terrassetrinn (lokal
glaciasjonsstadiets marine grense) i stedet for den senglaciale marine grense
fant han at overensstemmelsen var god.

Grunnen til at Nansens empiriske formel ikke synes å gjelde i dette området
kan være at fjordene på Møre ble tidligere isfri enn de områder Nansen hadde
sine terrassemålinger fra. Det høyeste terrassetrinn vil da ikke være synkront,
og en skal ikke vente samme enkle forhold mellom den marine grense i sen
glacial tid og i Tapestid.

C-14-datering av skjellforekomsten på Aure, Sykkylven (fig. 8).
I en skjæring øst for idrettsplassen på Aure fantes skjellførende leire under

et stein- og blokkrikt leirlag. Finnestedet ligger ved det for lengst nedlagte
Aure teglverk, hvor Kaldhol har beskrevet følgende snitt:

3an6, ulcjenr melccigker

Bnittec var na 6arliZ, Biilc at bare 6en HlijelWren6e leira oZ 6ec Btein- oZ

blolclcrilce laZet var BvnliZ, men 6et er utvilBomc Bamme lolcaliter Bom
(1907). Xal6kol (1908) oZ j3ven (1924) kar omralc.

Finnestedet ligger ca. 14 mo.h. Følgende arter mollusker ble funnet: Mya
truncata, Cyprina islandica, Saxicava arctica, Pecten islandicus, Macoma calcaria
og Astarte elliptica. Kaldhol og Rekstad angir en langt mer omfattende fossil
liste, men under feltarbeidet ble det bare tatt sikte på å samle materiale til
C-14-datering.

Foruten skjell har Rekstad av teglverksbestyreren fått tilsendt et trestykke
av or som var funnet i leira. Dessuten er det funnet en rygghvirvel av storkobb
(Phoca barbata), og Øyen har funnet et ben av spitsbergenalken (Uria arra).

Hjellene er kor 3t^rre arterB ve6lcommen6e oktest opp!cnu3r, men Btvl(lcene
liZZer Bom reZel pa plaBB. De er Zo6t oppbevart.

d'i4-6acerinZ av en Blciellpr^ve (dyprina lBlanclica Zav resulcater 11629
120 ar l^r nati6en. ?orutBatt ac dateringen ilclce er bekektet me6kor ztore keil
tilBvarer 6ette ti6. Dateringen viBer me 66et korbekol6 Bom er catc

Sandlag 5 — 6 m

Leirlag, ingen fossiler, mengder av stein 1 m

Fossilførende leire 3 m
Leire uten fossiler 2 m
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ovenfor at Sykkylvsfjorden var isfri på denne rid. Da denne grunne fjord
armen er omgitt av meget høye fjell, er det grunn til å tro at hele Storfjorden
var isfri.

trestykket av or som ble iunnec i leira kan ikke skrive seg lra vegetasjonen
pa, stedet i rid. Der kan vsere drivved, men der er kanskje vel sa sann
synlig at der kar kommer inn i leira ved senere utglidninger.

Nå ligger det over leiravsetningen er delta som ser ut til a være avsatt mens
havnivået var ca. 30 m høyere enn i nåtiden. Da Tapestidens marine grense
her er antatt å være ca. 17 mo.h. (fig. 11), må deltaet være dannet på et
tidligere tidspunkt.

Det stein- og blokkførende laget kan enten være morenemateriale eller
marin leire med stein og blokker transportert av isfjell under lokalglaciasjons
stadiet, da tallrike botnbreer kalvet i Sykkylvsfjorden.

Øyen (1924) har omtalt basalplater av balaner på stein som fantes i leira,
men det framgår ikke klart om dette også gjelder det øvre stein- og blokkrike
leirlaget. Han har som Kaldhol funnet en sterk økning av blokkinnhoidet i den
øverste meter av avsetningen, men han har ikke tatt noe standpunkt til om det
er marin leire eller ikke.

?a den tid skjellene l?1e samler inn var der ikke mulig a, lorera sterre
gravinger, da skråningen skulle dekkes med grastorv, ancok da at det
stein- og i)lokkl^rende lager var rnorenemareriale (V.eite, 1963).

Dersom en bre i 3vkkvlvskjorden kadde nådd ril skulle en vente a
finne markerte randmorener langs kj orden, slerlig kvis det kadde vZerr cc
krairig brelramsr^r. Randmorener Ira en ljordore mangler, men det er score
mengder morenemateriale ril Lkornnes. kan imidlertid vgere
avsatt under innlandsisens tilbaketrekning. Den kj^ve marine grense langs
3vkkvivskjorden bortsett ira i randmorener rra lokaibreer rvder også pa ar der
ikke kar veerc noe sene brelramsc^r ril v^ure.

Der er derlor mesr sannsynlig ar det stein- og blokkkjslende laget er marin
leire med grovere materiale rransporrerr av isljell. Oripknusingen av skjellene
kan ka skjedd ved senere utglidninger i leirmassene. Dette kan også lorklare
ar er tresrvkke av or er blirr roret inn i leira.

Oven keni^rre lossilene ril sirc Uv^usniva, mens I^aldkol mence de var

ira 1. interglacialtid, noe som ikke visre seg a vlere rilkelle.

Pollenanalyse,
kor om mulig a komme kram ril tidspunktet ior innlandsisens barrsmelcning

er der blirr ratt prøver ior pollenanalyse. 3unnmsijre ligger langt rra omrader
kvor der er koretatt omfattende pollenanalyciske undersøkelser. sammen-
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Eid mellom Hundeidvik og Ekornnts.Sykk/lven. Mere og Romsdal ca. 100- 120 m o.h.

ARNE BEITE 1964

TORY f» «M/S - Pine

P£" ° BETUL* ¦ "«• fO CYPERACEAE - Std,, l.mily
MO-HJELE AP- ARBOREAL POUEN <° ALNUS ' """ KAP- NON -ARBOREAL POUEH ie QRAMNEAE - Grass lamily
Str ?Ctwm/S-HK* f— (««Bl -Eim I'ERICALES - H,M «d.r

OROUND MORAINE I I — QUERCUS - Otk

Fig. 12. Pollendiagram fra myr mellom Ekornnes og Hundeidvik, Sykkylven.
Pollen diagram from peat-bog between Ekornnes and Hundeidvik, Sykkylven.

likning med vegetasjonsvekslingen i fjerntliggende steder som Bømlo, Jæren
og Oslo-området vil derfor bli usikker.

Prøvene ble tatt i en stor myr på eidet mellom Hundeidvik og Lkorlilies
(fig. 8). Vegetasjonen på myra i nåtiden består av røsslyng på tuer og rabber,
ellers er det mest gras og halvgras. Det er noen få forkrøblete furutrær.

Prøvene ble for den dypeste del av myra tatt med en Hiller prøvetaker, fra
de øverste 130 cm i en godt opprensket skjæring.

Prøvene ble behandlet med KOH og acetolyse, og farget med tucnBin. Det
ble tatt sikte på å telle minst 400 treslagpollen (AP), men da noen av prøvene
inneholdt svært lite treslagspollen i forhold til urtepollen (NAP) ble det talt
færre AP i disse. Bortsett fra ett tilfelle har summen av AP og NAP vært
mer enn 500.
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viser variasjonen i pollenmengde av de vilcrigsre treslag. Kur
ven kor Balix ei regner med sterre malestolclc, og eilcblandingslcogen (()^l)
er slcilc ur i er eger digram med sterre malesrolclc, 6a pollen av disse treslag
er sparsomt rilsrede.

loraldiagrammer viser kornolder mellom rreslagspollen (^p) og urrepollen

omkarrer pollen av Ivngordenen (^ricales), grasramilien
((iramineae) og nalvgraskamilien (llvperaceae).

Soneinndelingen (sonene angitt med romertall) er etter Jessen (Jessen,
1935). Denne inndelingen er basert på vegetasjonsvekslingen. For å avgjøre
om sonegrensene i områder som ligger langt fra hverandre er synkrone er det
nødvendig med absolutt datering, men slik datering er ikke foretatt i dette
området.

viser at bi^llc dominerer i de dypeste spelcrra. Li^rlcepollen

mengden avtar jevnt, samtidig som lurupollen olir mer vanlig. Ver lins en del
pollen av salix, og mengden av urrepollen er meget stor. Det er derkor sann
svnlig ar de dvpesre deler av proiiler omlarrer sone IV — prerioreal (?Xgri,
1940, 1944, «akten, 19)6).

av kurupollen jevnt og nar neie 90 95 av tiasselpollen
blir mer vanlig, men nar i^rsr er malcsimum omrrenc samtidig med or. Der
sene nasselmalcsimum sere i lornold ril iurumalcsimum er er paiallende rrelclc

ved diagrammer, men der er nødvendig med klere pollenanalvser lor a avgjere
om derre gjelder kor neie 3unnmOre.

(Grensen mellom sone V og VI er rrnklcec nvor pollen av or begvnner a bli
vanlig. 3amtidig sillcer pollenmengden av kassel, mens eilcblandingslcogen ser
ut til a na VXrr spartsomt tilstede.

Orensen mellom sone VII og VIII er stiplet kvor pollenmengden av treslag
som tildeler eilcblandingslcogen, som nar vXrt nesten keie dominert av alm,
Olcer sierlcr. (Grensen mellom sone VIII og IX er cruiser nvor der slcjer en
marlcerr nedgang i pollenmengden av eilcblandingslcogen.

liensilcren med pollenanalysen var lor a iorz^lce a linne tidspunlcrer ior inn
landsisens rilbalcerreicning. Der viste seg at der pa denne lolcalirec sannsynligvis
bare er rorv som er avsarr i posrglacial tid. (brunnen Ican vsere at prevene ilclce

ble tatt i cc tjern eller en gjenvolcsningsmvr, slilc ar der gilclc lang tid l^r
rorvdannelsen ble savidr bervdelig ar pollen lcunne oppbevares.

Senkningen av glaciasjonsgrensen under lokalglaciasjonsstadiet.
I Bvlclcvlven er der også i nariden en relclce breer i de n^i/e fjellene mellom

3vlclcvlvsljolden og Hjßrundljorden. (^laciasjonsgrensen er ca. 1400 m.
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kor a, bestemme glacia3ionBgrenBen under lolcalglaci2Bi«nBBradiet kar 3imolixs
roppmerode blitt anvendt (Lriiclcner, 188?). Dette er eneBte metoden Bom lcan

brulceB med de lcalt Bom kal vierc ril radigder. kor ar metoden Blcal gi rilccig
verdi ior gi2ciaB)oNBgrenBen rna, det vgere ljelltopper omlcring glaci23ions
grenBen3 niv2.

Fjellene ble inndelt i to grupper, en hvor det ikke er randmorener etter
botnbreer, og en gruppe hvor morener er funnet. På denne måte har glacia
sionsgrensen i Sykkylven under lokalglaciasjonsstadiet blitt bestemt til ca.
800 m. Det har altså vært en senkning på hele 600 m sett i forhold til nåtiden.

Høyeste fjellet på Sula er 800 m, og fjellet innenfor den vestligste rand
morenen er betydelig lavere. Glaciasjonsgrensen har trolig vært ca. 700 m.

På Hareidlandet (fig. 2) kan glaciasjonsgrensen bestemmes med større sik
kerhet, da det er mange fjell med høyder fra 500 — 700 m. Det er funnet sikre
randmorener avsatt av botnbreer i de fleste fjell som er høyere enn 600 m,
og dette er trolig på det nærmeste glaciasjonsgrensen under lokalglaciasjons
stadiet.

Da strandlinjeforskyvningen i det undersøkte området etter lokalglacia
sjonsstadiet bare er 20 50 m, er det ikke tatt hensyn til denne under bereg
ning av glaciasjonsgrensen.

(19)^) nar kor rariden3 randmorener i i 3.oga
land kunnet ar BN^grenBen var 400—550 m lavere enn i nariden.

?a3cninger (1912) nar beBtemr glaciaBionBglenBenB nelning mor IcvBten i det
3vdlige s>sorge til 5—75 —7 m/lem. PZ, ItelgelandBl<vsren kar 3venBBon (1959)
runnet en gjennomBnitclig nelning mor IcvBren pa 5 m/I(m, meng den mal(Bi
male gradienr NXI IcvBten var 1) m/lem.

DerBum en regner med en glaciaBionBglenBe pa 800 m i 3vlclcvlven og 600 m

pa ?l2leidBlandec blir den gjennomBnirrlige gradienc 6 m/lem, noe Bom Btemmer
godr med glacaiBjonBgrenBenB nelning andre Bteder langB IcvBten.

Der er ilclce lett a avgi^re kvar megec lavere temperaturen lcan na vXlt
under lolcalglacia3jonBBtadier, da der er mange andre ialcrorer Bvm er av betvd
ning lor bredannelBe.

kor a be3temme nvor Btor tempelaculBenlcning en viBs glaciaBionBgrenBened
presBing nar vlert betinget av blir der vanligvis brulcc en temperarurgradienc.

(1954) brulcer gradienren 0,?, dvB. 100 m Benlcning av glaciaBionB-

Zren3en ved en senlcning av Bommeltemperatulen pa, o,?^ d. 3ven3Bon (1959)
brulcer gradienten 0,6. Ved brulc av k^lBrnevnre verdi 3lculle en Benlcning av
glaci2BioNsglenBen pa 600 m rilBvare en 3enlcning av Bommeltemperatulen pa
ca. 4° d, derre under korutBetning av ar nedb^lkorkoldene nar vZerr omtrent
Bom na.
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Selv om nedbørforholdene har vært forskjellig fra nåtiden, er senkningen

av glaciasjonsgrensen så betydelig ar lokalglaciasjonen neppe kan ha funnet
sted senere enn i Yngre Dryas rid.

Sammenligning med andre deler av landet.
En så stor senkning av glaciasjonsgrensen som der har vært på Sunnmøre

burde også gjøre seg gjeldende i andre landsdeler. Grunnen til at der mangler
randmorener avsatt av lokalbreer i mange fjellområder i Syd-Norge kan være
at fjellene ennå ikke hadde smeltet fram av innlandsisen under lokalglacia
sjonsstadiet. Det må også tas i betraktning at de sentrale fjelltrakter har vært
sterkt nedpresset på grunn av istyngden.

Mannerfelt (1940, 1945) har funnet randmorener avsatt av botnbreer i
fjellet Fongen i Sør-Trøndelag. Han har ved hjelp av pollenanalyse ment å
kunne fastslå at randmorenene er eldre enn den subatlantiske klimaforverring.

På den vestlige del av Hardangervidda er det funnet tydelige randmorener
avsatt av innlandsisen. Ofte fins et dobbelt morenetrinn. Liestøl (1963) har
funnet at snøgrensen har vært ca. 1550 m under breframstøtet, dette er omtrent
100 m lavere enn i nåtiden. Han mener morenene er avsatt senere enn i ratid.

De Bamme morenene er be3lcrevet av 3imonsen (1965) oZ (1964).
Sollid (1964) har omtalt randmorener i de vestlige deler av Fokstumyr
Hjerkinn-området, avsatt av en nordøstlig brestrøm fra et glaciasjonssentrum

i Jotunheimen. Han mener breframstøtet er yngre enn ratid, og bygger da
vesentlig på den høye firngrense randmorenene i området synes a vitne om.

slolmBen (1964) nar I>eBl(levet de Bamme randmorenene. I^an antyder 2t
de Ican v<ere BamtidiZe med randmorenene pa HardanZervidda.

Både på Hardangervidda og Hjerkinn ser det ut til at senkningen av snø
grensen under breframstøtet nar vært liten. Det er derfor all grunn til å anta
at den meget store senkningen av glaciasjonsgrensen på Sunnmøre må ha fun
net sted på et tidligere tidspunkt.

Ratidens randmorener er fulgt temmelig sammenhengende vestover til
Ryfylke (Andersen, 1954, 1960). Videre nordover langs kysten har Undas
(1963) forsøkt a finne morenenes beliggenhet. Han trekker grensen over Halsn
øy i Hardangerfjorden. I området Sognefjorden mener N2N morenene
fra denne tid ligger langt mot vest, slik at bare de aller ytterste øyer var isfrie.
På Mørekysten trekker han grensen for isen i ratid langt vest for de ytterste
øyer.

I LerZenßomradet er or>r>lcnußre Blciell i morenemateriale iornoldßviß vanliZ.
klere Oi4-daterinZer rvder pa ar Blc)ellene er lra rid. 3enere — trolig
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i Yngre Drvas rid — nar isen rvlclcer kram, men der er ilclce lciarc nvor lange
vesr derte brekramsr^ter kar nådd (I^olredanl, 1964).

I motsetning til Undas mener Carlsson (Nydal, 1964) at ratidens brefront
i Sognefjorden har ligget ved munningen av sidedalene, hvor det ofte er et
dobbelt morenetrinn. En datering av skjell foran et isranddelra i Instevik,
Sogn, gav resultatet 10250 ± 440 år før nåtiden.

Nord for Breim i Nordfjord er en meget tydelig randmorene på begge sider
av fjorden, men dette breframstøtet har ikke blitt datert. Ut fra beliggenheten
er det sannsynlig at det kan være samtidig med lokalglaciasjonsstadiet på
Sunnmøre.

Dec har vært antatt at randmorenene ved Gikling i Sunndalen og Tautra i
Trondheimsfjorden skulle være avsatt i ratid, dette har særlig vært basert på
funn av arktiske skjell foran disse randavsetningene. Det foreligger ikke (I-14
dateringer fra disse trakter så det er ikke mulig å avgjøre om disse randavset
ningene er avsatt samtidig med lokalglaciasjonen på Sunnmøre.

Oversikt — konklusjon.
Ln 52 srelli gl2ci2B)oNBgrenBenedpreB3ing Bom det N2r vXlt p23unnmOre

under lolc2igi2ciasionBBtadier nar trolig ogsa k^rr til ar inni2ndsiBen rvlilcer kram
på nytt. I^a nar keltarlxidet i de indre deler av 3unnm^lre vZert lire omfattende,
dessuten nar ilclce klvkotograkier kra dette omrader vXlt tilgjengelige.

3cr^m (19)6) N2r kl 2(Feirangertralctene omtalt randmorener som trolig er
avBarr av innlandBisen.

Xaldnol (1946) nar kra 3t2dneim, I^ellesvlc, beslcrever et snitt nvor morene-

M2teri2le 2v 6 m melctignet overleirer gi2citluvi2lt M2teri2le. Over morenen
ligger glacikluvi2lt M2teri2le. Denne l2gk^lgen tyder pZ, en oscill^on av
iBl2nden.

De n^veBte M2line terrasser i Oeiranger, tiellesvlc og I^akjord k2iler pa om
trenr samme linje i elcvidiBt2Nsedi2gl2mmet (kig. 11) som de n^vesre terrasser
i randmorener 2Vs2tt 2V botnkreer. Derre Ic2N 2Ntvde 2c innlandsisen under

lolcalglaciasjonsscadiet N2l nådd ned ril kjordbunnene i indre deler 2v 3rar
kj orden og bvgget opp isl2ndavBetninger. Ved videre teltunders^lcelser vil der
rrolig vsere mulig a kaBrBi2 dette.

kunn 2V kline og Oslo-bergarrer viser ar 3unnm^ir3liV3ten ble tidlig iskri.
Derte blir ogB2 Btjstrer 2v Oi4-d2teringen 2v Blciellkoreliom3ren ria
( 11620 i^i 120 ar k^r nariden), som rvder på ar 3vldcvlvskiolden var iskri i

rid.

Den meger lave glaciasjonsglense gjOr der 82nn8vnlig ar lolcalgl2ciaBionen
pa 3unnm^lre nar kunner sced under Iclimakorverringen i Yngre Drvas rid.
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sununarv

Terminal moraines deposited by cirque glaciers are common in the western
parts of Sunnmøre (figs. 1, 2, 4, 8). As ckiB area is supposed to have been
completely covered by ice during the last glaciation, the mountain glaciation
must have occurred in late glacial or postglacial time.

Many cirque glaciers have descended to sea-level, and the position of termi
nal molaineB Bno^vB rnac the fjords were ice-lree at tkar time. The kiZneBt
marine terrace3 toun6 on tneBe moraineB are conBl6elablv lower tkan tkoBe
found in other parts of the fjords. On the island Sula (fig. 1) half of the
total shore-line displacement was completed when the cirque glaciers receded,
in Sykkylven one third.

The glaciation limit during the time of mountain glaciation has been deter
mined as about 800 m in Sykkylven, 700 m on Sula and about 600 m on the
island Hareidlandet (fig. 1). The glaciation limit of this area to6av is about
600 m higher, indicating a severe climatic deterioration during the time of
mountain Zlaciation.

Radiocarbon dating of marine shells (Cyprina islandica) from Aure, Sykk
ylven (fig. 8), which showed an age of 11620 ± 120 vears 8.P., BeemB to
indicate that the fjord districts were free from ice during the climatic amelio
ration in Allerød time.

This is also indicated by stones of Oslo rock material and chert found below
the marine limit in the Romsdalsfjord and the outer part of the Storfjord
area. This material must have been transported by iceberZs at a time when
the area was ice-free and rne ice reached the sea in the Skagerak, i.e. not later
than Younger Dryas time.

pollen analvBeB krom a 00Z ar LlcornneB (kiZ. 8) Bnoxve6 a prerxireal pollen
Bpectrum, clominateci r>v bircn an 6 niZn r>recenra^eB ok non-ar!)0lea1 pollen
in tne 6eepeBt part ok cne rx>Z (kiZ. 12).

In rke inner pare ok Btork)ol6en (kiZ. 1) tke marine limic i8muck lo^er
rkan in tke mi66le pare ok rke kjord (kiZ. 11). I^ie reazon mav be ckac rke

receBBion ok tke inlan6 ice waB remporarilv kalreci kere clurinZ tke 6eZlaciation,
but 6eltaic 6epoBitB ok Band overlain ov 6 m ok cill in lielleBvlc inclicace ckac
rkere K2B keen 2 re-a6vance ok ice.

doncluBion: 'lke mouncain Zlaciacion ok ZunnmFre BeemB co kave ralcen
place 6urinZ tke climatic dereriorarion in VounZer VrvaB rime.

On the M<?A«/<n« <3/<lc^lo« of Sunnmøre, West Norway
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Some new aspects of the geology of Varanger
peninsula (Northern Norway)

Preliminary report
by

Anna Siedlecka and Stanislaw Siedlecki1 )

Abstract

The authors have established that Varanger Peninsula consists of two dif
ferent geological regions divided from each other by a large thrust fauk
rreli6inZ in s^-5N 6irecric>n. The B«urk.we3teln, 'lanilkjor^-VarHNZelijol^
region, consists of rocks of the Vestertana Group (Reading, 1965) and of the
"Older Sandstone Series" (Føyn, 1937). The north-eastern, Barents Sea region,
consists of thick sedimentary sequences which are quite dissimilar to the sedi
mentary sequences present in the Tanafjord - Varangerfjord region. New groups
and formations are described in the Barents Sea region, in which the rock
assemblages are considered to have been deposited in a miogeosyncline.

'lke age ok rke Be6irnenrarv rocl« ok rke Larene Bea region i 8uncerrain;
ckev pregurnabiv repreBenr a rime pericxi eariier rkan darnbeian. 'lke LarentB
3ea region is renrariveiv regar6e6 az belonging ro rke 'lirnanian orogenic deir.

Introduction

IkanlcB to the inBr)ilation of Rektor S. Føyn, and to the organisation and
financial assistance of Norges geologiske undersøkelse and Norges Teknisk-
Naturvitenskapelige Forskningsråd, geological investigations kave been carried
out on the Varanger Peninsula during parts of the 1966 and 1967 field seasons.
The main object of the investigations has been the study of the stratigraphy
and structural geology in those areas of the Varanger Peninsula underlain by
unmetamorphosed sedimentary rocks of the "Older Sandstone Series" (Føyn,
1937) and its presumed equivalents. The investigations carried out for 3 weeks
in August 1966 during rather inclement weather conditions were necessarily
ok only a reconnaissance nature. In 1967 more systematic field-studies were
undertaken during a period from the end of June until the beginning of Sep-

i) Laboratory of Geology, Polish Acad. of Sei., Cracdw (Poland).
Norges geologiske undersøkelse, Trondheim (Norge).
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rernber. Ike kollowing 6eBcriptionB are ba3e6 rnainly on obBervacionB ma6e
6uring ckis rime.

With the help ok a car, local boar, kiBking boac3 and a small boar with
an outboard-motor, more or less detailed geological obBervarionB along the
costal sections of the Varanger Peninsula were eventually completed, with the
exception of limited area between Store Morvik, Tanahorn and Skonsvik (in
the northernmost part of the peninsula).

In the inner part of the peninsula investigations were at first concentrated
along the road crvBBinZ the central highland and later in 12n6-area3 to the
north-west and south-east of rkiB road, especially the area surrounding the big
lakes Buevannet, Gednjevannet and Hjordvannet.1) The eastern coast of Tana
fjord between Leirpollen and Trollfjorden, together with the land-area stretch
ing inland from this coast, has been mapped in detail.

In all, an area of about 600 sq.km. of the inner part ok the Varanger Penin
sula and ok its coaBrline has been mapped on the scale 1:50.000. Because of
lack of time other areas in the interior of Varanger Peninsula were studied
in less detail, but the localities thought to be of greater importance to a general
understanding of the geology of the peninsula were visited by us during recon
naissance trips.

me pre3enr, no^vever, our lielci inveBtig2rionB 2nci pecrological Btu6ieB
ok collecre6 52lnp1e8 are Btill in tke prelilnin2rx 3tage; kurure Bru6ie3

supply rnany 6erailB ro Bupplernenr our preBenr-6ay Icno>vle6ge ok rke geology
ok rke Varanger ?eninBula. donBe^uenrly only rke broa6 outlineB ok Borne ne^v
aBpectB ok rke geolog^ ok rkiB area will be presenre6 kere.

Acknowledgements

wisk ro expreBB our rkanlcB ro NorgeB geologiBlce un6erB^lceise, 'lron^
keirn, kor 6etraying rke expenceB ok aur inve3rigarioNB, anci ro KlorgeB I'elcniBlc>

lolBlcningBla6, kor provi6ing a telloxvBkip tar one ot
U 8(^.3.).

2re eBpecially in<iebce6 ro 3.elcrol 8. kHyn, 0810, tor rke propo3ing tke

preBenr inveBtigacionB ot tke "ol6er 3an6Brone BerieB" on Varanger ?eninBula,
anci kor KiB con3tanr a6vice 2n6 valuable 6i3cuBBions.

!) Geographical nomenclature on Varanger Peninsula is based partly on Lappish
tradition and partly on Norwegian intro6ncec! names. To avoici paszible coiiiugion the
names used here are those appearing on the "Topografisk kart over Norge", 1:100,000,
cd. Norges geografiske oppmåling, 1956-1962. These have been rewritten to conform
with moclern ortnograpn^.
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Mr. W. Czajkowski, Mr. T. Dobrowolski and Mr. D. Myklebust were aur
field-assistants in tke summer of 1967.

Dr. D. Roberts, NGU, Trondheim, and Prof. F. C. Vokes, NTH, Trond
heim, have kindly corrected the English manuscript.

Summary of previous investigations

Varanger Peninsvila and advent areas of the eastern Finnmark have been
investigated by numerous geologists, the Eocambrian sediments of glacial origin
Keneraliv attracrinZ the most atrention. (Locambri^n is considered by the
present auckorB as a ckloQoBtlaciZl2pkic2l term including the time-period
between the beginning of deposition of tillites and the first beds containing
Cambrian fossils.) Other sediments, particularly those older than the tilliten,
were not often studied in this part of eastern Finnmark and the monographic
paper of Holtedahl (1918) can be regarded as the first and still most important
source of information concerning the "pre-tillitic" rock-sequence of the Varan
ger Peninsula.

The present authors, both during the field investigations and while estab
lishing their stratigraphical and tectonic conceptions, have based their work
mainly on the papers of Reusch (1891-b), Holtedahl (1918, 1919, 1932, 1953,
1960-a, 1960-b, 1961), Føyn (1937, 1960, 1964),R05endahl (1945) and Reading
(1965, 1966). In preparing the new stratigraphical scheme (see Fig. 1)
account has been tåken, as far as PoBBlble, of the terminology which have pre
viously been either introduced or suggested by the writers mentioned above.

New data concerning the geology of the Varanger Peninsula

Field investigations carrieci out by the present authors in 1967 show that
a large thrust fauk divides Varanger Peninsula into two different geological
regions. The thrustfault (or set of parallel faults) runs in an approximate
NW-SE direction 2IONZ Trollfjorden, Trollfjordelven valley, Gednjevannet and
Hjordvannet lakes, the NE slopes of the Skipskjølen mountain and along the
Komagelven valley (see map, Fig. 2).There is no lithostratigraphical correlation
between the two different reZionB. The region Bitu2te6 SW of the thrust will
here be called the Tanafjord - Varangerfjord region and that which extends
NE of the thrust the Barents Sea region.

The precise nature ok the thrust is not yet known; data collected during
the mapping have permitted us only to establish the occurrence of this structure,
its direction and extent. Stresses which initiated the thrusting have been
6irecre6 2pproximarelv from NE to SW, causing the rock sequences of the
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LarenrB 3ea region rc» be rkruzc over ckose ot rke - Varangertjord
region, 'lke rkruBr kere be called rke 'lrolltord - Komagelv rkru3t.

3korc deBcriprionB ot rke roclc 3ec^uenceB ob3erved in rke above-rnenrioned
region 3tollo^v immediatel^ belo>iv.

Tanafjord - Varangerfjord region

The total known thickness of the entire sequence of sedimentary rocks of
Hyperborean age (term inrroduced and defined by Sederholm, 1932) reaches
ca. 3000 m. in rkiz region. An Eocambrian succession (ca. 1450 m.), discribed
by Føyn (1937) and Reading (1965) from an adjacent area on the Digermul
Peninsula, has been termed the Vestertana Group (Reading, 1965). The oldest
beds of this group are tillites which, together with slates and sandstones of the
Nyborg Formation, represent sediments of Varangian (Varegian) lee Age. The
youngest strata of the Vestertana Group, Breivik Formation, are of Lower
Cambrian age (Føyn, 1967). The sedimentary rock sequence underlying the
Vestertana Group is that of the "Older Sandstone Series" of Føyn (1937).
This reaches ca. 1500 m in rniclcneBB, bur the base of the 3eliez is not known.

The main area on the Varanger Peninsula underlain by the "Older Sandstone
serieB" is the eastern shore of Tanafjord (between Leirpollen and the southern
coast of Trollfjord) and the territory to the east of Tanafjord, extending up
to Iroiikjor^eiven valle^ and to the western BnoleB of the (^e6n)evannec lake.
The Trollfjord - Komagelv thrust fauk forms the north-eastern border of this
area. Toward the SE, along a line running approximately up the Cabmaelven
valle^ and south of I^anZiecerro, the "Older 3an6Brone 3erieB" 6ipB benearn
the Vestertana Group. Along the northern shores of Varangerfjord the rocks
of the "Older Sandstone Series" crop out again, 80 that the whole area between
the heads of Tanafjord and Varangerfjord can be regarded as a large syncline
with Eocambrian and Cambrian sediments of the Vestertana Group in its core
and with the limbs composed of sediments of the "Older Sandstone Series"
(see croB3-secrion, Fig. 2). The axial plane of the syncline trends approximately
in a WSW-ENE direction. The syncline is assymetrical, the north-western
(NNW) limb being steeper and more distinctly folded than the strata of the
80uik'ea5teln (33L) lirnb. In addirion, evidence of Btlong dekorrnacion is present
at the NE side of the syncline, near the plane of the Trollfjord - Komagelv
thrust. Outcrops of rocks of the "Older Sandstone Series" in the area near
Varangerfjord are not so extensive as in the sections around the Tanafjord
area. Problems of detailed stratigraphy and of facial changes which may occur
within the rocks of the "Older Sandstone Series" in the Varangerfjord area,
i.e. in the vicinity of the border of the Baltic shield, require further investi
gation.



293

An examination of the lithologies of the "Older Sandstone Series" in the
Tanafjord - Varangerfjord region, and of the preserved sedimentary markings,
show that the sediments are mostly shallow water deposits, in part of marine
and in part presumably of continental oligin. Within these sediments occur
thick strata of quartzitic sandstones interbedded with sandy and silty shales.
BiltBtoneB often appeal in the larver parts of the rock-sequence (e.g. Stangenes
snåle) while sandstones (quartzites) prevail in its upper part. Some sandstones
contain feldspar; typical "sparagmite", rich in coarse grains of feldspar is,
however, very rare. Dolomite layers, interbedded with shale and mudstone,
are Icnown on1)s from the uppelmoBt part of the rock-sequence. In some places
they were eroded before the deposition of tilliten The dolomite occurring in
the Tanafjord - Varangerfjord region contains stromatolitic structures and
displays many lithological similarities to the Porsanger dolomite, with which
it can almost certainly be correlated.

The Tanafjord - Varangerfjord region on Varanger Peninsula should be re
garded as the easternmost part of a large area of East Finnmark over which
sediments correlated with the "Older Sandstone Series" and Vestertana Group
are extensive. Stratigraphical and palaeogeographical correlations within these
rock sequences have been discussed by several authors (see Holtedahl, 1918,
1932, 1960; Føyn, 1937, 1964, 1967).

Igneous rocks (occurring in great quantity in the Barents Sea region) are
rare in the Tanafjord - Varangerfjord region. They are absent around the inner
part of Tanafjord and in the southern part of the Varanger Peninsula (Føyn,
1945). A few diabase dykes kave been observed by Holtedahl (1918) along
the N co2Bt of the outer Varangerfjord at Krampenes, on Store Ekkerøy and at
Kvalneset. The latter locality has been recorded also by Mr. O. Jøsang, Oslo
(personal communication).

Barents Sea region

Two different successions of sedimentary rocks occur in tkiB region, the
boun62lv between them being a plane of tectonic disconformity. They will be
described below as:

1. LalentB 3ea (?roup, an6
2. Raggo Group.

1. Barents Sea Group
'lke Be6ilnentarv sec^uence ok tke LarentB 3ea (^roup cropz out niozr conve

nientiv kor ornervation, in large coaBtal BectionB along rke norck-eagtern skore
ok Varanger ?eninBula, approximatelv I>enveen 3an6k)ol6bulcten (I^^ ok
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Kongsfjord) and Komagvær (S of Vardø). The group reaches a thickness of
about 13 000 m and consists of sandstones, siltstones, slates and carbonate
rocks; no tillites or tillite-like rocks have been observed. The beds show a
constant general strike NE-SW between Kongsfjord and Syltefjord; this direc
tion is followed by the fjords occurring in NE part of the Varanger Peninsula.
In the south-east the beds dip mainly 15-30° SE, but northwestwards the dips
steepens to about 60-70° SE.

Preliminary geological observations concerning some sediments now referred
to the Barents Sea Group were reported by Keilhau (1844) and Reusch
(1891b). More detailed descriptions are to be found in Holtedahl^ (1918)
monograph, where sediments of the Barents Sea Group have been mostly
included in the "Older, dolomite-bearing sandstone division".

The present authors differentiate five formations within the Barents Sea
Group using in their descriptions, as far as possible, lithostratigraphical terms
introduced by Holtedahl (1918).

Kongsfjord Formation
Holtedahl (1918, pp. 188, 223) introduced term "Kongsfjord skifer" for

this assemblage. The "Naalnesets sandstensrække" of Holtedahl (1918, p. 184)
is also included here by the present authors.

The Kongsfjord Formation is the oldest in the Barents Sea Group and
occurs mainly in the area situated close to Kongsfjord. It consists of dark-grey
and blackish mudstones, slates and dark-grey sandstones. The latter, usually
fine-grained, become in some places coarse-grained, feldspathic, and contain
intercalations of conglomerates. Although the lithology of the Kongsfjord For
mation is apparently monotonous, a lot of sedimentary markings have been
recorded. Graded bedding, load casts, intraformational conglomerates and in
distinct ripple marks are those most commonly observed in this formation.

The base of the Kongsfjord Formation is not known; its contact with the
Raggo Group is a thrust surface. At the top, towards the south-east, the Kongs
fjord Formation grades into the next, Båsnæring Formation.

The apparent thickness of the Kongsfjord Formation, computed from the
geological map approximate 7500 m. However, in reality, the true thickness
is much lower; the numerous disharmonic folds occurring in the incompetent
slaty beds have resulted in an apparent enlargement. The real thickness ok the
Kongsfjord Formation may be established, tentatively, as about 4500 m. It
seems that in tne future ir will be possible to differentiate minor lithostrati
graphical units within Kongsfjord Formation.
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Båsncering Formation
"V223N2erinZenB 32nd8ten38erie" ok lioltedaki (1918, p. 187).

'lke LaFNXrinZ korrnation occurs above rke Xon^kjord korrnation 2nd tkere
iq a rr2NBition benveen tkeBe t^vo unit3. 'lkis tt2NBition K23 been recorded by

I^olredaki (1918, p. 188) at tke 8L 3lde ai Xon^kjord.

The Båsnæring Formation consists of thick beds of quartzitic sandstones
and un6erlie3 a peninsula between Kongsfjord and Båtsfjord. In the lower part
of the formation medium-grained, grey, massive sandstones are dominant; grey
slates are subordinate and disappear gradually upwards. The upper part of the
formation consists mostly of red, coarse-grained sandstones, commonly exhibi
ting croB3-I)e66inZ, while the upperrnost part is ckaracteri^e^ by interbedding
of red siltstones with beds of medium- and coarse-grained, red sandstones.
Then, light-grey sandstones and dark-grey arenaceous shales with interbedded
carbonare la^erB appeal. The proportion of the latter increases upwards. These
rocks will be regarded as the lowermost beds of Båtsfjord Formation.

I'kiclclieBB on tke LaBNlerinZ korniarion 15 ca. 2)00 m (accor6inZ ro tioite
<iakl, 1918, p. 18? - ca. 2000 m).

Båtsfjord Formation
"LaaBkiol6 6ololnit-Bicikel-san<!BtenB3erie" ok I^olte6anl (1918, pp. 188, 225).
The Båtsfjord Formation underlies the area close to Båtsfjord and the valley

forming the SW prolongation ok the latter. The formation consists ok inter
bedded dolomitic and clayey limestones, shales, mudstones and sandstones. The
dolomitic limestones are grey or light-grey and become yellowish on weathered
surfaces. Clastic rocks associated with carbonate rocks are grey, blackish, red,
green and yellow. Ripple marks and mud-cracks are common on the bedding
surfaces of the clastic rocks; these 3cructureB have been described in detail by
Holtedahl (1918). In the lower and upper parts of the formation the clastic
rocks seem to be dominant while carbonate rocks prevail in the middle. The
base ok the formation is marked by liZkt-Krex 3andBrone3 and darlc-Zre^ arena
ceous shales appearing above the red coarse-grained quartzitic sandstones of
the subjacent Båsnæring Formation. At the top of the Båtsfjord Formation
the carbonate rocks are inrerbedded >vitk liZkr-Zre/ or red coarse-grained
calcareous sandstones and red silstones. Then, the carbonate rocks gradually
disappear and the Båtsfjord Formation grades into the next formation begin
ning with red, coarse-grained cross-bedded sandstones and conglomerates. This
transition from Båtsfjord Formation to the Makkaur Formation has been pre
viously observed by Reusch (1891, P. 41) and by Holtedahl (1918, p. 190,
Pl. XI).

I'kiclcne3B ot rke Lårkord kormation rnay be eBtabllBked 25 ca. 1)00 m.
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»

Makkaur Formation

"^lalculB 82n68ren88erie" ok liolreciaki (1918, p. 192).

The Makkaur Formation underlies a large peninsula occurring between
Båtsfjord and Syltefjord. This formation consists ok mainly medium- and
co2lBe-Zr2inecl sandstones forming thick layers (1 meter and more) and exhibi
ting croBB-be66inZ. The 82n68tone8 are re6-violer or re66iBk-Krev; on the
weathered surfaces they are more intensively red stained. The sandstones are
feldspathic, especially in the lower part of the formation where quartz-conglo
merate la/erB alBv appeal. These conglomerates and associated sandstones have
been observed by Reusch (1891 b, pp. 40-41) at Makkaur and characterized as
sparagmite-like rocks. The very monotonous sandstone sequence of the Makkaur
Formation reaches about 3500 m in thickness. The uppermost part of this
formation occurs at the head of Syltefjord where (according to the description
of Holtedahl, 1918, pp. 193-194) dark arenaceous shales and yellowish dolo
mites rest on coarse-grained sandstone exnikirinZ croBz-r)e66inZ. 'lnere is a
concordance and continuity of sedimentation but the contact is relatively sharp.
The arenaceous shales and dolomites have been included in the next forma
tion described below.

Syltefjord Formation
pare ok "3vlrekior6B and ?elBkior6B 6oiomir-Blciker'32n6BtenBBerie" ok liolce

6anl (1918, p. 223).

The Syltefjord Formation crops out near Syltefjord and shows lithological
similarity to the Båtsfjord Formation. The Syltefjord Formation consists ok
ligth-grey dolomitic limestones interbedded with red and greenish sandstones
and mudstones often exhibiting ripple marks and mud cracks on the rop
surfaces. Holtedahl (1918, pp. 193-194, Pl. XVI) observed oolitic and stroma
tolite-like BrrucrureB in carbonate rocks of Syltefjord at Veinesodden. Along the
SE side of Syltefjord the beds of the Syltefjord Formation dip steeply in a
Ks^ direcrion and are in conracc along a thrust fauk with reddish and grey
sandstones (Båsnæring sandstones). The known thickness of the Syltefjord
Formation may be established as ca. 1000 m.

Beds of the Barents Sea Group occur again south-east ok the SE coast of
Syltefjord 28 far as the outer part of the coast of Varangerfjord (see Fig. 2).
The units present are mainly those of Kongsfjord, Båsnæring and Båtsfjord
Formations. Isoclinal dip of the beds which can be observed in the section
between Kongsfjord and Syltefjord 60e3 not conrinue east of 3vlrekjor6; in
this part ok the Barents Sea region the beds are distinctly folded. Axial planeß
of Bvnclineß and anriclineß trend in 2 B^-^sL (d2ie6onian) ciirecrion; a 6ißcincr
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syncline, with the Båtsfjord Formation in the core and with limbs consisting
of Båsnæring Formation, occurs in Persfjord. This structure has been observed
airea^y by Keilhau (1844) and by Holtedahl (1918).

2. Raggo Group
Sedimentary sequences referred to the Raggo Group underlie the northern

part of the Varanger Peninsula, which is called the Raggo Peninsula (Raggo
halvøya). Beds of the Raggo Group in the coaBtal section between Sandfjord
bukten and Berlevåg dip quite steeply toward NW and are thrusted over the
Barents Sea Group. The thrust plane marks the base of the Raggo Group. The
top surface of the group is not known. Total known thickness of the Raggo
Group may be established as about 9000 m (?). A geological section of the
Raggo Group is best exposed along the NE coast of the Varanger Peninsula
between the NW side of Sandfjordbukten and Skonsviken. The Raggo Group
conBi3tB of dastic rocks; similarly as in the Barents Sea Group, tillites have
not been obBerve6.

Within Raggo Group two formations may be differentiated:
1. I^llcvilckieli korm2tion,
2. Lerlev2Z korlN2tion.

Løkvikfjell Formation.
The nåme "Løkvikfjeldets sandstensserie" was introduced by Holtedahl

(1918) for the sandstones which crop out along the sea shore west of Kongs
fjord, between Styret and 82n6tjor6bulcten'8 north side. Løkvikfjell niounwin
consists of the rocks of tkiB formation.

The present authors divide the Løkvikfjell Formation into two members:
(1) Sandfjord feldspathic grit and, (2) Kjølnes sandstone and slate.

Sandfjord /e/^^/^ic F?7?. I'kiß niember occupie3 nvo separate 21e28: (2) the
area extending in a NE-SW direction from the Sandfjordsaksla and Styreaksla
mountains on the coast of Barents Sea to the western 8ioi)e8 of 3lci6nekiell
on the north-eastern coast of Tanafjord, N ot Trollfjord; (b) the area which
occupies the central part ot the Varanger Peninsula between Buefjellet moun
tain, Gednjevannet lake and Ordofjellet mountain and which extends further
eastwards op to Skogåsvidden. In addition, isolated klippen of beds of the mein
ber under consideration have been observed on the peninsula which divides
Båtsfjord from Syltefjord and which consists mainly of Makkaur Formation. The
Sandfjord member consists of coarse-grained, pink, light-grey, yellowish or red
violet feldspathic grit with conglomerate intercalations, in layers 0.3-1 m in
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thickness. (^loBB-r)e(i6inZ is coramon in these beds. Pebbles are usually sub
rounded and reach up to 10 cm in diameter, usually they are about 2-3 cm.
Pebbles of white or pink quartz, of red or violet quartzite, red jasper and black
siliceous rock have been observed. The psammitic material of the grit consists
mainly of rounded quartz grains and quite abundant particles of pink feldspar.
Generally, this sediment is reminiscent of the sparagmites.

In a well exposed section between Sandfjordbukten and Kjølnes it may be
observed that conglomerate layers occur mainly in the lower part of the mem
ber. Upwards, the feldspathic sandstones become me6ium-Zraine6, Bnale inter
calations appear and then the member passes into Kjølnes sandstone and slate.

'lnicicne3s ok tke 3an6kjor6 kel6Bpatkic Zric in ckiB Becrion i3ca. 2000 m.

Kjølnes sandstone and slate member. This member consists of interbedded
sandstones and slates and reaches a thickness of about 2000 m. Medium

grained quartzitic sandstones and coarse-grained feldspathic sandstones, grey
and grey-pink, form layers ca. 0.2-0.7 m thick. In some places quartz conglome
rates appear. Sandstones are interbedded with dark-grey and black slates and
pnMireB. <3enerallx the 3e<iimentB of cnis member become more and more
metamorphosed when traced from east to west. The member does not appear
in the SW slopes ok Skidnefjell mountain in the northern vicinity of Troll
fjorden because tke Berlevåg Formation thrust over it in this area and rests
with 2 tectonic contact directly on the Sandfjord feldspathic grit.

Berlevåg Formation
This K2B been observed in the area near Berlevåg, between Berlevåg and Store

Molvik, and N ok Trollfjorden. Near Berlevåg this formation is represented
by black and biacic-Zreen pk^lliteB and rkere i8 pre3umadlx 2 continuity between
the Kjølnes sandstone and slate member and the Berlevåg Formation. Between
Berlevåg and Store Molvik the black phyllites are interbedded with quartzites
and north of Trollfjorden occur strongly disturbed grey quartzites and grey
green phyllites. In the latter area the phyllites and quartzites of Berlevåg For
mation are thrusted directly on tke Sandfjord feldspathic grit, as it was already
mentioned above.

Although little v^oric has c>een done on the Berlevåg Formation it may be
concluded, in agreement with Holtedahl's (1918) opinion, that a SW-NE
running thrust, separating autochthonous (or para-autochthonous) and alloch
thonous sequences, dies out in 2 NE-direction and that on the N coa3t of the
Varanger Peninsula there is a continuity and transition from unmetamorphosed
to metamorphosed beds.
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Igneous rocks

Numerous dykes of basic rocks occur in the Barents Sea region, a feature
which seems to be characteristic of this region. The dykes are especially com
mon in the area between Kongsfjord and Syltefjord, intruding sedimentary
sequences of the Barents Sea Group. They are distinctly marked in morphology
as upstanding ribB within slaty, eaBilv 6iBinreKrare6 be^B of the Kongsfjord
Formation and apparently are most numerous keie. They are, however, equally
common in sequences consisting mainly of sandstones or carbonate rocks (e.g.
Ivlaidcaur Formation, Båtsfjord Formation). The 6ylceB UBua!ly do not reach
more than about 10 m in thickness; they occupy vertical fractures and, in
general, form a set striking in an ENE direction (60-80°). Il3U2ily the 6ylceB
do not exnibit an^ BiZNB of recconic 6iBiur!)2nce; in a ke^v caBeB, nov^ever, 80lne
deformation appears. This led Holtedahl (1918) to conclu6e tnat the intruBionB
loolc place before the orogenic disturbance in this region was completely
kini3necl.

Dykes of basic rocks do not occur in the Raggo Group. However, Holtedahl
(1918, p. 182) observed some thin (2-4 m) basic intrusions concordant to Ber
levåg Formation rocks at 3lconBvii! near Berlevåg.

Origin and age of sedimentary rocks of the Barents Sea region
The thick sedimentary rock sequences in the Barents Sea region, especially

those of the Barents Sea Group, would seem to be an unusual feature of the
geology of Finnmark. Only the sedimentary rocks of the Raipas Group at
Altafjord have been considered by Holtedahl (1918, p. 305) as "...an equi
valent of the series, seen on the north coast of the Varanger Peninsula". This
comparison was based on similarities between the sandstones and dolomites
with stromatolitic structures, present in bork these successions. The Raggo
Group shows a lithological similarity ro the Laksefjord Group described by
Føyn (1960) from the Laksefjord district (the first suggestion concerning this
similarity was made to us by Føyn, personal communication). In particular, the
Løkvikfjell Formation seems ro correspond to the Landersfjord quartzite and
the Berlevåg Formation to the Friarfjord phyllite. Except for the above-men
tioned similarities, no other lithological analogies between the Barents Sea
region and orker regions of Finnmark have been established up to the present
time.

The sedimentary rock sequences of Finnmark, especially the unmetamor
phosed ones of eastern Finnmark have manv times been compared with those
of Ribacij Peninsula, Sredni Peninsula and Kildin Island. Holtedahl (1960,
p. 125) even correlated particular lithological units occurring in bork these
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reZionz. Orker comparisons were of rather general character, especially those
concerning age. In the opinion ok manv ZeoloZiztz (Wegmann, 1928, 1929;
Lupander, 1934; Polkanov, 1934, 1936; Keller and Sokolov, 1960; Teller er.
al., 1963, pp. 103-113) the V.ibaci) and 3redni) Peninsulas mav be divided into
two geological regions: (1) a northern, allochthonous region, that of the Ribacij
Peninsula and (2) a southern, autochthonous region, comprising the Sredni
Peninsula an Kildin Island. The sedimentary rock sequences of the northern
region are thrust over those to the south. It was only Fieandt (1912) and later
Agapiev and Vronko (in Luktevic and Haritonov, 1958, p. 36)) > who 616 not
observe the presence of a large rnrußr kaulr benveen the Ribacij and Sredni
Peninsulas. This latter oponion, however, seems recently to have been repudiated
by Russian geologists (Keller et. al., 1963, p. 113); alckougk the rnrußt is not
marked on the "Carte tectonique de I'Europe" (I cd., 1964) or the "Tectonice
skaja Karta Eurazji" (1966). On the "Carte geologique de PEurope" (1964) a
kaulc (not tnrust) is 3ko^vn.

The Trollfjord - Komagelv thrust occurring on Varanger Peninsula has the
same SE-NW trend as the thrust which divides the Sredni and Ribacij Penin
sulas and would appear to be a direct prolongation of the latter. A conclusion
from this - and that favoured by the present authors - is that there is one large
thrust fault, or set of parallel thrust faults, which separates the Sredni and
Ribacij Peninsulas from each other and crosses Varanger Peninsula. Consequ
ently, the norrkern, allocktkonouB (called "excerior" by Xeller and 3olcolov,
1960), Ribacij block should correspond to the Barents Sea region ok Varanger
Peninsula, and the southern, autochthonous ("interior" after Xeller and 3olco
lov, 1960) block of 3redni Peninsula and Xildin Island Bkould be the valent
of the Tanafjord - Varangerfjord region. However, litho-stratigraphical cor
relation between the corresponding blocks is not at all easy. Comparison of the
lithological sections of the "Older Sandstone Series" and Vestertana Group
with those ok the "Kildinskaja svita" and "Volokova svita", differentiated and
described on Sredni and Kildin by Keller and Sokolov (1960), shows some
dissimilarities. It should, however, be emphasized that: (1) in both regions
shallow-water sediments are developed in which facies changes can be expected
to occur, even over small distances; (2) there is a slight angular unconformity
present between the "Older Sandstone Series" and the Vestertana Group
(Holtedahl, 1918, Føyn, 1937) and, similarly, the "Volokova svita" on Sredni
reBtB unconformably on a denuded surface of the "Kildinskaja svita"; (3) in the
"XildinBli2ia Bvita," dolomiteB occur (on Xildin >vitk BtromatolireB) vvkick ma^
be looBelv comriared with dolomireB occurring 2r the ror> of the "Older Sand-
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stone 3eries"; (4) ranZe3 ok tkicl«ieBB ok sediment2ry 3ec^uenceB in bork reZionz
are Bimilar.

I'illire3, preBenc in tke Ve3tertana (?roup and conBtitutinZ an important
korson in anv correlation ok Locambrian BedirnentB, are laclcinZ in tke "Volo-

Icova Bvica". Leynon et. al. (196?) BugZe3t, ko^vever, rkac tne tillire kolmarionB
ok tne VeBieltana (?loup obBerved in tne leirpollen area (Varanger ?eninBula)
ckin eaBNvar6s; ic i 3ckuB probable rkat tne3e kormacions diBappear in tklB
6ireccion an660 noe reacn inc 3re6ni peninzula reZion.

It can also be noted that the considerably thick sedimentary sequences of the
Barents Sea Group and the Raggo Group can to a certain extent be compared
wirk the sedilnentar^ succeBBion of the a!locntnonouB kibaci) Peninsula block.

A geological section across the Ribacij Peninsula has been described by
many authors (e.g. Fieandt, 1912; Wegmann, 1928, 1929; Lupander, 1924;
Tenner, 1936), lately by Agapiev and Vronko (in Lutkevic and Haritonov,
1958, pp. 365-366, and in Keller et. al., 1963, PP. 110-111) and the sequence
divided into the following formations, number 1 beinZ the o!6e3ti
1) "3vita L)na" - coalse-Zraine6, kelaBpackic 3an6BtoneB conZloinerates

anci pecuiiar ciolomicic concretiong up to 0.3 m in diameter. Intercala-
tions ok Bkale. I^iclcneB3 3600 m(!)

2) "^ubovBli2)a 3vica" - kel6Bpatnic san6stoneB and Bkale3 6lBtincr cleav
2Ae. I'kiclines3 ca. 900 m.

3) "Slates of dyp Naboloka" - dark-grey and black slates with closely packed
cleavaZe planeB; in Borne placeB yeiio^v concencrationB ok jarosite.
1/kiciineB3 not leBB tkan )00 m.
I'ot2i rkiclcnesB 5000 in.

krom tke 6eBcription ot rkiB 3ucceBBion it i 5apparent tkar rke Zreat
tkiclcneBB ok tke Beciiment2ry Be«^uence ok tke V.ibacii ?enin3ula and rke pre
dorninance ok cla3tic zedirnenrz are rke keatures wkick rnav beBt be u3ed in a

general cornp2liBon ok rkiB reZion rke LarentB 3ea reZion; a more preciBe
correlation i8nor PoBBible. It i3probabie, ko^vever, rkar e.Z. tke rkiclc clastic

"3vira Ljna" correBpondB to one ok tke tkiclc clastic kormationB ok tke Larent3
3e2 reZion (I.fjlcvilckieii korrnation? V23NXIinZ korlN2tion? korma
tion?).

OepoBirion ok tke tkiclc 3edirnencary Bec^uences ok tke Varent3 3ea reZion BeernB
to be clo3ely associated tke development ok 2 Zeo3yncline. Ike Larent3
Bea <^roup BtartB >vitk tke XonZBkiord kormarion xvkick exkibitB manv keatureB
rypical ok a ZeoBynclinal Zrevv/aclce kacieB. I'kiB karmarion paB3eB up^vardB into
mainly red keldBpatkic 32nd8tone5 ok tke LaznXlinZ ?orm2tion appeal3
ro repreBent a molane (red-bed) kacie3. kurrker upxvardB a calc2leouB kacieB
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occurs, rkiB being rke Båtsfjord Formation. Above rk2r a repeated sucession
compriBing rnoi2sBe kaciez and calcaeeoug lacies is represented by the Makkaur
Formation and 3ylreki'or6 Formation. The general picture, tkerekore, is of a
sedimentary basin, deep ar rke beginning but becoming gradually shallower,
being infiUed by sediments the accumulation of which was more rapid than
the basin's rate of subsidence. Periods of restriction of clastic sediment supply
are recorded by calcareous facies. In general terms this assemblage would
seem to be representative of the sediments which usually characterize the
cycle ok development of a geosyncline (miogeosyncline). The lower part of
rk 3.2ZZ0 Group (L^lcvilckieii Formation) rna^ be irirerpreie^ as a molane
facies, also connected with an orogenic cycle. The sedimentary environment
of the upper part of rkiB Zroup (Berlevåg Formation) is difficult to elucidate
because of secondary, metamorphic changes.

Evidence indicating an Eocambrian and Latest Precambrian (i.e. Hyper
borean) age for the sedimentary rocks of the Varanger Peninsula concerns
only the sequences present in the Tanafjord - Varangerfjord region and cannot
be used in considerations of the age of sedimenary sequences ok the Barents
Sea region. As mentioned previously, there is no lithostratographical correla
cion benveen rkeBe reZionz, 3eparatecl from eack orker as rkey are by a
large thrust.

No evidence for the age of any part of either the Barents Sea Group or
the V.2^o Group has 30 far been obtained. These rock sequences may indeed
be placed anywhere in the vast period ok time from Late Precambrian up to
Silurian. The Caledonian deformation of the above mentioned group is char
acterized by a NE-SW trend ot many structures and by a slight metamorphism
of the upper part of the Raggo Group. Considerations concerning a more
exact assignment ok age for the rocks in question may at this stage be based
only on the unsatisfactory method of comparison with rock sequences in
adjacent areas.

Comparison with rke Raipas Group, suggesed by Holtedahl (1918), gives
unsatisfactory results because the age of the latter is not definitely established,
referred either to "Esmarkian" (Rosendahl, 1945; Spjeldnæs, 1964) or to youn
ger Precambrian (Holtedahl, 1960; Reitan, 1960, p. 92; 1963).

comp2liBon tke 2ilockckonouB bloclc ok rke ?enin3ula, even

ik correcr, Brill 6oeB nor Bvlve rke problem ok 2Ze ok rke Be6imenrary roclcs ok
rke L2renr3 3e2 reZion. 2Ze kor rke roclcB ok tke kormer region K23 been
given a3ttyperborean by ?ollcanov (193^) on a ba3is ok comp2liBon wirk
3e6imenrary roclcB ok Loc2mbrian age on Varanger ?eninBui2(!). I^o^vever
rillireB kave been recor6e6 (legmann, 1928, 1929; I.up2n6er, 193^4) on
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Ribacij Peninsula, presumably within the sedimentary succession lecently
termed "Svita Ejna" (description of the geological Becrion after Agapiev
and Vronko in Keller et. al., 1963, p. 111). Agapiev and Vronico (1.c.) make
no mention of tillites, while Keller and Sokolov (1960) have argued
against a glacial origin for conglomerates previously called tillites. Later, how
ever, (Lungersgauzen, 1963, p. 567) the typicaiiv Zlacial ckaracrer of rillices
and tillite-like deposits of Ribacij, Sredni and Kildin has been accepted. 'lkig
opinion, in all probability based on new observation, can be kelplul in
establishing the age of sediments from Ribacij as well as the Barents Sea
region. However, it should be emphasized that the tillites of Ribacij, if they
do exist, may not necessarily correspond exactly in age to those from Finn
mark but could represent another, independent horizon.

Absolute age determinations of sedimentary rocks from eastern Finnmark
have not yet been carrie6 out, but Polkanov and Gerling (1960) have published
data concerning absolute ages of rocks fra. sre6ni, Xil6in and I^ibacij. The
absolute age of the glauconitic sandstone of the "Kildinskaja svita" on Sredni
came out at 920 mill. years, on Kildin 1030 - 1010 mill. years. An absolute
age ok phyllites from Ribacij has been established as 887 - 715 mill. years.

In any consideration of age of rock sequences from the Barents Sea region,
some previous, broad regional comparisons should be mentioned. Ramsay
(1897-99, 1911), Reusch (1920) and Tschernyschew (1902) suggested the
occurrence ok an old rnountain ckain, the rernn2ncB of which are no^v repregenrec!
by the I'ini2n niounr2inB, Kanin Peninsula, Xil6in Island, V.ibacij (^virk
Sredni) Peninsula and Varanger Peninsula. Holtedahl (1918), no^vever, 6i6
not accept the idea of an Timanian chain in Finnmark. Later, Schatsky (1958)
c!ekine6 the lirnani6e3 as 2 region including Timan, Kanin, Kildin and Ribacij,
which was deformed during rke Baikalian disturbance - older than Caledonian
- and Stille (1958) regarded cke same region 25 probably representative of an
Assyntian geoBvncline exren6ing weznv2r63 as far as Finnmark. It woul6,
therefore, seem that the Barents Sea region, vvkick occupie3 an iBolate6 poBi
rion in the geologv of Finnmark, Bkoul6 be reg2r6e6 as a part of the I'imani2N
rniogeosvncline.

3.irike2n roclc sec^uenceB ok X2nin 2N<l 'lirnan are rnet2rnorr>kosecl 2n6 cut

b^ i2rge bo6ieB ok igneou3 roclcB, 2n6 bec2UBe ok tklB 2 6et2ile<l litkologic2i
Birnil2ritv ro tke BectionB 2croBB eke L2rents 3e2 region c2nnot be expecte6. Oni^
rke upper, leBB rnet2rnorpko3e6 6iviBion ok tke V.ipke2N ok I'im2n (^Knr2vlev
2ncl (?2k210v, 1959)' conBiBting ok conglorner2tes, <^u2rr2ire3, 312re8,
un6algal lirneBroneB ma^ be looBel^ cornpareci xvirk tke rocliB ok tke L2rent3
3ea region. Ike berrer pre3erve6, rvpical secrion3 ok lniogeoBynclinal
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are those of the western slopes of the Southern Urals (Schatsky, 1945, 1958,
1960). I'ni3 ca. 10.000 m thick assemblage consisting of successions of varie-
Zare6 claBtic Be6inienrB and 6oioniire3 is, c^uire po3si^>le, a 6istanr bur slMllarlv
6evelope6 licnoBclariZlar)nical e^uivaienc of the Be6lmencalv Be<^nenceB of the
Barents Sea region. It should be mentioned that the Riphean of Kanin and
'liman is aiBo reZar6e6 as miosynclinal, similar to that of the W slopes of the
Southern Urals (Zhuravlev and Gafarov, 1959).

In conclusion, the above considerations concerning the rocks of the Barents
Sea region point ro an age rather older than Cambrian (i.e. Late Precambrian
and Locambrian, ZpalaZinirian, I^xpeldorean, Riphean etc), alcnouZn the
authors have a clear understanding of the hypothetical nature ok this statement.
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Norges geologiske undersøkelse legger hermed frem årsberetningen for
1966, det første hele året styret var i funksjon. Den skiller seg ikke meget
ut fra redaksjonen av de foregående års beretninger.

Jens A. W. Bugge
styrets formann

Karl Ingvaldsen
adm. direktør

Trondheim, 21. august 1967.
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Årsberetning for 1966

NGU's administrasjon.

Styret for Norges geologiske undersøkelse har i 1966 hatt følgende sam
mensetning:

Professor Jens A. W. Bugge, Universitetet i Oslo, formann,
Direktør Olav Øverlie, Christiania Spigerverk, varaformann,
Professor Niels-Henrik Kolderup, Universitetet i Bergen,
Administrerende direktør Karl Ingvaldsen, NGU,
Professor Steinar Skjeseth, NLH, Ås.

Varamenn:
Direktør Leiv Løvold, Folldal Verk A/S, Oslo,
Professor Rolf Selmer-Olsen, NTH, Trondheim.

I 1966 ble det holdt 6 ordinære styremøter.
Statutter for NGU, instruks for styret og ny instruks for adm. direktør

er fastsatt av Industridepartementet. Nytt ansettelsesreglement vil foreligge
først senere.

Den daglige ledelse ved NGU har i 1966 foruten adm. direktør, siv.ing.
Karl Ingvaldsen, bestått av direktør dr. philos. Harald Bjørlykke ved Geo
logisk avdeling, direktør c. r. Inge Aalstad ved Geofysisk avdeling og direktør
siv.ing. Aslak Kvalheim ved Kjemisk avdeling. Kontorsjef er c.j. Per Kr.
Gundersen. Direktør Bjørlykke ble sykepermittert fra 11. november 1966 og
senere har statsgeolog Thor L. Sverdrup delvis dekket førstnevntes funksjoner.

Personale.

i 1966.

Administrasjonskontoret:
*Ristan, Anne Margrethe, kontorfullm. I, 1. januar
Widerøe, Grethe, kontorassistent I, 20. juni, midl.
Møystad, Torill, kontorassistent I, 12. september
Bakken, Solveig, kontorassistent 11, 12. mai
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Geologisk avdeling:
*Wolff, Christian Fredrik, statsgeolog I, 1. januar
Juve, Gunnar, vitenskapelig assistent I, 1. januar

*Sørensen, Erling, konstruktør 11, 1. januar
*Nergaard, Lajla, tegner I, 1. januar
*Holiløkk, Lars, laborant I, 1. januar
Evensen, Lina, tegner 11, 17. januar
Johansen, Bjørn, kontorassistent 11, 3. februar, midl.

*Forbordsaune, Johan, laborant I, 1. april
Huirin, Ivar, vitenBlcapeli^ a33iBtenr I, 1. april
Iversen, Bjørn Sverre, kontorassistent 11, 1. september

Geofysisk avdeling:
Solvang, Terje, tegner I, 1. januar

*Godø, Rolf, tegner I, 1. januar
*Andreassen, Tore, tegner I, 1. juni
*Sagflaat, Hans, tegner, 1. februar, midl.
?Danielsen, Birgith, tegner, 1. februar, midl.
*Opsahl, Henrik, konstruktør 11, 1. mars, vikariat
*Østby, Solveig, tegner 11, 1. mai

DaiBeZZ, Lin2l, rekniBlc 285i5tenr I, 1. mai, vili2riar

Kjemisk avdeling:
*Taftøy, Inger, laboratorieassistent 11, 1. februar
*Holmberget, Edna, tegner I, 1. mars

Disse personer er gått over fra annen stilling eller engasjement ved institusjonen

i 1966.

Administrasjonskontoret:
3ii22ne3, X2li, Iconwltuiirn. I, 1. juli

Dalsbø, Gunn Helene, kontorassistent I, 11. april
Lunde, Kari, kontorassistent I, 1. august

Geologisk avdeling:
Vj^jrn, liantoraBBiBrent 11, 19. juli

Geofysisk avdeling:
<^ran, Xjeil, tegner I, 20. 2pril
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Kjemisk avdeling:
Holmen, Asbjørn, lab.ass. 11, 1. januar

Ved utgangen av 1966 hadde NGU følgende personale i heldagsstilling:
(Den oppførte ansettelsesdato angir tidspunktet da vedkommende ble knyt
tet til NGU i hovedstilling.)

Administrasjonskontoret:
Adm. direktør:

InZv2l6Ben, Karl, Biv.inZ., a. 1. januar 19)8

Bergingeniør:
ttaral6, Biv.inZ., a. 1. januar 196)

Kontorsjef-
Oun6erBen, ?er XriBtian, c. j., a. 1. olcrober 1960

korvalrer:

I'nc>lval6Ben, a. 1. juli 19)6

Bibliotekar:
V.v556a1, a. 1. oktober 1965

Fotograf:
InZernar, a. 1. auZuBt 1962

Regnskapsfører:
Hansen, a. 1. auZuBt 19))

Kasserer:
Nygård, Hjørdis, a. 17. juli 1961

Kontorfullmektig I
Ristan, Anne Margrethe, a. 1. mai 1961

Kontorassistent/fullmektig II:
Aursand, Marit, a. 1. august 196)
Widerøe, Grethe, a. 20. juni 1966, midl.
Møystad, Torill, a. 12. september 1966
Bakken, Solveig, a. 12. mai 1966



514
Vakt- og varmemester:

Wold, Jostein, a. 15. august 1961

Geologisk avdeling:
Direktør:

Bjørlykke, Harald, dr. philos., a. 1. august 1958

Statsgeolog I:
Lrocn, 01at c.r., a. 1. juli 1930
«olmzen, ?er, c. r., a. 1. juli 1939

Hagemann, Fredrik, c. r., a. 1. mars 1957, midl. tjenestefri fra 1. desember
Sverdrup, Thor Lorck, c. r., a. 16. november 1958
Bryn, Knut Ørn, er., a. 1. januar 1959
Carstens, Harald, dr. philos., a. 1. desember 1963
Wolff, Christian Fredrik, c.r., a. 16. februar 1960

Statsgeolog II:
3kalvoll, tlaral6, c.r., a. 1. juli 19)7
Trforkildsen, Christian Dick, c.r., a. 1. februar 1960
Gustavson, Magne, c.r., a. 1. januar 1961
Hysingjord, Jens, c.r., a. 15. august 1961
Gvein, Øyvind, c.r., a. 11. desember 1963

Midlertidig statsgeolog:
Poulsen, Arthur 1., cand. min.
Holmsen, Gunnar, dr. philos.

Vitenskapelig assistent:
Kollung, Sigbjørn Jarle, c.r., a. 1. april 1961
Nissen, August, c.r., a. 1. januar 1964
Englund, Jens Olaf, c.r., a. 3. oktober 1964
Hovland, Roar, siv.ing., a. 1. april 1965
Reite, Arne, c.r., a. 5. april 1965
kye, c. r., a. 1. juli 196)
Xil6al, Mlen 3iZmon6, c. r., a. 1. olcwber 196), rni6l.

(lunnar, c. r., a. I. januar 1966
tiulrin, Ivar, c. r., a. 1. auZuBt 1966
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Laboratorieingeniør I:
Graff, Per-Reidar, c. r., a. 1. april 1964

Konstruktør II:
IslemetBlu6, Harald lademann, a. 1. juli 19)7

3Orensen, LrlinZ, a. 1. mai 1963

Teknisk assistent I:

Hatling, Harald, a. 1. februar 1961
Gust, Johan, a. 1. dktober 1962
Røste, Johannes Rye, a. 9. desember 1963

preparant I:

Jacobsen, Tom, a. 1. mai 1962
Iversen, Egil, a. 1. august 1965

Laborant I:

Aarsland, Edvard P., a. 1. januar 1959
Holiløkk, Lars, a. 1. juni 1959
Forbordsaune, Johan, a. 1. januar 1961

Tegner I:
Vikholt, Halfrid, a. 1. mars 1955
Nergaard, Lajla, a. 1. januar 1962

Tegner II:
I.un6, a. 1. januar 1962
LvenBen, Lina, a. 17. januar 1966
Hemming, Beret, a. 1. desember 1966

Sekretær I:
Laura, a. 1. april 1961

Kontorassistent/fullmektig II:
(3unnil6, a. 1. januar 1962

leiZe, a. 18. kebruar 1964, mi6l.
Iverzen, Lj^rn Bverre, a. 1. Beptember 1966, rni6l.

Ln 6el ZeoioZer ve6anlire instituBjoner oZ vicierelcornne Btu6enrer nar vZerc
Icn^ccet til avdelingen 80rn vitenBlcapeliZe medarbeidere under Bainmeren3
marlcarbeid. Videre kar dive«e perBonell vZerc an3att i IcorccidBenZaBjementer.
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Geofysisk avdeling:
Direktør:

Aalstad, Inge, c.r., a. 1. oktober 1962 (15. juli 1952)

Geofysiker I.-
Sakshaug, Gunnar, siv.ing., a. 1. juli 1936
Singsaas, Per, 2. 1. september 1937
Hillestad, Gustav, siv.ing., a. 20. januar 1953

Fysiker I:
Breen, Arne, siv.ing., a. 1 desember 1940

Geolog I:
Svinndal, Sverre, c.r., a. 1 juli 1961

Geofysiker II:
Moxnes, Hans Petter, c.r..
Håbrekke, Henrik, siv.ing.

a. 6. juli 1959

a. 17. august 1959
3in6re, c.r., 2. 24. M2l 1961

Geolog II:
Tan, Tdk Hong, c. r. (nederl. eks.), a. 23. april 1959
L2llcey, Henri, c.r. (nederl. eks.), a. 1. desember 1963, midl,

Konstruktør I:
Uddu, Odd, a. 1. oktober 1952
Brandhaug, Kolbjørn, a. 1. september 1958
Haugan, Arne, 2. 1. juni 1961

Konstruktør II:
I>2iB2ulie, Nin2r, 2. 1. )uli 19)2, mi6l. rjeneBtekrl
opB2lil, I^enrilc, 2. 21. 2pril 19)3, vil(2l

Borformann:

Vl2tli, 2. 1. )2NU2I 19)3

<^2U8621, 066, 2. 20. Bepcember 19)7

V2BBdc»rn, sven, 2. 1. Berirember 1963

I'elcni3ic 288i8tenc I:

I)2I3eZZ, LlN2l, 2. 1. M2l 1966, Vll(2l
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Tekniker I:

Melleby, Peter, a. 14. november 1955
Blokkum, Oddvar, a. 17. januar 1961

'lelcnilcer II:

Staw, Jomar, a. 18. juni 1956

Laborant II:

Opdahl, Ragnar, a. 23. oktober 1957

lHbor2rolie2B3lBtent II:

Herm2nn, 2. 1. 2pril 1963, mi6l

Tegner I:
Grønli, Gunnar, 2. 12. januar 1956
Solvang, Terje, a. 1. januar 1961
Godø, Rolf, a. 1. januar 1966

'lore, 2. 1. )2nu2r 1966

Tegner II:
Haugen, Torbjørn, 2. 3. juni 1959
Østby, Solveig, 2. 14. august 1961

Tegner:
Sagflaat, Hans, 2. 1. februar 1966, midl.
I)2nielsen, LilZick, 2. 1. ledrii2l 1966, mi6l

Mekanikerformann:

Skauge, Ole, 2. 1. oktober 1937

Mekaniker:

Brevik, Bjørn, 2. 1. mai 1939
PenelBen, V.ei62l, 2. 2). M2lB 19)2
l^l2V3eck, 066, 2. 10. november 19)3

Insrrumentmaiiel

Xilkedv, Xkre, 2. 1). Beptemder 19)1

VerlcBte62lr)ei6ee

'lerli, 2. 1. oktober 19)8
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3nelilcer:

?errer3en, korman, 2. 18. iebruar 1946

Sekretær I:

3inZ8225, datkrine, a. 1. olccoder 1953

Kontorassistent/fullmektig II:
Wettavik, Vigdis, a. 1. mars 1964

Bud og betjent:
Hillesund, Tove, vikar fra 1. januar 1966

Avdelingen har 1 tegner i deltidsstilling. Videre nar en del personell vært
knyttet til institusjonen på annen måte, f. eks. i korttidsengasjementer som
tegnere. Ved avdelingen nar det dessuten vært engasjert ekstra personell til
feltarbeidet.

Kjemisk avdeling:
Direktør:

Xvaikeim, Biv.ing., a. 1. oktoder 194? (1. olcroder 193/)

Grennes, Johannes, siv.ing., 2. 1. mai 1943
Aarvik, Jon, siv.ing., a. 25. august 1950
kave, Gjert Chr., siv.ing., a. 10. desember 1958
Nilsen, Rolf, siv.ing., 2. 1. april 1963

Lirger 'lk., siv.ing., a. 15. ledruar 1961

(^eolciemilcer I:

Holviken, Vjjsrn, «iv.ing., a. 1. marB 1954, rnidl. tjeneBtetri

I^adoracorieinZeni^r II:,

j36eg2r6, Biv.ilig., a. 1. mai 1961

Xrog, Reidar, Ziv.ing., 2. 1. mai 1964
Brige, I.eil, c. r., a. 4. januar 1965

(^eolcjeinilcer II:
Itvatum, Ole j3., Biv.agr., a. 1. april 1961

Laboratorieingeniør I:
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Konstruktør I:

Berner, Beate, a. 4. januar 1955
Næss, Gunnar, a. 16. januar 1960
Solem, Knut, a. 1. januar 1961
Flårønning, Asbjørn, a. 1. juni 1964

Konstruktør III:
Ziverrsen, love, a. 9. januar 19)8

Teknisk assistent I:
Lremsetn, a. 9. november 1959

)okn a. 23. november 19)5

logner I:
Holmberget, Edna, a. 1. september 1960

Laborant I:

ttorZmo, LirZer, a. 1. mars 19)5

Ekremsæter, Jørgen, a. 1. september 1960
Wolden, Odd, a. 1. mars 1963
Storvik, Arne, a. 1. mars 1964
Kalvøy, Henry, a. 24. mai 196)

I.ilbolarolieasBistenc I

3lcarnolt, Biri, a. 1. januar 1961

Laboracorieassistent II:

lan, Llick, a. 1. juni 1963
lalrßv, Inger, a. 1. kebruar 1966

Sekretær I:

Versven^sen, I^., a. 1. juni 19)?

Xontorassizrenc/iullmelcriZ II:
Bt^ren, Lrna Leate, a. 29. november 196)

Xjemislc avcielinZ kar 6essuren pr. 51/12 i tjeneste 6 praktikanter,
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Ved utgangen av 1966 hadde NGU 139 stillinger, hvorav 122 fast organi
serte stillinger og 17 helårsengasjementer. Ved budsjettbehandlingen for 1967
fikk NGU innvilget fast organiserte stillinger som statsgeolog II og laborant I
til Geologisk avdeling og laboratorieassistent I ved Kjemisk avdeling ved
siden av stilling som teknisk assistent ved Geofysisk avdeling i helårsengasje
menr.

Bidjovaggeundersøkelsene hadde ved utgangen av 1966 tre medarbeidere i
kelar3enZasjement: Geolog Carl O. Mathiesen, bergingeniør Paul J. Paulsen
og sekretær Morten Sandvold.

Geokjemiker B. Bølviken fikk forlenget sin permisjon med ca. 1 år fot
medvirkning i FN-oppdrag i Equador inntil 1. april 1967.

Statsgeolog F. Hagemann er tilstått permisjon i inntil 1 år fra 1/12 1966
i forbindelse med et stipendium under Industridepartementet for en oljegeolog.
Statsgeolog K. 0. Bryn har under permisjonen overtatt som daglig leder av
Oslokontoret.

Budsjett og regnskap.

3tstBdu6Bjecrers Icap. 943

01. I^nninZer kr. 4.1)3.600— kr. 4.414.979,36

10. Xj^p av Kontorut3tyl » 34.)00,— » 34.679,93

11. Kj^p av keltutztvr » 112.000,00 » 111.3)7,41
12. Xj^p av inBtrumenter » 132.000,00 » 131.802,13

13. Xj^jp av maBkiner 0Z tl2N3portutBtyr » 49.)00,— » 43.378,26
1). Ve6likekol6 » 100.000— » 94.176,10

29. 6riktBMZikrer

291. KontormMer » 14).000,— » 160.?6),07

Icap. 3943 Budsjett Regnskap
Inntekter:

1. Oppdragsinntekter Icr. 570.000,— !kr. 1.018.100.39

2. Salg av kart og publikasjoner .... » 10.000,— 16.248 —

3. Salg av instrumenter m 10.000 — » 74.781,83

4. Andre inntekter » 10.000,— » 141.539,70

lcr. 600.000 — Icr. 1.2)0.669,92
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292. Irvknin^utsiiter kr. 115.000,— kl. 83.023,15
29). LyZninZ^ 6ritc ' 161.000— . 205.211,31
294. KeiBe- oZ lolpleininZButZ » 665.000,— » 672.305,79
295. rorbluknarer ' 371.000,— » 393.253.89

296. Vmze 6liltButZitter » 543.000,— » 545.685,68

ler. 6.581.600,— kr. 6.890.618,06

BtatBbu63jettetB kap. 945
20. I/n6er3KeiBer kr. 1.724.103,50 kr. 1.284.633,64

tty6loloZiBk 6eka6e kr. 230.000— kr. 22.747,21

vet or6inXre utZiitBbu63jetc kor N<3^s i 1966 var pa kr. 6.581.600,—,

mens regnskapet viste en sum på kr. 6.890.618,06. Budsjetterte oppdragsinn-
tekter m.v. for 1966 var kr. 600.000,—. I alt ble det oppnådd inntekter på
kr. 1.250.669,92 i6ec klere Zrener innen opp6l2ZBvirkB()mketen c»Z Bals av

inBtrumencer oZ Zeot>BiBke kart ZanBke veBentliZ.
Ve 63toltinZetB bevilZninZ 17. juni 1966 kikk Li6jov2BZeun6elB^keiBene

1,6 mill. kroner i tilleZZ til kr. 124.103,50 overHrr kra 6ec koreZ2en6e
budsjettår.

Fra virksomheten i 1966.

I 1966 iortzatte un6erBjskelBene i Li6jovaZZe me 66iamancdorinBer pa
lokaliteter nvor en kunne vence a linne ytterliZere rnalin. vet Urte ikke til

noen økning i malmberegningen fra januar 1966. En ny malmskjæring på
300 m 6yp ble oppna66 i 6en nnr6liZe 6el av ielcec. Lcrer keltBeBonZenB Blurr
er rapportniarerialet ztillet til 6iBpoBi3ioll kor 6e inrereBBenter Born nar mel6t
BeZ lor In6uBtli6er)alternenret.

ot)p6l2ZBvilkBornnet og nye korBkninZB
oppgaver ve 6en BtatBinBtituBjon.

55(311 nar kra Zammelr av katt Born en av Bine vikciZ3te oppZaver a betjene

nolBk nZerinZBiiv me6opp6r2ZBalbei6er av lorBkjelliZ art. Tn BtatBinBtitu3jan
som kan, i lnotBetninZ til inBtitutter un6er kolBkninZBla6ene, ikke

Belv 6iBponere ot>p6raZBinntektene Belv om 6iBBe overBkri6er 6e bu6Bjetterte.

Bidjovaggeundersøkelsene.
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Dette forhold er en betydelig ulempe for institusjonen og hindrer NGU i ikke
liten grad å følge med på aktuelle arbeidsfelter. Det medfører et unødig
handicap i disposisjonene ved NGU og forholdet ble berørt under Industri
komiteens besøk ved NGU i august. Styret har derfor fremmet en sak om
at det ved NGU bør opprettes ec disposisjonsfond hvorved en mindre del av
budsjettet kan disponeres av styret til f. eks. engasjement av personell, anskaf
felse av utstyr og dekning av driftsutgifter ved prosjekter og forskningsopp
gaver hvor NGU bør engasjere seg. Uten en slik «modernisering» i forvalt
ningen ved institusjonen, vil NGU ikke ha muligheter for å bearbeide
viktige saker som samfunnet har krav på at NGU forsøker å løse.

Balnarbei6s utvalg.

I 1966 na66e Zarnarbeidsutvalget ved Kl(?I7 4 rn^lter. I^rvalger Ka66e ved
utgangen av aret krigende representanter:

Ordningen med regelmessig legekontroll av personalet ved NGU kom i
gang i første kvartal, og tiltaket har vist seg 2 være meget gunstig. Kontrollen
utføres av dr. Hans Sejnæs. NGU-nytt — en intern informasjon ved NGU —
kom ut med to nummer i 1966. I det påfølgende ar regnes med 2 nummer
hvert halvår. Bladet er blitt mottatt med interesse bade av de ansatte og av
personer utenfor institusjonen.

Liblioceket.

tilveksten pa periodisk litteratur var 1.3Z2 bind og samlet antall pr.
51/12 1966 er 52.279 bind.

Loktilveksten var pa 255 bind og samlet antall ved utgangen av aret er 2420,
55(?17 kar sluttet 10 nve bvrceavcaler og kar na i air ca. 290 slike avtaler.

or administrasjonen:
K. Ingvaldsen, nestformann — varamann: Per Kr. Gunderse:

I.
» T. Sverdrup
» G. Hillestad

A. Kvalheim » G. Faye

Lepresentanter for de ansatte:
S. Bvinn6al, formann — varamann: M. Gustavson
K. Solem » J. Bersvendsen
A. Hanssen 0.
R. Pettersen » I'. Bolvans
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Møter ved NGU.
Stortingets industrikomite besøkte Norges geologiske undersøkelse 24. au

gust 1966, og fikk herunder, foruten en orientering om NGU og flere av dens
aktiviteter, mulighet for nærmere informasjon om personale, utstyr og ar
beidsoppgaver. Stortingskomiteen besøkte Geofysisk malmleting og Statens
råstofflaboratorium forrige gang i 1958.

Bransjerådet for bergverkene hadde møte i Trondheim 13. og 14. september
1966 og forhandlingene var henlagt til NGU. NTNF's forskningsutredning
1964 og råstoffundersøkelser var fremtredende emner på programmet. Bransje
rådet fikk samtidig en demonstrasjon av virksomheten ved NGU.

Utenlandsreiser og møter i utlandet.
Statsgeologene F. Hagemann, I. L. Sverdrup, F. Chr. Wolff, J. Hysingjord,

M. Gustavson, H. Skålvoll, 0. Gvein, geologene S. Svinndal og H. Barkey.
geokjemiker 0. Hvatum samt de vitenskapelige assistenter G. Juve, E. Kildal,
A. Reite, J. O. Englund og L. A. Kirkhusmo deltok alle i det VII. nordiske
geologiske vintermøte i Åbo —9. januar.

Direktør I. Aalstad, fysiker A. Breen, geofysikerne G. Sakshaug, P. Sings
aas, G. Hillestad, H. Håbrekke, H. P. Moxnes og geologene S. Svinndal og
H. Barkey deltok i det V. nordiske geofysiske vintermøte som ble avholdt i
Stockholm 11. 13. januar.

Statsgeolog F. Hagemann deltok i perioden 28. febr. mars i det I. nor
diske møte i den Internasjonale Hydrologiske Dekade i Hesselby, Sverige.

Geofysiker H. P. Moxnes deltok i et møte som komiteen for automatisk
databehandling av geofysiske observasjoner avholdt i Stockholm 28. april.

Statsgeolog Chr. D. Thorkildsen foretok i perioden 18. 28. mai en studie
tur til Sverige og Finland for a se på geokronologiske laboratorier.

De vitenskapelige assistenter A. Reite og N. Rye deltok i tiden 18. 28. mai
i en kvartærgeologisk ekskursjon i Danmark, arrangert av Geologisk Institutt,
Universitetet i Bergen.

European Association of Exploration Geophysicists avholdt sitt årlige møte
i Amsterdam i dagene —17. juni. Geofysikerne G. Hillestad og A. Sindre
samt fysiker A. Breen deltok i dette møte.

Direktør H. Bjørlykke samt statsgeologene I. L. Sverdrup og F. Chr. Wolff
deltok i et møte vedrørende de internasjonale geologiske kart (geologiske,
tektoniske og metallogene). Møtet foregikk i Paris i tiden 20. 30. juni.

Statsgeologene H. Carstens og M. Gustavson deltok i den skandinaviske
vulkanologiske ekskursjon på Island 31. juli—15. august.
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Adm. direktør K. Ingvaldsen deltok i dec årlige nordiske direktørmøte i

Kiruna, Sverige, 4. 6. august.
3tarsZeoloZene It. 3lcalvoll oZ j3. (^vein deicolc i en elcBlcurBi'on i 3/6- oZ

i tiden 15.—1?. auZuBt.

Statsgeolog H. Carstens deltok i et symposium arrangert av IMA i Cam
bridge 29. august 3. september.

De vitenskapelige assistenter A. Reite og N. Rye har deltatt i en ekskursjon
i Jamtland i tiden 29. aug. 4. sept. for å studere de klassiske isavsmelt
ningsområder.

Likeledes foretok statsgeolog P. Holmsen sammen med dr. Jan Lundqvist,
3(i^s, en lenge planlagt reise til de samme iBavBmeltninKBc)Mla6er.

Geolog S. 3vinn6al deltok sammen med geolog H. Barkey i den kongress
som organisasjonen International Society of Rock Mechanics avholdt i Lisboa
i tiden 25. september l. oktober.

Statsgeologene F. Hagemann og K. 0. Bryn deltok i et symposium over
grunnvann, avholdt i Stockholm 11.—13. oktober i forbindelse med den
Internasjonale Hydrologiske Dekade.

Vitenskapelig assistent R. Hovland deltok i Bergingeniørenes møte som
ble holdt i Stockholm 12.—14. oktober.

Statsgeolog F. Hagemann deltok 17.—19. oktober i Arbeidsgruppe for brønn
arkiv, den Internasjonale Hydrologiske Dekade, København.

Direktør A. Kvalheim og laboratorieingeniør J. Krog deltok —10. novem
ber i en konferanse arrangert i Stockholm av Sveriges geologiska undersøkning
nvor emnet var geokjemisk prospektering, og hvor deltakerne var fra Fin
land, Sverige og Norge.

Direktør A. Kvalheim besøkte i tiden 12.—16. desember Centre de
3.ecnercneB Petroprahique et Oeocnemique i Nancv, Frankrike, for utveksling
av erfaringer og arbeidsmetoder.

Publikasjoner.

Redaktør for NGLTs publikasjoner er statsgeolog Fredrik Hagemann.
235. Ottar Jøssang: Geologiske og petrografiske undersøkelser i Modumfeltet.
236. Harald Bjørlykke: De alluviale gullforekomster i indre Finnmark.
237. Viggo Wiik: Petrological Studies of the Neiden Granite Complex.
238. Studies on the Latest Precambrian and Eocambrian Rocks in Norway.

Kso. 1. 3edimenrarv rietroioZv ok me 3paraZmitez ok cne N.ena discricr,

3. Norway. By Knut Bjørlykke. No. 2.
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Sparagmittgruppens bergarter ved Fåvang, Gudbrandsdalen. En sedi
mentologisk og tektonisk undersøkelse. Av Jens-Olaf Englund.
Magne Gustavson: The Caledonian Mountain Chain in the Southern
Troms and Ofoten Areas. Part I. Basement Rocks and Caledonian
Metasediments.

239.

240 Ivar Ramberg: Kongsfjell-områdets geologi — en strukturell og petro
grafisk undersøkelse i Helgeland, Nord-Norge.
Inge Bryhni: Reconnaissance Studies of Gneisses, Ultrabasites, Eclogites
and Anorthosites in Outer Nordfjord, Western Norway.

241

242 Årbok 1965. Innhold: Jens-Olaf Englund: Grunnvann i sparagmittgrup
pens bergarter i Syd-Norge. Meddelelser fra Vannboringsarkivet nr. 14.
Torgeir Falkum: Structural and Petrological Investigations of the Pre
caml)li2n Metamorphic and IZnec>uB Charnockite and Migmatite Complex
in the Flekkefjord Area, Southern Norway. (A preliminary report).
Rolf W. Feyling-Hanssen: Geologiske observasjoner i Sandnesområdet.
Fredrik Hagemann: Silurian Bentonites in the Oslo Region. Michael
Holmes: 3ttucture of the area north of Ørnes, Nordland, Norway.
Gunnar Holmsen: Minner fra geologisk feltarbeid i Nordland for 60 år
siden. Per Holmsen og Steinar Skjeseth: Trysilhevningen mellom Osen
sjøen og Jordet i Trysil. En foreløpig meddelelse. Med kort beskrivelse
av 6iarn2ncbollcierne, ved J. P. Nystuen. Ellen Sigmond Kildal: Note on
the geology of the archipelago NW ok Bergen ("Øygarden"). M. Mor
tensen: Aldersbestemmelse av "fossil furu" fra Nord-Østerdal. Hans P.

Moxnes og Øivind Solvang: Beregning av cellenglcorre^ioner med
elektronisk regnemaskin og fotogrammetrisk utstyr. Robin Nicholson:
On the relations denveen volcanic and orker rodks in the fossiliferous
east Lomivann area of Norwegian Sulitjelma, Announcement. Årsberet
ning for 1965. Fortegnelse over publikasjoner og kart.

ve ) BiBte pudlil(aBjonene die noe kor^nlcer un6er trvlclcinZen oZ korela
i Kan6elen kellBt litt ut i 1967.

Geologisk avdeling.

Statsgeolog Th. L. Sverdrup nar fra 11/11— vært bemyndiget som daglig
leder ved Geologisk avdeling under direktør H. Bjørlykkes sykdom.
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Berggrunnskartlegging.
3eksjonen3 leder er scarBZeoloZ k. dkr. V^olik.

Ved seksjonen har i 1966 følgende arbeidet: Statsgeologene H. Carstens,
F. Chr. Wolff, H. Skålvoll og M. Gustavson samt de vitenskapelige assistentene
S. Kollung og E. S. Kildal (Bergen). I tillegg har seksjonen hatt følgende
engasjerte medarbeidere: Dr. David Roberts, dr. Anna Siedlecka og professor
Stanislaw Siedlecki.

Seksjonen har dessuten hatt en rekke sommermedarbeidere fra inn- og ut
land. En del av geologene fra andre seksjoner innen institusjonen har utført
berggrunnskartlegging i sommerhalvåret.

Det er i 1966 utført berggrunnskartlegging innen følgende 1 : 250 000 blad
(AMS serie M515):

Vadsø: På gradteigene (1:100 000) Berlevåg, Tana, Makkaur, Båtsfjord
av engasjert statsgeolog 8. Siedlecki og engasjert vit. ass. A. Siedlecka.

Karasjok: På gradteigene Bæivasgiedde og Isskuras av statsgeolog M.
31i2iv0i1 (sammen med den finske geolog Topi Poutto).

Mosjøen: På 1 : 50 000 bladene (AMS serie M711) Drevja, Elsfjord, Nesna
og Mosjøen av vit. ass. A. Nissen.

Trondheim: På rektangelbladene (1 : 100 000) Meråker, Stjørdal og Essand
sjø av følgende: Statsgeolog F. Chr. Wolff (prosjektleder), dr. D. Robetts, dr.
A. 3ie6lecka, professor S. Siedlecki, dr. Z. Pele, dr. M. Fisera. Arbeidet er
koordinert med malmgeologiske undersøkelser som drives av Skorovas Gru
ber A/S. Kartlegging på rektanZeibiadet Trollhetta er utført av vit. ass. S.
Kollung.

Hamar m. Torsby: På 1 : 50 000-bla6er Finnskog av statsgeolog F. Chr.
Wolff, på blad Flisa av dr. R. Roberts, på blad Strøm av statsgeolog J.
Hysingjord og på 1 : 50 000 Kongsvinger av statsgeolog 0. Gvein.

Lillehammer: De vitenskapelige assistenter J. O. Englund og L. A. Kirkhus
mo ved hydrogeologisk avdeling samt stud. real. H. C. Seip har sammen med
sommermedarbeidere fortsatt kartleggingen under ledelse av professor S.
Skjeseth ved Norges landbrukshøyskole.

Årdal: På 1 : 50 000-bladene Tyin, Øye, Vang og IturrunZane av statsgeolog
M. Gustavson, og på bladet Borgund av vit. ass. E. S. Kildal (en kortere tid).

Oslo: Orienterende kartlegging på 1 : 50 000-bladene Rødenes og Øymark
ved statsgeologene H. Skålvoll og M. Gustavson. Kartlegging på blad Setskog
av M. Gustavson.

Klandal: ?a ZradteiZ V37V i 3eteBdal av vit. aBB. 3. XollunZ. BrarBZeoloZ 11.
dalBrens kar arbeidet i LZersundskeltet.

3auda: ?a ZradreiZ Band ved vit. ass. R. 8. Xildal.
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Måløy: På gradteigene Lavik og Kyrkjebø av vic. ass. E. S. Kildal, som også
har vært prosjektleder for det arbeide som, med støtte fra NGU på dette
kartblad, utføres av studenter ved Universitetet i Bergen.

Av 1 :250 000-bladene er Måløy ferdig kartlagt og vil bli trykt i løpet
av 1967.

Blad Pechenga (Kirkenes) er ferdig kartlagt, men ennå ikke sammentegnet
Grong-bladet er på det nærmeste ferdig kartlagt.

Kvartærgeologisk kartlegging.
Ved den kvartærgeologiske seksjonen har følgende arbeidet i 1966: Stats

geolog P. Holmsen, vit. assistenter A. Reite og N. Rye. Videre har pensjonert
statsgeolog G. Holmsen vært tilknyttet seksjonen.

Statsgeolog P. Holmsen har sammen med assistenter videreført arbeidet på
landgeneralkartet Jotunheimen som omfatter 15 norske gradteiger, eller 28 av
AMS-kartene (NATO 1:50 000). Statsgeolog P. Holmsen har i år vesentlig
arbeidet innen kartene Borgund, tturl^n^arie, 'lyin, Sygnefjell og Visdalen.

Vit. ass. N. Rye har fortsatt arbeidet med undersøkelse av økonomisk vik
tige sand- og grusforekomster i Vest-Norge i samarbeid med dr. G. Holmsen.
Feltarbeidet har foregått vesentlig i Rogaland, Møre og Romsdal og kar gått
ut på å oversiktskartlegge større forekomster.

Vie. aBB. keire kar korrBacr den kv2rtXlZeoloZi3lce IcarcleZZinZ innen
51, 52, I'rondkeim.

?enBjonerr BtacBZealoZ, dr. (?. HolmBen kar i inneværende ar tortBarc arbei
dec med a 3VBtemaciBere norBlce ZlUBkorelcoMBrer.

Vie. aB3. R.eire kar korerarc en bekarinZ med plfjvecalcinZ av morener i

Orlcdal 0S !<lelBlcoZen/()ppdal.
I^^nnec av I>ondkeim Icommune k2l inZeni^rZeoloZ X. Xo^alilc arbeider

med underB^lcelBel av I'rondkeimB bvZZeZrunn.

Hydrogeologi.
Seksjonens leder er statsgeolog F. Hagemann. Under hans permisjon ledes

avdelingen av statsgeolog K. 0. Bryn. Ved seksjonen har følgende arbeidet:
Statsgeologene F. Hagemann og K. 0. Bryn, vitenskapelige assistenter J. O.
Englund og engasjert vit.ass. L. A. Kirkhusmo.

BamcliZe kar vZerc beBlcjelrigec med oppdraZ i korbindeke med ZrunnvannB
korByning ved boring i ka3t kjell oZ I^BavleirinZel.

Det er utført en rekke befaringer i forbindelse med planlegging av enkelt
og felles vannforsyningsanlegg.

XonBtlulcc^r I'. XlemetBlud kar underet muliZkerene kor Zrunnvannglor-



528

Bvning fra sand- og gruB2vleiringer. I løpet av året er det bvggec en rekke
vellykkede rørbrønner forskjellige steder i landet på grunnlag av hans for
undersøkelser, eksempelvis Tinfos Jernværks to rørbrønner som gir 7000 liter/
min. pr. brønn.

Bamarbeid er innleier med 3rarenB InFtiturr kor kalkenere kor a underB^lce

Bammenkengen mellom BporBtc>kker i drilclcevann og enlcelte Bylcdommer.
Arbeider med a Bamle vannbolingB2ll<ivetB data pa nulilcorr er Icommer i

ZanZ i Bamarbei6 me 6kc»lBvaretB korBlcninZBinBrirutc.
Arbeidet i forbindelse med den Internasjonale Hv^roioZig^e Delca^e kom

i gang i 1966. De nødvendige midler ble bevilget fra Konsesjonsavgiftsfondet.
De fleste større arbeider vil foregå på Romeriksfeltet. Vit. ass. Geir Goffeng
og vit. ass. Svein Roar Østmo er ansatt i forbindelse med dette prosjektet.
Registrering av grunnvannsbrønner og observasjonshull på Romerike er fore
tatt, og geofysiske målinger er utført ved geofysiker G. Hillestad. Gjennom
IHD er det innledet et skandinavisk samarbeid for fremstilling av nx^ru
geologiske kart.

raBtc»kier og bvgningBBcen.

Seksjonens leder er statsgeolog Th. L. Sverdrup. Ved seksjonen har i 1966
følgende vært ansatt: Statsgeologene Th. L. Sverdrup, J. Hysingjord, Chr. D
Thorkildsen og 0. Gvein. Vit. ass. I. Itulrin har delvis arbeidet ved denne
seksjon og delvis ved malmseksjonen.

Statsgeolog Th. L. Sverdrup har foretatt befaringer vedrørende kalksten i
Nord-Trøndelag, og NGU har utført diamantboringer i kalken på Hylla. Videre
har han foretatt befaringer vedrørende kvarts og sammen med statsgeolog
J. Hysingjord har han utført et større undersøkelsesarbeid vedrørende feltspat
og kvarts for Feltspatkompaniet, Evje, og Elektrokemisk A/S, Fiska Verk.
Arbeidet med kvarts-feltspatforekomster i Østfold vest for Glomma ble tilnær
met avsluttet sommeren 1966. Statsgeologene H. Skålvoll og Th. L. Sverdrup
foretok ut på høsten en befaringsreise i Finnmark. Sand- og skiferforekomster
samt Raipas og Ulveryggen ble besøkt. Sammen med statsgeolog Chr. D.
Thorkildsen og teknisk assistent E. Sørensen undersøkte Th. L. Sverdrup berg
arter i Vest-Agder og Rogaland med henblikk på sten til vegformål.

Statsgeolog J. Hysingjord har foretatt undersøkelser av feltspat ved Here
foss, gabbro og kragerøitt i Kragerødistriktet, kvarts og feltspat i Rakkestad
og olivinsten i Kjølsdalen. Han har i sommerhalvåret arbeidet med kvarts og
kvartsitt i Trøndelag, Møre og Nordland, dessuten ledet diamantboringene
etter kvarts og feltspat i Evje og nær Lyngdal og endelig foretatt reiser for
innsamling av bergarter og elvesand for tungmineralundersøkelser.
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Statsgeolog Chr. D. Thorkiidsen har foruten bearbeiding av innsamlet ma
teriale, foretatt innsamling av materiale for aldersbestemmelser. Videre har
han foretatt befaringer av skiferfelter i Sør-Trøndelag, marmor på Roan i ytre
Trøndelag og kleberstensforekomst i Målselv.

Statsgeolog 0. Gvein har foretatt skiferundersøkelser i Sollia i Atnadal,
Vinstra, Lom, Vågå og Snåsa. Den siste befaringen er utført med henblikk på
diamantboringer i diverse skiferforekomster for å undersøke spaltbarhet av
skifer mot dypet. Han har videre undersøkt mørk labrador ved Vik i Tjølling
og gneisbergarter i Nord-Trøndelag.

Vit. ass. I. Hultin har som oppdrag undersøkt kalk og kleberstensforekomster
i Lom og klebersten i Målselv. Videre har han fortsatt kartleggingen av serpen
tin-kromittfeltene i Røros Feragen-distriktet.

3tatBZeoioZ X. Vrvri kar toretatt bekaringer kor ?larixekoBs Vrulc kor
2 kaBtsia IcallcBterieliB videre korlFp.

Seksjonen har i år hatt følgende oppdragsgivere: Meråker Smelteverk,
Kopperå, Hylla kalkverk, Røra, Orkla Grubeaktiebolag, Løkken Verk, Norsk
Feltspatkompani, Evje, Elektrokemisk A/S, Fiska Verk, Kristiansand, Tiltaks
rådene i Lom, Vågå, Vinstra og Fosen, Vigsnes Kobberverk, Karmøy, Industri
departementet, Bjørkaasen Gruber A/S, Oslo, og Trondheim Domkirke.

Malm.

Direktør It. LjSliKke k2l ledet BekBjonen i det korljspne 21. 3ekBjonen k2l
i 1966 katt MZende anBatt' Vit. 288. 3.. Hovl2nd, vit. 288. 6. Juve «Z tekn. 288.
I. <^vlst. Vit. 288. I. Hulrin kar delviB arbeidet innen malmsekBjonen.

Vit. 288. R.. Hovi2nd k2l i l^pet 2v kret bek2rr en rekke nolBke ilmenitttore-

KomBter i er pi2nlaZt arbeid kor a BV3tematlBere diBBe torekomBter. Itan kar

vXrc tilknytter ss(;U'B oppdraZ tor National InduBtri i «.epparkjord, oZ
k2l videre toremrt bek2linZ 2v molybdenk^rende Z2NZer 92 on2kolmen i 3siir-

Vit.aBB. Q. kar korgatt kartleZZinZen av I.akBelvdalen3 kobberkore-
KomBter. 'lidviz kar kan katt 3amarbeid med rektor 3ven k^^n, vir. 288.

Hultin, cekn. 288. (?nBt 82Mt 2ndre 80lnmermed2lbeidere. 32M2rbeider med

3ydv2l2NZerB kelcZruppe vedrørende blyproBpekterinZ i tjelikjederanden
kortBarte.

'lekn. aB3. ). l^uBt k2l i Ksii3t 2lbeider med tremBtillinZ 2V nye 2NviBninZ3karc
over I2ndetB M2lmtorekom3ter.

I^2imBekBionen k2r i l^pet 2V kret kortart innB2mlinZB2rbe!det kor a ka en
82 komplett m2imB2mlinZ 80M muliZ. VeBklivelBe 2V 82mlinZen8 preparater
kar paZarr.



330

Laboratorier og preparantverlcBte6.

Kjemisk laboratorium. Laboratoriets leder er laboratorieingeniør P. R. Graff.
Ved laboratoriet har følgende vært ansatt: Laboratorieingeniør P. R. Graff,
teknisk assistent I J. Røste, laborant I E. Aarsland samt praktikantene Carsten
Qvenild og Anne Karin Buhaug.

I løpet av året er det utført 66 silikatanalyser og 265 andre analyser, vesentlig
for institusjonens geologer.

Videre er det utført arbeider som rensing av stoff, konsentrering av mine
raler og tillaging av spesielle blandinger for mineralidentifikasjon.

Endelig har en nå startet opp arbeidet med kartotekføring av alle fulle
analyser av norske bergarter.

Radiometrisk laboratorium. Daglig leder er statsgeolog Chr. D. Thorkild
sen. Det er som tidligere foretatt radiometriske målinger av prøver innsamlet
av NGU's geologer og av innsendte prøver.

Mineralseparasjonslaboratoriet. Daglig leder er statsgeolog J. Hysingjord.
Ved laboratoriet er arbeidet fortsatt i gang med mineralseparasjon ved hjelp
av tunge væsker.

Innsamling av bergarter og mineralseparasjoner for aldersbestemmelser av
norske bergarter ble påbegynt. Arbeidet skal foregå i samarbeid med Institutt
for Atomenergi.

Réntgenlaboratorium. Daglig leder er statsgeolog J. Hysingjord. I løpet av
året er det gjort 500 opptak på røntgenlaboratoriet. Antallet forespørsler og
innsendte prøver er som foregående år.

Jordartslaboratoriet. Daglig leder er konstruktør E. Sørensen. Analysearbei
det ved laboratoriet har i vesentlig grad vært utført for a undersøke bergarters
anvendbarhet i faste veidekker. Det er utført analyser for sprøhets- og flisig
hetskontroll av bergarter. Videre har laboratoriet utført kornfordelingsanalyser
av sand og grus.

Analyser er utført for a kontrollere borkjernematerialers anvendbarhet som
undersøkelsesmateriale for sprøhet og flisighet sett i relasjon til utskutte
bergartsprøver.

Preparantverkstedet. Ved verkstedet har preparantene T. Jacobsen og E.
Iversen arbeidet i 1966. Det ble i løpet av året fremstilt 1448 stk. tynnslip
og 414 stk. polerslip. Antallet kombinerte tynn- og polerslip har øket til
156 stk.
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Lergarlciver.
lor bergarlcivet er lcontorkullmelctig (^

Omleggingen av arlciveringsmacen kol rapporter vedrørende «Industrielle
mineraler og bergarter» ble avslutter i 1966.

Arbeider med nyregistrering og nummerering av Icarcsamlingen vedrørende
malm- og mineralkorelcomscer er pabegvnt. Der er i den korbindelBe rare i brulc
nve Icarrotolclcorr som gir opplysninger om rapporter og Icarcer vedrørende
lorelcomstene. Også tracinger vil bli registrert, tidligere die 3 Icorc benytter
ior 6iBse reZigrrerinZene.

Bergarkivet har i 1966 hatt en tilvekst på 212 rapporter, 99 rapporter
vedrørende «Industrielle mineraler og bygningssten», og 113 rapporter ved
rørende «Malmer».

Bergarkivet omfatter pr. 31/12 4771 rapporter, hvorav 3813 vedrører
malmer og 958 industrielle mineraler og bergarter.

I'ilvelcBten pa Icarter i 1966 er 11), cracinZer 6.

Pensjonert statsgeolog A. O. Poulsen arbeider ved Oslokontoret med inn
samling av data, delvis for Bergarkivet og delvis for sin publikasjon om glim
mer i Norge.

Geofysisk avdeling-.
Feltarbeider.

Geofysisk avdeling har i 1966 utført 46 oppdrag med i alt 1340 feltgruppe
dager. Av disse ble 19 oppdrag med 574 feltgruppedager utført for egne
midler, mens 27 oppdrag med ril sammen 766 feltgruppedager ble utført for
oppdragsgiver utenfor institusjonen.

I det MZende er de vilctiZste oppdraZ lcorc omtalt, ordner etter kaiområder.

Geofysiske bakkemålinger og borhullsmålinger.
Som en fortsettelse av forrige års undersøkelser ble det etter oppdrag fra

A/S Sulitjelma Gruber utført elektromagnetiske målinger i området Anna
Grube—Balvatn. Målingene ble utført under ledelse av geofysiker G. Sakshaug.

?or 3.^10s Xobberverlc ble der under ledelse av Zeokvsilcer (3. 3alcsnauZ

utk^lrc elelitromagnetislce malinger ved Kongens Orube og over et st^rre oru

rade i Vangr^kcdalen. kor samme oppdragsgiver ble der undee ledelse av geo
tvsilcer?. 3ingsaas utk^lrr elelcrromagnerislce malinger i Bcor^vart2omradec og i
diamantbornull ved Kongens <^rube.

?or kolldal Verlc ble det under ledelse av Zeokvsilcer ?. 3ingzaas urkM
er vel 3 måneder langt oppdrag med elektromagnetiske malinger av Btjsrre
omrader i I^esja, kolldal og Oppdal nerred og er mindre område i Alvdal.
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Malinger med I? (induBert polali8a8jon) ble utkzsrr av geoivBilcer 3indre

i 3.epp2lijold Bom oppdl2g kor National Industri.

Tyngdemålinger av flere mindre områder ble utført for Folldal Verk A/S
av geofysiker A. Sindre og konstruktør A. Haugan.

malinger i bomull ble utt^rr kor koBdalenB LergvellcB>^/3 av
tvBilcer Lreen.

Flymålinger.

De geofysiske målinger utført fra fly ble fortsatt i 1966. Til målingene
ble benyttet et 4 motors fly av type Heron som ble leiet fra Nor Flysel
skap A/S, Hønefoss. Målingene ble ledet av geofysiker H. Håbrekke med
konstruktør K. Brandhaug og tekniker O. Blokkum som assistenter.

Flyet ble benyttet i alt 403 flytimer, og det ble målt en samlet rnokilleriZ6e
på ca. 59 000 km.

Som en fortsettelse på den systematiske dekning med profilavstand 500 me
ter ble i alt ca. 10 000 km2, fordelt på Nord-Trøndelag, Femundsområdet og
Kongsvingerområdet målt med magnetisk, elektromagnetisk og radiometrisk
måleutstyr.

Magnetiske målinger med profilavstand 1 km ble utført i et ca. 4000 km2
stort område over øyene Frøya, Hitra og Smøla.

Bom oppdrag kor koildal Verlc /V/3 ble 6ec urk^rr Icombinerre magneriBlce
og elelcrromagneriBlce malinger over er ca. 6000 lcm^ Brorr omra6e mellom
Dovre og Alvdal.

'lil magneriBlce malinger over XontinenralBolclcelen ble 6er benvrrer i 2lr
14) klvrimer. 6erre ble 50 klvrimer anvencir ril a urvi6e 6er i 196) malre

omra6e videre veBwver ut over Lgga, 33 timer gilclc me 6til 2 delclce 30lclcel

omrader videre Bvdover ril 62" (3radt), og 62 rimer ble benvrrer ril malinger
i omrkder Ll^nnjsvBund—^l^okoren (I'lien2banlcen). Bom koregaende ar ble der
benvtter I^orannaviga^on og klaver med en proiilavzmnd P2ca. ) lem.

I ißpet 2v 2rer ble )1 2erom2gneriBlce olfenrliggiorr. Xarrene er i
M2ieBtol(lc 1 :)0 000 og nar Bamme bladinndeling Bom KsOo'B lcarrBerie i

denne male3tolclc. 82mmen med de k^lBte 29 Ic2ltblad Bvm ble oklenrliggjorc
i 196) er dermed i alr 80 blad riiBvarende er areal pa vel )0 000 lcm^ urgicc.

Seismiske malinger.
ver ble mrOrt ? oppdrag med Bammenlagr 134 kelrdager.

ve ileBre oppdragene vae Icorrv2rige og gilclc ut pa 2, beBtemme overdelclce
melctigneten i rillcnvtning ril anleggBtelcniBlce problemer.

I I.iel23en ble der lor Ks3L utl^rr et 3t^rre oppdrag over en runnelrrace kvor
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det er satt i gang drift fra begge sider. Dette arbeid sorterer under Drammens
banens Dobbeltsporanlegg. Overdekkemelktigheten var her av sekundær be
tydning. Det primære var å registrere lydens forplantningshastighet i fjell for
derved a kunne kartlegge svakhetssonene.

Det andre oppdraget av større omfang gjaldt målinger på Romerike i for
bindelse med den Internasjonale Hydrologiske Dekade. ver gjaldt her a fast
legge grensene mellom forskjellige typer grusavsetninger, grunnvannsnivået
samt beliggenhet av fast fjell.

Vår Interval Timer O'l'2 har vært i USA for ombygging, og den fungerte
etter modifikasjonen meget godt. De fleste målingene ble utført med denne
apparaturen. Geofysiker A. Sindre utførte et mindre oppdrag på Hjerkinn,
mens de øvrige oppdrag ble ledet av geofysiker G. Hillestad.

Ingeniørgeologiske arbeider.
Undersøkelser for Statskraftverkene. I forbindelse med Eidfjordanleggene

arbeidet geolog H. Barkey i ca. 4 uker pa Hardangervidda mens ca. 2 uker
giflck med til undersøkelser for Jotunheimanleggene.

(teolog 3. 3vinn6al arbeider ca. 3 ulcer ve63il6vilc og 3lcjomen lcraltanlegg i
Oloren og ca. 2 ulcer ve6I'roiikeim lcralranlegg.

Undersékelser i kraftverkstunneler. Som et ledd i en plan om å få en syste
matisk geologisk undersøkelse i alle tunneler som drives i forbindelse med
kraftverksutbyggingen ble det engasjert en tysk geolog, Bernd Weber. Han
arbeidet i 3 måneder og foretok kartlegging ved —^^eB-anleggene, Kvæn
angen kraftanlegg og Ranaanleggene. Geolog H. Barkey deltok delvis ved
Uste—Nes og i Rana. I alt ble det kartlagt ca. 23 km tunnel.

Malmgeologiske undersøkelser.
In6re kinnmarlc. (teologene 3. 3vinn6al og I'. H. 'lan me6telcnilcer ). 3cav

Bom aBsi3tenr iortBarre un6erBjslcelBene i Xautolceino Kerre6. ver ble i ar un6er-

Beil(r i air 18 lolcalirerer kvor 6er var lremlcommer elelitromagnetiBlie anomalier

ve6ilvmalingene i 19)9. Hn6erB^lceiBene beBw6 i Blingrammalinger, geologiBlc
Icarrlegging og malcro- og milcroblolclclering.

Ir^n6elag. OeologiBli oppl^lging av elelcrlom2gneriBlce anomalier lra kiv

malinger i 1964 ble utlM av geolog lt. Larlcev i ) folBlciellige omrader i
3^l-I'l^n6elag.

'lelemarlc. (teologene 3. 3vinn6al og li. Varlcev ioltBatre 6e geolog^lce un
6ers^lceiBer i 'lelemarlc kor a k^lge opp magneriBlce anomalier Bom var
kremlcommer ve6klvmalinger i 1962.
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Diamantbormger.

I l^lper av årer ble der diamanrborer i air 66?? meter lordelt pa 11 lor
Bl(jelliZe oppdraZ.

Der stzstste borprogram ble oZBa i ar urt^rc i LidjovaZge nvor der ble
borer 2345 merer.

3om ledd i malmunderBsjlcelBer ble der i V.eppalljold borer 2132 merer ecrer
oppdrag ira Klarional Induscri.

lor V.fjroB kobberverk ble der borer 333 meter i 3torwart2omradet.

Ved Skåleseter i Sørli ble det boret 255 meter som en del av fortsatt under
søkelse av et område med geokjemiske og geofysiske anomalier.

I 'l^il ble 6ec ve6lensen borer 2)5 merer Bom bi6raZ ril IcarcleZZinZ av
6e ZeoloZiBlce kornol6 i omraciet.

Oppdrag i lorbin6elBe me6Zrunnnn6erB^elBer ble utlært kor BcarBlcralrver-

Icene ve6Veivarn (1?) meter) oZ tor 3t2r3banel i I.ieraBen (3)0 meter).
I forbindelse med undersøkelse av mineralske råstoffer ble det boret for

Hylla Kalkverk på Inderøy (247 meter) og for Elektrokemisk A/S, Fiska
Verk (320 meter).

OiamanrborinZene ble uri^rr un6er le6eiBe av borlormennene 0. Qau36al
oZ 8. Va3Bborn.

VerlcBte6- oZ laboratoriearbeid.

Verkstedet har som vanlig besørget vedlikehold av instrumenter og utstyr,
herunder 10 biler, 3 Muskeg beltebiler og diamantborutstyr.

I forbindelse med overgang til nytt og større fly ble måleutstyret for elektro
magnetiske flymålinger fornyet og forbedret slik ac en oppnår større følsomhet.

ver er iremBtillet 6 Btlc. måleapparaturer lor BlinZl2mmalinZer, 3 Bt!c. BUBcep
tibiliretBmalere oZ 1 Btlc. lAceBpenninZBporenBiometel. Ln 6el av 6erte er be
reZnec lor BaIZ.

?or BaIZ er visere lremBtilc en Berie pa, 100 Btlc. maZnetometre. 6183e
ble i ale 39 Btlc. BolZc, nerav 33 Btlc. utenlan6B Zjennom 6et BveriBlce kinna
lllaeliu3 i nenkol6 til innZaer avrale.

Ved verkstedet er det også utført en del arbeide for så vel Geologisk som
Kjemisk avdeling.

Kjemisk avdeling.

3pelcrroZraliBlc oZ IcjemiBlc analvtiBlc arbeid.
Ledere: LaboratorieinZeni^r <^. ?ave (3pelctloZraki) oZ

laboratorieinZeni^r V. (Ic)'emiBlc analvBe).
Ved Icvantomerret nar en lortBatr arbeidet med rilpa3BinZ av rminemecoder
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til dette instrument. Hovedbestanddelene i bergarter, unntatt alkalier, kan
således nå bestemmes med forholdsvis stor nøyaktighet. Alkalier lar seg mer
praktisk bestemme flammefotometrisk. En tilleggsanskaffelse til kvantometret,
digitalvoltmeter med en tallskriver, er en betydelig forbedring som har gitt
sikrere og nøyaktigere avlesing. En del analyseoppgaver løses best ved anven
delse av både kvantometer og røntgenfluorescens. Røntgenfluorescens har spe
sielt vært brukt for Cu-Zn-bestemmelse i store serier av opprednings- og bor
kjerneprøver.

Ved de kjemiske analyselaboratoriene har det som tidligere vesentlig vært
utført silikatanalyser og malmanalyser ved siden av utviklingsarbeid. Bl.a. har
en hurtig våtveismetode for bestemmelse av svovel gitt øket analysekapasitet
av betydning for oppdragsvirksomheten.

kordeler seZ slilc me 6antall bestemmelser:

Utført av Utført for

Kjemisk Spektr. Kjemisk Geof. Geol. Bidjovagge- Oppdrags
lab. lab. avd. avd. avd. unders. givere

3 533 6 120 1 724 87 299 310 7 033

Oppdragsgivere er for en vesentlig del bergverksselskaper.

Analysene for kjemisk avdeling har for det meste forbindelse med geo
kjemisk prospektering.

I tilleAZ ril tallene i tabellen kommer ca. ()()() beBtemmelser uck^rc ve6

Zeokjemisk laboratorium i korbin^else mcci Zeok)emisk prospekterinZ.

Laboratorium kor keramiske oZ ildkasre materialer.

Le6er.- I^aboratorieinZeni^r (^renness.

I forbindelse med at Sjøfartsdirektoratet utarbeider nye forskrifter om sik
kerhetsregler for transport av malmkonsentrater o. 1., er laboratoriet blitt enga
sjert i et omfattende undersøkelsesarbeid vedrørende fuktighetsgrenser for
konsentrater som transporteres til sjøs. I forbindelse hermed er det også laget
er apparatur. Bl.a. har Geofysisk avdelings verksted bygget et A.S.T.M. «Flyte
bord» for disse undersøkelsene.

lor^vliZ nar laboratorier som vanliZ utk^rt sikre- oZ slemmeanal^ser, spesi

kikk vekr-bestemmelser, smeltepunkrbescemmelser o. I.
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(^eolcielniBlc prospektering.

Leder: Geokjemiker B. Bølviken; under Bølvikens permisjon
(fra 1/4 1965 til ca. 1/4 1967): Direktør A. Kvalheim.

Geokjemisk prospektering med bekkesedimentmetoden er utført som opp
drag for 3 bergverksselskaper i følgende områder:
1. Et 33) km2 stort område i Finnmark.
2. Et 720 km2 stort område ved Hjerkinn.
3. Et ca. 100 km2 stort område i Meråker. Her har bergverksselskapet selv

gjort feltarbeidet, mens analysering og bearbeidelse, med IcarcrapporteritiZ
er gitt Kjemisk avdeling som oppdrag.

I forbindelse med Bidjovagge-undersøkelsene ble det gjort orienterende geo
kjemiske undersøkelser over en geofysosk anomali syd for Caskias, ved prøve
taking og analysering av jord.

Rundt IcobbelkorelcomBrer ved 3uovralappar i Finnmark ble det gjort syste
matisk prøvetaking av morene som et ledd i studiet av anomalimønstret i
morenejor6 i et område med minerallBerre dloklcvikrer eller blokktog.

I Oppland fylke nar geokjemiker 0. Hvatum fortsatt detaljundersøkelsene
i et tidligere prøvetatt område ved Gjøvik. Arbeidet gjelder jordprøver og går
ut på både a studere informasjonsevnen ved forskjellig prøvetetthet, og a
studere metallinnholdet i jordprofil over eller nær blymineralisering.

ladoraroriuln.

Ledere: Laboratorieingeniørene J. Aarvik og R. Nilsen.
Ingeniør J. Aarvik har bearbeidet videre en del kisforedlingssaker, bla

reduksjonen av svoveldioksyd med olje og raffinering av kisavbrann.
Ingeniør R. Nilsen har arbeidet videre med oppgaver i forbindelse med

reduksjonssmeltet olivin.

Gjestende medarbeidere.
Stud. real. Nils N. Kjøsnes fra Norges Lærerhøgskole har fullført labora

toriearbeidet for sin hovedfagsoppgave i Br)elctloZraki.
Amerikansk student Martha Redden og jugoslavisk student Alija Sirbegovic

har arbeidet i sommermånedene ved henholdsvis spektrografi sk og kjemisk
laboratorium som et ledd i praktikantutvekslingen av studenter.



LO
C

ATIO
N

O
F

TH
E

N
N

W

Figi.



L
E

G
E

N
D

M
IC

*

TH
E

y
>

A
A

A
-—

«
"
A

U
4

4
4

4
-

•"«
4

1
4

4
4

1
4

4
4

4
4

1
4

A
\

4
A

A
\

4
U

A
/A

A
A

A
A

4
*

4
A

4
4

\
A

A
A

\
4
>

^
v

A
A

A
i

A
A

\A
V

a

«5
60

55
50

«5
«0

35

lE
D

S
E

C
TIO

N
A

LO
N

G
TH

E
E

X
P

L
O

S
IO

N
-B

R
E

C
C

IA
IN

H
JØ

LM
O

O
A

LE
N

,
H

A
R

D
A

N
G

ER
VID

I

l

—
^

»
A

A
A

AN
A

A
A

\
A

\
L

r
A

A
A

A
A

A
\A

V
A

i
IT

T
/
F

A
A

A
A

\
A

A
\
i
/
A

\
A

(
A

A
A

A
A

\
A

\A

A
\A

/A
y
r

k
^

^
l

A
A

>
A

A
\
A

J
A

i
i
A

A
I
A

>
i
V

\
•



«v
SCREE

:iss

.-
G

N
E

IS
S

DARY
B

E
T

W
E

E
N

B
R

E
C

C
IA

A
N

D
G

R
A

N
ITIC

G
N

E
IS

S
S

H
A

R
P

A
N

D
C

IE
A

R
LY

V
IS

IB
L

E
)

R
O

C
K

B
O

U
N

O
A

R
Y.

B
U

T
V

E
R

Y
U

N
S

H
A

R
P

D
U

E
TO

M
A

N
Y

S
M

A
LL

F
IS

S
U

R
E

S
A

N
D

C
R

A
C

K
S

)

(N
O

R
W

A
Y

)



Fig.
1.

M
ap

o
f

axi



I

G
E

O
LO

G
IC

A
L

s
l«

^
c
i!^

N
^
s

IN
T

H
E

S
N

A
S

A
-L

U
R

U
D

A
L

A
R

E
A

/U
/a/

p/ane
fra

ce
,S

nåsa
syn

clin
e

/gx/Z/
p
la

n
e

fra
ce,(K

o
lå

sfje
ll)

a
n
tic

lin
e

A
xia

l
p
la

n
e

tra
ce

,(F
lå

tje
m

)
syn

clin
e

L
in

e
a
r

s
tru

c
tu

re
s

-
firs

t
p

h
a

se

L
in

e
a
r

s
tru

c
tu

re
s

-
se

co
n

d
phase

L
in

e
a

r
s
tru

c
tu

re
s

-
th

ird
p
h
a
se

S
trike

a
n

d
d

ip

-~
\^-

L
ith

o
lo

g
ica

l
b

o
u

n
d

a
ry

Fa
u
lt

—
*

1
*

j
B

a
se

m
e

n
t

g
ra

n
ite

-
g

n
e

iss
w

*

plane
trends

and
representative

linear
elem

ents
in

the
Snåsa

-Lurudal
area.



m
tttr

1500

U
P

P
E

R
/

S
E

Q
U

E
N

C
E

.\
'T

jjj.-I
B

IO
T

IT
E

R
IC

H
G

A
R

N
E

T
M

IC
A

S
C

H
IS

T
S

,
IN

T
H

E
\

N
\

~
-*'

U
P

P
E

R
PA

R
T

W
IT

H
B

A
N

D
S

O
F

C
A

L
C

S
IL

IC
A

T
E

R
O

C
K

S
.^

x
"
^

C
^

«
«

s
é

l
R

E
D

-B
R

O
W

N
W

E
A

T
H

E
R

IN
G

M
A

R
B

L
E

S
.

\
\

V
i
l

N
1

N
rs

^
>

-\
L

IG
H

T-G
R

A
Y

W
E

A
T

H
E

R
IN

G
M

A
R

B
L

E
S

.
\k

!N
N

^
V

N
NNNN

G
A

R
N

E
T-B

IO
T

IT
E

M
IC

A
S

C
H

IS
T

S
.

x
V

x
V

Q
U

A
R

T
Z

IT
E

S
.

\
T

\

M
l

D
O

LE

S
E

Q
U

E
N

C
E

|C
~

I
M

IC
A

S
C

H
IS

T
S

W
IT

H
A

M
P

H
IB

O
L

IT
E

-B
A

N
D

S
.^

_
u

u
._

._
IC

.
._

_
I

1
I

O
N

H
A

B
Ar-J

b
L

L
c

i

X
?

2
&

\
«
E

D
W

E
A

T
H

E
R

IN
G

M
A

R
B

L
E

S
.

J
A

N
D

B
R

ATTLIF
JE

L
L

E
T.

I
C

A
LC

A
R

E
O

U
S

(G
A

R
N

E
T

)
M

IC
A

S
C

H
IS

T
S

.

Ig
p

—
I

M
IX

E
D

F
O

R
M

A
T

IO
N

O
F

G
R

A
Y

IS
H

M
A

R
B

L
E

S
,

Q
U

A
R

T
Z

IT
E

S
,M

IC
A

S
C

H
IS

T
S

]
I
~

J
3

.J
A

N
D

G
A

R
N

E
T-B

IO
T

IT
E

M
IC

A
S

C
H

IS
T

S
.

|°°°v
C

[
«X

!l<
l.v

4U
skd

<
5

c
«

1
5

7
5

A
N

D
A

U
G

E
N

L
^

e
i3

3
^

3
.

y
L

O
W

-
G

R
Å

D
E

S
C

H
IS

T
S

(M
A

IN
LY

M
Y

L
O

N
IT

E
S

A
N

D
P

H
Y

L
L

O
N

IT
E

S
)

.

LO
W

E
R

S
E

Q
U

E
N

C
E

H
Y

O
L

IT
H

U
S

Z
O

N
E

S
E

D
IM

E
N

T
S

.

W
M

A
IN

LY
H

O
M

O
G

E
N

E
O

U
S

G
R

A
N

O
D

IO
R

IT
E

S
.

x
M

A
IN

T
H

R
U

S
T

S
.

/



#

Fig.
3.

P
rofiles

through
the

northern
part

of
the

area.

S
V

O
R

T
B

E
R

O
E

T

H
A

B
A

F
JE

LLE
T

B
~

-
-
-
^

-
_
_
IL

^
-

D

S
|S

|7
\%

[a
|

MO
km

1
\

m
«ttr

LA
N

G
FJE

LLTIN
D

>1
2

3
;

5
6

7
km



N
P

late
I.

G
eological

m
ap



G
EO

LO
G

IC
A

L
M

A
P

O
F

TH
E

S
N

Å
S

A
-

LU
R

U
D

A
L

A
R

E
A

A
V

S
N

Å
S

A
-

L
U

R
U

D
A

L
O

M
R

&
D

E
T

V
y

v
i

M
E

TA
-

G
A

B
B

R
O

,
A

M
P

H
IB

O
L

IT
E

i.
I

M
e

ta
-

g
a

b
b

ro
,

a
m

fib
o

litt

H
O

R
N

B
L

E
N

O
E

G
A

R
B

E
N

-
S

C
H

IS
T

H
o

rn
b

le
n

d
e

g
a

rb
e

n
-

s
k

ife
r

T
U

F
F,

O
U

A
R

T
Z

-K
E

R
A

T
O

P
H

Y
R

E
A

G
G

L
O

M
E

R
A

T
E

Tu
ff,

k
v
a
rts

-
k
e
ra

to
fyr

a
g

g
lo

m
e
ra

t

G
R

E
E

N
S

C
H

IS
T,

H
O

R
N

B
LE

N
O

E
tein,

gronnskifer,
hornbl

skifer

PH
YLLITE,

PA
RTLY

m
i«

C
O

N
G

LO
M

ER
ATE

Fyllitt,
d

elvis
m

ed
konglom

erat

M
IC

A
S

C
H

IS
T,

O
FTEN

W
ITH

G
A

R
N

E
T

G
lim

m
erskifer,

ofte
m

ed
g

ran
at

LEPTITE
,

PA
R

TLY
M

IC
A

C
E

O
U

S
Leptitt

d
elvis

g
lim

m
erskiferaktig

G
R

A
N

ITE
G

N
E

IS
S

G
ra

n
itt-

g
n

eis

t
i
i
J

G
R

A
PH

ITIC
M

IC
A

SC
H

IST
L—_lL—

_
1

G
rafitisk

glim
m

erskifer

the
Snåsa

-Lurudal
area.





LO
CD
C7>

<

I
x:

in

>¦
a.
<

Z
<—i

en
o

3o1o

CT

LO"«
i•

iII a,oIIm c
LU

Hi<

<2

QLLJ

33



/

/ N

>

o
>

>

o
o
I?
O

'I=1

<»
D

5"
s.

il

Uloo
3

>
CD

„ DD
5 >

& m

i

•" V»

• • • X^.
'^vo&k

S-- «' v
>_, 9 1,

r./N. Jo t^
Le/w>rv C 5"St^f^X^ 3

Nl^A " >L_

\0

v Ca

Cn 7

3
2

<»

<b

Vi

o yc

) O C

x° c

\

-V

0 te

o d

V

> o

) o

r o

p

k

¦v. — . .

J

v?, , /

i

A/

• . o°o . ¦ . • .

f) 1) J

ili
—r- —l_

¦ . •y. .• .

.^x c) \\ OOP
. -V\ \\ >

. S \ °X9 ° \

. ' i/å\o d\ o o \
• •*i &. \ Oq o O O\*O

\ 3
. \ o"2- o o o^

' • ' • -\b

3^
.\ °o o
.\ol-o\ *

) 6\ c\
' o e
* c

v o a

o o
ovo

2 H.

>3

o

o

0

I "^

C- O

o T

C

o

W¦i
M>vv\

i<7

l
(/>
m
o
-j
o
z

>
-n

1

B
><bZ

m
O
-j
O
z

—l
x

O
c
Q
X

—1

I
«i
vi
I
l r- -

¦—*¦

>

2T

...
31. .'.'.'

Po\ .; . . .

r /°o\'.-.-.

(o o o \ .
/o o o o o o

/ o o o o o o
/ o o o o o o

1000 o o o
fQ o o o o o o

J^- o o o o o o
-^ ••
qj O O O O O O

O o O O O O

Sfl*
i»/
81
) °
rc

r °

.'.'.'.'.'.' -^ • ' • ' -^' ->^

o o o'o o oA. o

°> > : y ° v '. ° ¦
o o o Q o o^' I >^ \ **y^ v\ '

ooooo^--0i *>>J
o o o i -f^

o o ¦ o^o o o , \ -~g
o' o o o o eT -O 7W^

• •>>•• -/-^— "jESO O O O O r li JTJTJ

-^ \J . l *^»<v«-<5r .\.V^-\^

il
il

»cv

=- _\ -

H

' J

i

3
c

ID
5

aM

o O <v

5

X,

>

m
o
r~
m
o

>

(7)
m
o
i—
O
Q

en Jip ° o o

o o Or

(7>

—«

o
lo

"5Z
i "¦ /c

o o

o o

>

—«

I -° /' c-> o —«
>> 3

H^ \ i&
fi

MM

-nil it v iTT»

¦• • \

W.—^l^, co
m
o
nT • y x •¦// ¦ i ;f



<

LJL
O

co
CL2
<_
2g

UJ
2:
_j

°TII£

LU
2e

oI
r dnoaoooovadnoaovas81^l3tiV63

zzi^z
gzzoo.G* zo25w2.w2.

in2

2co
UJ
a.u.

o

<---»

\y

z
Ul

ZO.

tvo*
£*u.

w;
Q-a:

ai<

J3Z
3»-
<<O
u.zm

/i

•!2^"r~~
W«cl<

Mf!I:i

X^rVffivffl""""""Jr
vJ^23Lfe&N<ffl2«m°>

z
z2

<£*

COa:U.

COO-1
COh-ow

OSS>£ OUJJcmr
CDOC£>
2<SjS
>-OQ°o—'

2--
LUo
Ofl
z<

<fe
•^UJ

LU
X
l—

3OQ «/>A
iIfaso
s||i
gf\\\< O\\\

i/\i
°ji/,«





x*_
-Q

cmy/

::;!;:i-:;;:-i^iiiiH"¦liifsi

jU
/[«
te



eg 50 5"
§ g
3 i—i
85 a"
o

o*n i— •

1-1 5"P ru

2

r»
h—(

-£-

o
3
3
O
CL
5'•i

n

¦g f
" B

sE
p ro
B CN
P |sj

Sa

ii I

' I

I

ST
era

3.

?^>^l M^^W^M

2
3' ,_ft •»>, >>g B
l f
il
hvi 3
2.S
p" "£-
|~Q- np 'n tj
j. I"
f Il-t "IF f?'

i f
3. Ai?i? 3O srO
11 i-

I!3p 2

<^>«> ffy?M^«



T
R

O
M

S
Ø

I

*
G

eologis

M
Å

L
S

Trom
sø

M
Å

L
S

E
LV

G
radleigO

7

s
^

?
"«c^—OP

3
3

t
f
a

I
IA2.—.
*
¦

W
5¦_

m



kart
C

E
LV

959

Topografisk
ka

rt
over

N
or^e

t

K
vartæ

re
løsavleiringer

16
17

18
«

ly
10'

21
22

23
2
4

20'
2
6

27
26

29
B°3<r

M
A

LA
N

G
E

N
H

E
R

A
D

oco
O

09°
201

o
o3

N
ordbyursetiK

ll
;

*''
AD

-
_

OL6\--

-
9

1
\51

¦

"

M
e
s
lé

rv
ik

...
"S^_

jr.

-^f
M

rstrrih
IA'//'

i
—

€

,/>
/,'¦in

itc
s

S
lo

ra
c**

Q
uaternary

deposits
¦

::-;.-.¦¦-¦
;;.'¦';¦.'-¦.'¦."¦\j

M
a
rin

e
a
vse

tn
in

g
e

r

p
r

!'•¦'•'¦
r'-

'J
M

a
rin

e
deposits

.
^
b
.

./
j
f

1Y
P

r
3
3
0

B
regrus

Db
1

M
orainic

d
rift

!%
r!d

™
kb

o
tn

S
to

rb
u

k
t^

.¦
¦

¦
*^

j+
*+

m

¦

i
'

/«
»^

_
w

¦
¦

-
',.I^'

I
4

».>.
•

'
'

...
D

b
IV

V
i -»
»

..
.

h

h

—
¦/S
ti

'
¦

¦

i
¦

-

.\#
7
>

¦
¦

¦
-

,
-

,
*

¦JD
rd

va
ssa

a
se

n
•¦i

.1s/a
n

rs
x

r^
.

I

,
>

>
>

.^ ¥p
' r.

I*
»

'

-
I ,.,

...
.

13

F
jellkjedens

bergarter
R

ocks
ofthe

C
aledonian

range
\'n

'
¦

'
¦

<
-

.
'

t>

',
'.
''-

>

»
w

,

,
»

•
*

¦
¦

*
*
-

C
C

I
3
3
0

77
B

iotittskifer
i

Ø
vre

avdeling
Sh

I
I

Biotite-schist
in

the
U

pper
division

¦

i
rf"

I
—

^

P

B
io

tittskife
r,

nivå
ikke

a
n

g
itt

5
1

I
B

iolite-schist,
levelnot

stated

B
io

tittskife
r

i
U

n
d
re

avd
e

lin
g

'
5b

I
1

B
iotite-schist

in
the

Low
er

division

B
io

tittskife
r,

kalk-
og

hornblendeholdig
SbfI*-

r
-I

B
iotite-schist,

calcite-
and

hornblende-bearing

jltft
¦

'
.
^

n

%
:.

¦

1
¦

,
»

»
->

I

,1
I
.
-

r
i

°
V

K
stfrb

o
tn

3
Q

3isos3i5os
t

i

»
^
-^

fJ
h

16
O

"l

P
^

>
!

—
o
-

35
*

iß
^

r
^

r
ird *7

—
~

-"~
'

f
n
y
s
in

a
lo

ijfi
J
*

f-"
¦

d
fjo

r •d- J

rV
^

ffW
H

tim
aren

•}'

¦

r
i

'

v

5c

.
u
.

j
«

.
.

*
¦

>
_

-^?\\
oi

IO
Å

>»^^^
U

tile
r

i
K

lo
rittskife

ravd
e

lin
g

e
n

<.^
I

C
hlorite-schist

in
the

C
hlorite-schist

division

i
«ffa

y
1

StoH
ii/n

tW
u

\vvvvsv>u

Fiatoya
W

>
J

z*
55

i
'

/5
;/

ftitu
vrU

\
bD

JrS

;:.
M

u
skovitt-gra

n
a

t-
(b

io
titt-)

skifer
i

K
lo

rittskife
ravd

e
lin

g
e

n
sm

t''::':'-'-'-'''-'-'-'-'i
M

itscovite-
garnet-

(b/o/i/e-)
sc///H/

in
the

C
hlorite-schist

division

ic
'
.
.
-

¦
.

.

B
I

¦
*

—
1

J
_
É

-
—

\
i:
.

H
,

?V
^V

<
'V

n^su"

v^9
\

Sm

V

S
u
l

tø
Balsfjord

/
/

/
/

P
lagioklasrik

skifer
og

glim
m

erskifergneis,
n
ivå

ikke
a
n
g
itt

Sg
I
*
^
l

Plagioclase-schist
and

m
ica-sehist-gneiss,

levelnot
stated

f
I

I
•"N

I—'1—
'\

(4
K

r-
i^e

o
o

a
se

X.6Q
¦

S
g

¦

:i
-

—
-^

P

i
!

s?^,

M
/

/
P

lagioklasrik
skifer

og
F

lim
m

e
^kile

^n
e

iZ
,

Ø
vre

FneiB3ono
S9h

I
'1

Plagioclase-schist
and

m
ica-schisl-gneiss,

U
pper

gneiss
zone

I
/

/
/.

U
ll

r

j

/
!

<
I

P
lagioklasrik

skifer
og

Flim
m

ei-skikcrFnei3,
U

n
d

re
FneiB3one

Sai1
I

f
M

Plagioclase-schist
and

m
ica-schist-gneiss,

Low
er

gneiss
zone

I
I

L
I

!
>

'
'>."

I.

13
S

gi
»
^

»
»
M

>

-
-

A

I 
'

'W¦.
I

-
l
i
»

F1F1
¦
¦

¦
"
"
¦

S
c

*»
j
y
n

1
1

¦
*

1

"
v

1
i w
^

n
i.

I
(

K
alkstein

(m
arm

or),
Ø

vre
kalksone

Ui.I
ILim

estone
(m

arble),
U

pper
lim

estone
zone

'/J^S
kjcr.tta

d
]

¦Æ
S

olberg
W

Æ
o
ln

ic
b
u
k
t

W

u\

12

lllrtib
u

lih

?,
.

°'s
v.?

f

9
0

K
a

lkste
in

(m
arm

or),
U

n
d

re
kalksone

l/L
J

Lim
estone

(viarble),
Low

er
lim

estone
zone

K
a
lkste

in
(m

arm
or),

n
ivå

ikke
a

n
g

itt
L

[_
Lim

estone
(m

arble),
/eve/

not
stated

n
\

r"
Storbukt

/C
\K

U
tb

b
e-

L f
i

2
i

11
>

*
l"

**.
)

y
V

r«',
*•

j
i
*

»

H
o

rn
b
lcn

d
e

skife
r



/
'.

,
'

'.
U

n
d

re
gneissone

_
Sgi

/
/

/
/

/
Low

er
sneiss

zone

Ic
l

H
^
^
^
^
^
^
^
^
^
H

Tndre
kva

rtsitte
r

(m
ikro

klin
kva

rtsitt)
&

°
L

-^
^
^
^
^
^
^
^
^
l

Low
er

quartzites
(m

icrocline-quartzite)

Si
a

X
U

n
d

re
b

io
tittskife

r,
sronnskifer

3
[£^

/
Ag

I
-^-o^er

biotiteschist,
green-schist

B
M

ylo
n

itte
r

I^
^
^
^
^
U

J
H

M
ylonites

G
ra

n
o
d
io

r.3
am

fib.
i

A
ndsfjell

og
M

auken
I'3

Am
G

ranodior.,
am

phib.
in

A
ndsfjell

and
M

auken

u^-^
i

,

I

hk*U

¦*ittu
\u

\\f\W
v

.»»
7

-
-

ti'Æ
w

JrfW
rl

>
<

ril

K
r

v/
'
'

tS
u

O
s
W

.a
k
T

v
h

{¦:¦.¦;
.

'

V
-

.V
''¦*

.•
*
-
.

1.
-n»

¦.¦
¦

.
¦.v

•
\

r•
•-

-
t

iIJ
-

->
:

.
¦

¦:,
•'

r
-v
.v

-
:.-

v
y
:.:-

/n
c?

X
v

+
X

\
.•.

•
••

¦
\É

I
I

*
'

¦3
'^,

/
-
v
i
v
—

--"¦
/

¦
¦
-
M

r
¦

-
*

f
l
i
n

h
i/

r
.
(
i*

L
-W

.
tr

¦
*

¦
'

¦.¦.¦.¦^
¦.¦¦W

-
v
-

v
"
»
.¦¦¦¦'¦'¦

M
M

>
¦

'
,

.
—

-.

D
b

1

#./
*

A
?

,>
«

330
.

¦

"
>

»

¦
¦
¦
'
¦
¦

-
¦
,

V
/

t

i

.
-

ill1
.
-
I

—
i

¦
,

-
¦»

-
4

¦

—

rakel1

150
I'

riP
"

I
h

ril

«^^^>

/¦

/
r,..../
S..PrV

/
i--7

A
r,

/
.-D

r
.
-.

.
JA

.
--

¦
_
\

1
V

A
n

r
V

L
n

^

 
:l|-

J

-^90
S

trø
k

og
fa

ll
1^

A?-i'se
and

i/i/,

Ifra

\rO
visrLes

1.yIV'*

I

v

ja

I
P

rofil-linje
'

j
Section

line
ia

r

\tH

-
.

ri

1L
I'.'

(1

"
I

¦-
.

h
1¦I

*
F

R
'
'

:in
>

\

J
-

'
•

"
\\^

r
il

m
a

u
k
tri

'll<

>
.

6
0

r^^>> «
S

V
I

¦
^

¦

f,,

J
}\

f
f

fl
i-&

'

—
<

;
i

1

>

h
,

,—,,—
,

>

fcrf
*
¦
*
_

-
^

2.11

m
j

vih
d

¦

I'

M
alm

forekom
ster

f
k

t

•rf

m
/v

-.W
"B

id
id

O
re

deposits
\

I

b
H

l'°>
<

>

\
Y

m
/A >

*
-¦

—
_

.
o»

-

"""
_

<
^

V
«1

'^

-
\

-

_
¦

S
vovelkis

N
¦
"
'

IK
H

TT^

?
Pynte

¦

\
tirim

P
^
^
S

S
^
^
,

H
k
,

R
T

i

>

y /

iføk

¦
r

Jern
0

/^o«
 

v
'

'
'

'
/

¦7
-tt/M

U
*

1
^

F
*

i

}
It!

T
ita

n
-je

m
•

T
ita

n
ifiro

n
.

'

W
;

-
'¦a

v
s
y
t/,

""^
:::¦¦-¦.¦.

,
.v

i

¦¦¦-
.¦

in
¦

;
•:¦¦¦,

j\
>

iyI*&
K

-
>
A

v
,

¦¦
•
å

r
*

5?

-il: >
x

I1I1

1

EL
I

i

S
ink

og
b
ly

v
a^t//.eat/

>

¦*¦
—

270
L
/i->

,
W

—
—

i

X
2>

ri-

»
-

1
'/

_
'

¦
»

_
1

1
/

'

V
.'/

v
rå

G
ra

fitt
<'^

55

'1
x

'

*
G

raphite

d
iri

_
hus

H

ss*
r

'

'
I

1-11-
.

\

X
^
/

(v*
!,

'.

.
K

a
lk

¦—
!^

fl
r,

-»
*•

¦>

¦

7
Lim

estone
>,-1

'

J^
W

lI
r

v
,

¦
—

¦3v

.v.
s"

.^
r,

I
f.-;

iV.*>
-røy;

•¦'¦
X4

>>
iD

b
\

X

311
V-1

i
'V'

 ,,

¦
*

<
^
<

L

'

i:

,
;

630
i

'.-°'
¦

*

¦
¦

[fr-

>
,

¦

''TA

A

¦

¦

<i9°
¦

¦
i

l7>
ca;

Q

5

3
O•s.
«^

3
B

A
R

D
U

H
E

R
A

D
10

Z
V

I/.^l.Z
^

1^
l

W
i:

sC
7°3oaustO

slo(0slo
m

eridian
er10V

5"5u2tG
reenwich)

w
5U

'
11

12
13

14

U
tarbeidetpå

grunnlag
ay

gradteigkart
M

ålselv.
Litografert

og
trykt

hos
A

.s
John

G
riegs

B
oktrykkeri,

Bergen
1959.

M
ålestokk

I
c
m

p
å

ll«
s>

e
t

c>
>

2
3

IO
C

O
m

l/4
V

7*
dis



l^v^
*J«

^

c
;!v'.

K
va

rtsitt,
Ø

vre
kvartsittsone

\lft
£10

-r
_

—

f^V
>

/
1

Oh
L

1
Q

uartzite,
U

pper
quartzite

zone

i
O

'

-
¦
*

1

¦
'>

x'
X

S
erisittkvartsitt

O/s
B

^
l^

H
S

ericiie-quartzitc

K
va

rtsitt
m

ed
sm

å
m

engder
m

ikro
klin

Q
iW

^
^
D

^
l

A
/a?^l'ie,

coniaini«L
sm

allam
ott?li^

o
fm

icrocline

L
M

ik
ro

lin
k
v
a

r
ts

itt,
kvartsittgneis

I^.rlco3e,
dels

også
Z

A
M

icroline-quartzite,
quartzite-gneiss

kataklastisk
gra-

1
,
,

,
.

.
n
o
d
io

ritt
Ia

.
?

«
M

ylo
m

ttg
n

e
is

J
M

ylonite-gneiss
Arkose;in

partalso
 

,
.

cataclastic
M

ylo
n

itt
 

.
,

,,
,

 
sranodionie

la
M

m
I

•
IM

y
lom

te
>å

'

sn
s oIS

a
t

'

i

vI

t
o

*==

g
i

p
^

3

v-^—

v
fe«

,
J

*
^

/
>

c-
\
-

£
I

<

.
'

s
«I

w
2<m

<
¦

!

»
^

tss>
s-^

-
*

y
_

'

'<

r
630

\
»

•itaul-M
™

TnkoassbukÅA

0
-

D
i

-
-
-
—

¦

IS
,'„!

<«'

il
v».

v
,

¦-
r

-
^
/
"
-
"

•stra
n

t
¦tti

_.r.r
f*

*
T

f>
T

^
^
*

V
y
lc

u
id

!
r

J
\*—-

«
*#

•
•

•
•

•'/'.v
!v.'

K
a
lk-ko

n
g
lo

m
e
ra

t
9
•
#

•
•
•
•

»
«
»

»
»

A

»
«
»
»

»
U

»

,
v

u

i o
vi

É

i

<'
/

1
D

r
«

»
»

»
"»'»'

c't-'*"»*'*'''
*i

Lim
estone

conglom
erate

c/
¦

5
3I

i
c

v
/X

v
l'

K
va

rtsitt-ko
n

g
lo

m
e

ra
t

q
I«V

«'.'*'«*«|
Q

iiartzite
conglom

erate

«
,»

»
»
«

»
«««»»»

««»»«»«

_
^
^

_
x
-

*-^-'
210

r*
til
O

verbym
C

q
o»

4

-e
fie

ll
I

-¦^»
<

0
*"

¦
A

m
fib

o
litt

A
m

phibolite
l

re
f

isrn
o.'

]
V

A
m

fib
o

litt
i

M
a

u
ke

n
og

A
ndsfjell

I
IA

m
phibolite

in
M

auken
and

A
ndsfjell

N
i

A
m

b-4
¦

!
S

k
ifrig

sa
u

ssu
rittg

a
b
b

ro
As

S
chistose

saussurite
gabbro

»»
¦

M
H

^
V

1
8
8

A
s

!
¦

G
rønnskifer

¦A
//

iv—
¦

>
,

i¦

--
—*

i
330

p<cd

I

t??-6en-^c/u.5i
M

T

X
!

!
i

j
M

ft
*

S
erpentin

I
I

Serpentine

S
agvanditt

Pq
I

J
Sagvandite

,
,

!
r,S

H
.

16
»¦

\

3
>

!
'^

j^
r
r
v
ji

S
_

r
x

>

-•

il:*
:

•
.—.—

i
.**¦

4
'

«
*
>

"
'

,

.
.
.

.7
^
itv

"h
ia*
W

¦
/
i

7
i

w
-
i
f

*

,>•

*
^
i«

V
^

«
w

i

:

»^'»

—
^^^^

¦..

\
.

¦
^
H—

^
^
/

—
^
a

i.
.

.^^

i
W

?
/

i
'"tt

i

-
-
^
^
i

>

(• >
?

-^
:

630
.

I

Tro
n
d
h
je

m
itt,

pegm
atittisk

eller
grovkornet

Trondhjem
ite,pegm

atitic
or

coarse-grained

(
^

.
i

r
,

*
¦

*
¦—

*
.

i
v

f
cr?^>

-^L
,

y
r--

J
5-'.

1
7

,
_
*
¦

L
—

,

¦
.<

.'/

¦
r
-
^

'e
¦

»
»

/
,7^

>>!
fø

•¦te'
/

"TV

¦

G
ra

n
o

d
io

rittisk
gneis,

vesentlig
fin

ko
rn

e
t

"I
I

G
ranodioritic

gneiss,
m

ainly
fine-grained

&
]

»/,
?

^
",

i
a

--v

i"
*

V
i

M
K

/f

¦¦W
*-'

V
><

L<
<

 
»

-
_v

¦
ri

1
r

?4,
-'A

'20

•A
V

.'*¦
ltd

TR
O

M
S

F
Y

LK
E

377 —
»VxLi ¦

iO

"V
—

^
5
^

t*
*

Oru

6<f
«1

G
ranodioritt

iA
ndsfjellog

M
auken

/ol_
I

G
ranodiorite

in
Andsfjelland

M
auken.

/c,

'H
E

R
A

D
35

i
i

i
^
^

=
1

^
i^

m.
t
=

16
17

18
19

w
'

21
2
2

23
24

2
(V

26
27

2Y
B°3<r

l
:

100000
G

eologisk
kartlagt

1948—
54

av
K

åre
Landm

ark,
m

ed
støtte

fra
N

orges
G

eologiske
U

ndersøkelse.
Trykt

m
ed

bidrag
fra

N
orges

alm
envitenskapelige

forskningsråd.
1

l
km

!
lendet

5
6

7
8

9
10

km

3
/4

I
g

e
o

gra
fisk

m
il


