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Generally, the rock has a weathering crust, oxydation crust, up

to 1/2 cm thickness. Even more, the rodc is covered by lichens,

whose thickness varies from some tens of mm. to some cm.

But anyway, these two facts are enough to mask completely the

petrography, the limits between rock-types.

The rock is often broken, with lots of joints whose surfaces are

weathered, rusted, or with a chloritic coating. li might be difficult

to get a good hand-specimen with a fresh cut.

From go )d, the outcrop conditions are getting very bad when

onsiclering detail structures such as in a fine-grained


greenstone, or as gradded beddings, cross beddings, in banden rocks.

Glacial streaks might also mask primary features of the roc,):.

1.1.4. CLIMATE

Generally the snow disappears at the beginning of June in low areas;

some zones, covering important surfaces, might be snow-covered

during all summer.

The melting of snow causes strong flood of the rivers, so that there

are man; river-crossing problems for the geologist.

Snowfall might occur at any moment in summer time. Temperatures

range from 5°C (or less) up to 30°C within a few hours.

The wind may be very strong. It happens that it is very strong in

altitude and inexistant in the valley, causing an irregular gradient

of pressure that should be takei into consideration when using an

altimeter.

According to floatplane piots, wind up to 50-60 kt/h are not

uncommon. When the observatorium of Sukkertoppen was still

operating at the beginning of the century, winds up to 60 m/s have

been measured.
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The summer 1974 was rather favourable concer1, ng the snow-

conditions;the consequence of a winter with little snow and a warm

wave at mid-June was that the area was free of snow. Our field

experience from previous years indicates that such case is seldom.

In 1975 the situation was very unusual, much more unpleasant in

terms of working conditions: at mid-June the whole field above 400 rn

was still snow-covered and the lakes were frozen, excepted in a zone

of 2-3 km from the shore of the fjord. Mid-July the lakes were still

frozen above 400 m and crossable some tens of meters higher.

End-July even big lakes such as Storelvan ( 634 m) were still frozen.

Baddervan ( 575 m) was free of ice, with important floating ice.

Nikkeluob'baljav're (675 m) was frozen, except a small zone of some

tens of meters on one side, and a very strong ice on the other side.

The ice broke after a heavy storm and rain on August 6th. The lakes

we found above 800 m kept frozen all the summer.

The snow cover was important too. End June / beginning July it was

very strong on slopes to the E (50 - 80%) and 20-50% on slopes to the

W (above 400 m). Later, the snow melted, but important zones still

remained covered, at the foot of cliffs or on the bottom of the valley.

Big tunnels up to some meters high were taking shape above the

streams and rivers flowing under the snow, forming dangerous

snow-bridges, invisible until they were broken. This fact represented

an additional danger for the work.

Epzt of August some snowfalls happened above 700 m. At the be-

ginning of September there was a period of 4 days of windstorm and

snowfalls above 570 m.
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1.2. GEOLOGY

1 2.1. General eolo of the W art of the Alta-Kvaenan en window.

The fig.p r F• modified and enlarged twice from the geological

map of Norway ( 1/1.000.000) shows the general geological outlines.

The nurnerous Caledonian "nappes" (allochthonous gneisses) have

been grouped together.

There are 3 main tectonic units, from th_e bottorn to the top:

1) the basement, 2) the autochthonous, and 3)the allochthonous.

The Precambrian basement, called Raipas group, is divided

into 2 sub-groups:

the Lower Ralpas subgroup, consisting mainly of a

folded sequence of volcanic and volcano-sedirnentary

rocks: metadiabases as sills, lava streams, often with

pillow-lava structure, exceptionally with columnar

jointing, with basaltic composition, sometimes with a

spilitic tendency, associated with tuffs, tuffites and

tuffogenic sediments, and also some pelitic or carbonate

layers. There is in one place an ultrabasic outcrop

(se ,ifitinised lherzolite).

the Upper Raipas subgroup, consisting mainly of a thick

sequence of sandstone - quartzitic and a formation of

interbedded dolomite and greywacke and shales.

The autochthonous (sensu stricto) consists mainly of white,

bluish etc. quartzites, with sorne shales, tillite layers, etc.

Around Alta, where it has been studied in detail, it is divided

into 2 distinct groups:
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I. J

-the Boseekop group ( late Precambrian), mainly white

quartzite, laying with an angular unconformity on the base-

ment;

- the Borras group ( eo-cambrian), characterised by a

tillite and different shales and quartzite, slightly unconformable

on the Bossekop group.

li is not possible to correlate the typical stratigraphy in


Alta with the autochthonous rocks all around the window.

3. The allochthonous. The latter is made of all the Caledonian

nappes.

1. 2. 2. Previous work.

During the last century the area has been studied. (Russeger, 1849,

(Pettersen, 1874), (Reusch, 1890).

In 1915 a first stratigraphy has been established for the precambrian

formations of Alta, called Raipas group (Holtedahl 1915, 1913).

At the same time, a geological map and a report were written about

the mining district of Alta & Kafjord and Kvaenangen (Zenzen 1915),

to the scale 1/100.000 and 1/50.000, and this already for Sulitjelma

Gruber! In tLis report there is reported the presence of numerous

lavas with pillow structures, but without tectonic interpretation.

More recently, a rough surveying was done in the Talvik-laijord

area (Geukens & Moreau 195d). This publication is useless. Another

survey was undertaken at Riiddevarne and Klubben close to Bur-

fjord. (Milnes and Ritchie, 1962). This publication is useless too,

at hast in the Precambrian.

A detailed mapping around Alta has been done, in correlation with

the tillites met in other localities in Finnmark (Fbyn, 1963).

A general surveying of the window has been done to the scale 1/50.01

in 1965. This work is mainly a photo interpretation and should be

considered as such, with too muci extrapolation and geological

borders following a "reingjerde'' 	



On the other hand, apart from published papers, several in-

vestigations, more specific and located on small surfaces, and

some drillings, have been done at different periods on and around

the old mines of Kvaenangen.

The paragenesis of the old mines of Raipas, on the Alta aide, have

been studied in detail ( Vokes, 1956).

The area of the old copper mines of ddjord was a diplom subject

for two students (Mfrk, 1969; Stacke 1970).

l'he area of Bergmark anticline (Badderen) has been studied in 1970 for

Bleikvassli Gruber (we have not seen the report).

We have personnally done the geological mapping to the scale

1/50.000 ofthe E and NE part of the Alta-Kvaenangen window

(Alta side), this for Elkern Spigerverket (geological map Alta 1334 I,

NGU 1973 Zwaan & Gautier).

In 1972, part of the window was mapped in Kvaenangen for Sulitjelma

Gruber (S.Laux). Unfortunately the interpretation and the tectonic

conclusion did reveal wrong.

The allochthonous units (Caledonian nappes) have been mapped

between Alta and Kvaenangen in 1971, 1972, 1973 by NGU (K. B. Zwaan)

111 In 1974 a study of Quaternary geology was done for the evaluation

of gravel, sand and economically valuable construction material(NGU).

During these last tens of years, a geological mapping of the

precambrian window of Komagfjord, between Altafjord and

Hammerfest (Reitan 1963), of the Altenes window, on the N- side

of Altafjord (NGU, Eareth 1974) has been done.

In 1975 the autochthbonous and allochthp1onousaround the window,

especially North of it, was done by NGU (Inge Bakke and Zwaan)

to complete the 1/250.000 Noreisa mapsheet. During a one-month-

work for NGU, we personnally mapped the autochthonous between

Badderen-Kjaekan and the Bergmark area. Some soil sampling

has been done around Cedar mine by Mr. Grammeltvet .



I. L.

F'rom 1972 to 1975, Sulitjelma has proceeded with the stream-

sediment geochemistry of the window.

We should mention that many old mining reporta from the

XIX and beginning of the XX centuries might be found in the

archives of N.G.U.

1.3. OLD MINING AREA .

The Alta-Kvaenangen window is well-known for its old mines.

On the Kvaenangen side, the old rnines are:

Middavarre EC 460542

EC 468536

Bergmark anticline : Sedars EC 472475
Kisgangfjellet EC 457450 (area)
Ruk'sesgsPrro EC 429472

EC 429430

Apart from these mines, we found some exploration works,

trenches, shafts, tunnels ..e. g. in the "canon" between

Riiddevarrevatnet and F jellbukta (EC 352556), on the left side

of the strearn, or at Randberg, on the shore ( area of EC 332595).

The last tentative of evaluation and production of the znineralisation,

except the recent and probably last exploration works ( see previous

work) have been done in Middavarre before World War II.

Sand and gravel are worked out here and there at a small scale for

local use.

1.4, SURVEY WHY AND HOW

1.4.1. Geolo ical motives

The only "general" map - except some local surveyings - of the

precambrian window is the geological map of Norway, scale

1/ 1.000.000 (!t.'. ), which is useless for the problems of regional

geology.
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Mines were in production at the end of the XIX and at the

beginning of the XX century, in Raipas (Alta), Kafjord, Kvaenangen.

F'urther North, in the Komagfjord tecton4e window, there is a

new copper mine since a few years (Reppafjord). There is another

new mine in Bijjovagge ( with an uncertain future due to the actual

economic conditions 	 ) on the other side of the Caledonides,


in precambrian formations, which are similar - if not the sames-

as in the window.

It seems from all these facts that the Precambrian might contain

mineralisations.

It was important for this reason to have more detailed tectonic

and stratigraphic knowledges and this for two reasons:

to try to find a "similar" control with the former mines

to interpret the geochemistry results ( stream-sediments

method) of sampling done since 1972 up to now, The pre-

liminary results of the geochemistry are not yet known.

The present work was therefore the logical continuation of the

work done on the Alta side of the window for Elkem Spigerverket

during summer 1971 and 1972 ( the latter work being our Ph.D.

subject, University of Geneva, and being the main material for the

precambrian part of the new geological mapsheet Alta 1334 I,

1/50.000 NGU).

1.4.2. Field work
Summer 1974
Our basis was in the boarding school of Burfjord, from 15.6. to
30.9.1974.

We mapped alone from 15.6. to d. 8. the area West of the vertical
coordinate (N-S) line EC 430, including the mountains Fltiddevarre,
Daurnanstind, Rastufjellet, Grönlifjellet.

Starting August ath, we got the help of an assistant, Mr. John
Harrisson, geologist, who - after a short period of introduction
in this volcano-sedimentary area - showed himself as a great help
and a good friend.

We mapped first, walking from the road, the Badderelva valley,
Middavarre ( - in collaboration with Mr. Per 131‘e, "ammanuensis"
(rom NTH, who was carrying out some personal researches on the
mineralisations ).
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The mapping of the inland has been done with the help of the
floatplane (two camps of 5 days each, nne at Flintfjellet, EC 500480,
one at Holmvatna, EC 621551).

After these two camps, the weather becar ie very bad( cold, rain,
stormy wind ...) especially on the high plateaus, preventing an
efficient work to be done there. For this reason we started with
the mapging of the N-part of C'aikavarre (EC 460500), and also
Lille Blafjellet (EC 500525), that we could reach daily from the
top of Middavarre ( it is possible to drive to the latter top, but not
recommended at all for the vehicle). This wav of doing was the only
one to save time and to map, in spite of the daylight getting shorter
every daf. Due to the weather it was irrealistic to try to establish a
camp in the working area.

The field work ended at the end of September with snow storms.

We think that the end of the field work in this area should be around

15th to 20th September for future work.

Mr. Jan Fr. Holten, Box 75, 9501 Alta, was the pilot of the
(A-flight lice-se)floatplane, and used to take off from Storelvdalen/Alta.
Despite the fact that we consider him as a good pilot, we would
counsel to fl; with professional pilots for field work: he happened
to forget appointments.

If a very detailed work has to be done later in the Middavarre area
or even as far as Fiskervatnet (EC 498540), or in the 134trgmark
anticline area (EC 460470), we can agree with and emphasize the
proposition of S. Laux in his report about the use of mopeds. 


For the two camps we used two small bivuac tunnel tents (one roof),
which were just enough, the weather conditions being not too hard
during these camps.
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Summer 1975

F'rom the 15th of June to the 15th of July ve were mapping
the authocthonous units between l3adderen and Kjaekan, and
also the Bergmark anticline area which was claimed by other
mining companies. This work was ordered by NGU ( cooperation
A/S Sulitjelma Gruber - N. G. U. ). During this time we had our
base at the boarding school of Burfjord.

From the 15th of July we were working for A/S S.G.
We had the chance to get as field assistant Mr. Arfinn Johansen
from Øksfjordbotn ( geology student in Troms4, lst. year).
His interest for the mountains around his homeplace , for the
geology and also his "local" knowledges ( e.g. for the shopping
before every camp) were of a great help for our work, which was
very difficult this summer due to the weather.

After some working days in Badderen ( Uldaidvarre, EC 435445) we
moved to Alta, where we could stay in the house of Mr. Dahlen of
Norsk Nefe'in ( to the 27th of August). Later on, we found a roozn
with a friend.

We established the following camps from Alta by floatplane (sea-plane)

22. VII. - 26. VII. Fiskervan (0ag'gujav'ri) EC 656523

30. VII. - 7. VIII. Baddervan (Nikkelubb'baljav'ri being
frozen ) EC 556422.

14. VIII. - 22. VIII. Lake West of Holmvan EC 575536

5. LX. - 9. IX. Djupvan EC 511464 (cabin with fuel oil
stove).

We mapped the area of Sedars Gruve (EC 470480) and the end of
the Bergmark anticline, walking from Burfjorddalen and bivouaqing.

The experience teached us that 1 1/2 - 2 days are necessary to pre-
pare a camp, including planning the food, the shopping - especially
in Alta where we have to go frnm one end of the city to the other, to
fMd everything we need - ... the refrairing cf the equipment damaged
during the previous camp, the preparation of the "mapping strategy"
on the air photos, ordering the plane, etc.

The flights were done by Norwing (Alta airport). We had some problem
at the beginning due to a new office man. On the other hand the pilots
have been very helpful and cooperating.
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Camp:each of us had at disposal a 2-men bivouac tunnel tent, with
one roof (Fjellteltet tunnel-enkelt, Hell Sport, Trondheim).
They reveal to be real "wind channels", the wind blowing through
the big ventilation openings.

During the first camp we tried to put the 2 tents in front of each
other, with approx. 1 - 1, 2 m between them, and with a plastic sheet
as shelder to cook between the two tents. This method should be
developped with a proper tent cloth. Our plastic sheet has been teared
by a wind blow

After this experience, we could use an ordinary mountain tent for
two persons, "doppelt". We used only the external tent, whose
borders joining the ground were loaded with stones, this as kitchen
tent and wind shelter. It was then possible to have a higher temperature
inside the shelder with the help of 2 candles and a butane lamp; the
cooking was less heroic but it was possible to warm the food.

We had problems with the butan cookers: they were working very
badly because of the cold weather.

The use of the kitchen tent improved the cooker's working too.

For a similar work we would advise in the future the use of 3 tents

( or 2 tents with a shelder in between), but the tenta should be models
with 2 roofs, as we were working sometimes nnarly in " late winter"
conditions.

•
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2. 2. BASEMENT ( Rai as Grou )

This basement is divided into 2 subgroups.

2.2.1. Sub rou of U er Rai as

2. 2. 1. 1. Dolomite interbedded with sandstone and shales

1,1s formatt )(1 is similar to the nnt mapped in Luovusvarri,

St Ikkatadfjellet ( Alts mapsheet 1834 I), coord. 755555.

There is an interbedding of dolomite beds and greywacke to

greenish schist-wacke. This dolomite has a light colour in

fresh section, pinkish, whitish or purple. The weathered

colour is light brown. This formation might not be recognized

on medium to lost slopes, the dolomite forming a negative

relief and being covered by moss, lichens, etc. and id seems

that there is only greywacke.

Small cliffs or crevices ( joints) perpendicular to the strike

let discover these dolomite layers.

The main outcrop of this formation is on Middavarri

(EC 530490) - do not confuse with Middavarre (EC 470540).

There is a thick layer ( 10 - 20 m ) of quartzite at the bottom,

forming a wall in the landscape when the dip increases. Over

the quartzite, there is a first thick layer of dolomite, very

characteristic in the landscape, with a light yellowish brown

colour. ( We put this basal dolomite layer as an individual

layer on the map, and another colour for the whole rest of

the formation ).

The upper part of this formation contains much less dolomite

layers as the lowest part. On another hand, the greywacke is

grading to a schistous wacke, light green with sedimentary

figures that might be confused with some layers of tuffites

of the Lower Raipas ( see below).

This formation is probably the top of the subgroup of Upper

Raipas, and thus outcrops as middle of the synclines.
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Cnr.wacke ( sandst me with some argillaceous layers.)

- this sandst me is grev-greerish at the bottorn nf the

formati in, getting gre higher up and is blue-purple


•in tht. t )p.

It is yer ,gendus, massiwe. t•nw thin secti,hts studied

ut th( ,\Ita side it sh )uld be classified as lithie c'rejr, acke

(Pettij )hn, etal. It is p)ssible to observe sedimentary


iigures sueh as ripple-marks, cross beddings, etc., with

s uretirnes mdre argillaceous layers ni s )me meters thickness.

Ii pinees there are sorne layers •:-ith fossile traces, s une of

therr ;L)-; ermeentric structures cm )f diameter.

)\ce) )rdiag to:ers. Siedlecka CU there are not stromatolites

( pyrsmini1SL assi ug.

his sandst inc appears as dark-green r mks in the landscape.

Very at.e). the surface weathering is masking sedinientary

struetures, and schistosit::. 2\s) fresa sections, these structures

ean hardly be seen - if the). can -Fhe best outerups are


surfuees bleached

It diffieult and time consurning t look after these sedimentary

structures to resolve the detailed structures, as the study of

the inter )p is s bad. Such a work in detail is useless in that

thesc sandst.mes have n ) econdmic value.

Oubcrr iup v.0 I niias

ArgiUlite  ( shales)

Ihis rock is dark grey, sometimes claret and has a little

luster, rather schistms. It might grade to a lithie v acke.

'JH a la c r argillite containing o

ratl)m) ixnn)rtnut lurnber of septarian mDclules" (ef. dieti'mar7

))( tcrms, T) dphird, this e. g. at coord. i C 4.).3(15...:0


— est )):



II.

lnciç s,»Iists

etual r ick t:pes might be designated as black sehists":

tuffs, tuffites ni even argillites impregnated with

black and/or rusted oxydation products (probablv hx :dation

tic, t.pe is recognized,

it is nidpoeti onUer its arinc.

.uften ute enn observe a black schist zdne of s ure dm.

nt the contaet hift.erent rock types,  xith gre(mst-)nes

(Invas :)t• think these are either contaet


Iretarnorphism phen  men ,ns or zones sheared anh

• x dised, due to tne differenue in the rock-competenee

(1uring the tect  ni- m.)vernents.

Idlack aud massive schistous, heavy, pr )bably

minbralised, witn t As of rusted surfaces )n it and

around the outerob, e. g. in [Cisgangfjellet in tne biergmark

anticline (I C 456456). rhis rock has been designated

granintic schist' in s  me earlier wprks. Up t i now and

far as we kn,)\‘ n) analyse has been done to elleck if

ftur is (. (earbdn1 n n vt. )r detail v.)rk it sh )uld be

Jr-eked ,f the c :Ipur and the y-eight is nDt due tr, iron

II ,a blnek r )cktype t schist 1J5, sometimes

s  metimcs erushed in thin plates. This

t uchist scems t us te  be ver: important f the

to L H1L. iii fact v e find sueh r )cks as "joints" between

v deano-sedinientai mcm clinal units, and very often

vet, irr.-?guhlr forms in cross sections, like wedges

e. g. ur locatidg thrust faults. these cross secti ins etc.

ght b,  bserveb in ealleHs perpeudicular the tectonic


.rt.ructures.j see ebapter 'tectunicH



-€) nat think that this r is characteristic

a Jefinit): strhtig,rapniu 1 r. It seems that this is the


resalt •if a tectanic grinding ;f several sedimentary

;)))1):ftagenic raHcs. "'e sarnetimes found lime zanes grey

1n- 3r.

aru ic;;;.-; ( ci 1;mitc -

i-hesei ck type:-) are f negative in the

landac;:ne due t their high ;)ften tillee iF qua“

Lit ‘;11

tmder this berciing v. t. niapped difTment r ick type)3:

raaosive dal nnit‘ aite esh sectians, light br )\*.1

v-eathered sdrfa‘T•is, caatiiining )ften veirdets and

n 4.;ie d Tiartz. chert ,

slam, ( t. J cm Car ,ne slate).

t7e firsn (1escriLeJ )91.amites cccur ;ften figethE'r.

del:mite made )f a r.-1) -1() •)f spherulitie nr pisnlitic like

eice cijis, fvari size, frun; s inie hirci t..) the em.

:ne mairM 1 If thc sir nn*)it1n as thi); Elen,:nts,

he cal )ur is faintlY greenish e. 4. at co )1:d.


•'"))H5:

est and f;)uth )f the enauntain )C i;iddevarre there are same

sbapolite hearing dalmnite ;-4 inn; in cross

secti• . and l•mg. de Itter -)p V est af 1),iiddevarre

bas bceidescribed b :\)ilnes 1962.

int c 
 ear.samr t:?as of

i ; Hiat • ;..1.2 156456 contains verr nurneraus

), inm in size.

iMmc samv Li••1mith nr lirse layers, ,iever

tHaker thnn JalLe meters,  -ary irregular (lenscs ^') and thus

suck.yi. (). 9-..Stuffsjtuffites v•. d il.imite lenses.



2. 2. 2.4, Basaltic tuffs, tuffites and tuffo enic sediments.

The volcano-sedimentary formations show important

variation on short distances. It is not possible for this

reason to map in detail and separately the different types

of tuffs, tuffites, etc. For the same reason the term includes

sometimes rocks more pelitie (tuffogenie sediments), thin

lime layer in tuffs/tuffites, and also some green and greenish

black schist associated with tuffs/tuffites.

l'he terrn tuff, tuffite and tuffogenic sediment is described

here according to the work of Blokhina & al., 1959. These

authurs established a classification for the ancient clastic

rocks and might be shortened as follows:

Pyroclastic rocks
Tuffs and volcan.ic

breccras
Tuffite

Tuffogenic
sedimentary


rocks

Uniform composition: 'Predominantly

tuffd pyroclastic
Non uniform composition: mat. > 50%

a lomerate tuff
sedim. mat.<50°,:,

Pyroclastic
mat. < 50%

Sedim. mat.> 50%

This formation is showing sometimes good polarity (way up,

sedimentary facing) usable for tectonic, such as cross

bedding, gradded bedding, or the angle between the strati-

fication and schistosity.

Thesc rocks are forming generally negative relief in the

landscape. When the dip is high they have a tendency to

outcrop as "schists".

f3anded rock: this rock shows a banding of light green

and dark green bands ( sometimes even greenish black)

on fresh cuts. On bleached surfaces the light green

bands ere getting whitish and the dark bands light green.

The thicïlness of an individual band is of a magnitude of

5 mm, but might reach 2-3 cm. The size of the grain is

small up to invisible (aphanitic).
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II.

distinguished 2 main groups of greenstones:

- thtoarse grained metadiabases ( or tmetagabbron

after the use of Canadian field geologists, considering

only the appearance of a hand specimen and not the

occurrence, as sill, dyke or plutou ...)

the medium to fine grained greenstones named

fi m•
tt

ne grained etadiabases
Ior metabasaltes .

Pillow-lavas belong to this group.

• or all these greenstones", except when the occurrence

is very clear ( pillow-lava or other tipical volcanic feature,

or when the intrusive character is certain), there is always

a doubt: sil or lava flow?

A sill nuight intruse in consolidated rocks, or in non-consolidated

r.nd still water-saturated sediments; a lava flow ( submarine or

subaedal) might be massive. Fhe distinction between sill and lava

is a problem in man:, cases. ( Ihis is a general problem in ancient

volcanic area cf. 11. Vurnes in the Solund area).

No typical intrusive contact feature has been determinated safely,

as the contacts are very ofteu masked by talus, or are strongly

weathered....

We shall mention that the sediments close to these lava-flows

or sill are very often crushecl on the contact; this is due to the

competence difference during the tectonic movements.

According to the great lateral extent of most of the greenstone

levels and their regularity, we do presume that thev are mastive

lava flows, aud probably submarine, without pillow-lava forma-

tion.

In the field, these r ieks are brownish russet on weathered sur-

faces, dark green to light ni same polished or bleached surfaces.

The weathered crust ( surface) and the lichens ( and moss in

some cases) might mask completely the surface look of the rock,

so far that it happens to go over a rock boundary without notieing
it.
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2. 2, 6. I. Caarse :;rainca greenst )ne C metag:dibr ;

char‘mter zed a meta-pphitic na:ta-

inka-sert,d tacture. i s:.orph might

differ, jinpeadim4 !):1 ournlitisati:rn,


rs.tabiHy.t•itiJati

Ceaeralle me can )bservu on s are eathered surfaces

the ht:t f aliuite micr ditt:s oac t )n oifferential etehing

ecery mineral t- P.

:aarai;wu basaltic tuf: $i tIlffitcs_
C.I

a I a beea used to inuicate c -)arse

	

i tti t.ins) sttp:trate.1 ' tuffs,

	

rwrites ,rt1HJCllU LZ t ttatekl tett t ) smail t,, be

t.:. ttt ,:naraeteristic n air ph4tos

LL.t.

2. 2 tabr_salt e.-meta air!,
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it) Ices reeta-)phitic t nmta-intersertal

tey ta
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pipn lava stream fl.ays wer a wet

anbstratum .--;•M-1,-;)li fl 10w deptn suPrearine

vlnnnir the )re stream rises inta the lava flow,

e-ith a vatm).:abb iorce, lorming "pipes. ,)

ha:at eaen )ther, larming an

-; t ; fi;ure

idiavarre ani surnunding

slibit ver: gaad autcrops
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tbe tnp of :t•idinvarre "F'it nn the sketch

iddayarrc, see :)elow) ftsere is n laya surface

hnIcn, their nvere being between

?-5 rmr. attain i cm . In

vertical seetinn*; this Invc sul'fnce, nne ,tbserves


the pipe vesic1 along their length; some of them have

beu refilled tte several see pndar-; minernIs. (:thers

ren.ain ernpH, as hand samples resemble a coarse

sciten made f lnya.

ninl- in an6 alsn th

lpenlities surfncet: tsith pnlegt mal nets with a

- cm ntibt he observed. l'hey

reee:-1 thoy: =;1:1 ts, be lava fley,t vith c ilumnar


jointing. Lhe trenches pf the old mines in it  iddavarre

let sce thesecdurnns in view. 'fne

tcxtnre the rine t;) medium grained. Up to

ds regar_leti b:. .Jc );; crie geo-

logists PS a gatiori pluton, according to the appearance

a hand spectc en, this gabbro e.zplaining the presen-

ce of the minerailsatinn 	

thci nt1-1 inet bat.,citie lnvc y-ith

cedumnar jninting in santiTyien bet‘et,cn tuffs, tuffites

nnd pillow-lavas.

in 21(.:.fje1-Lt 5 G - aL ennobserve

if the cylTimus, forming carved

sliccs up t cm thick, perittn.r.2icular to the axis

the colum.n. ( l'hese slices snnuld ant be confused

'T.ith the I. e .4n nIs ) present in the


enlumns fl snme

-
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ahDuT , perhapn cven ire). T;'ne t[..)

Le partl )1[.. tect alang

ii - it is uat to guess thir extent al[ang

tile GrAtif.[ig it ectiiri. hc,". are gence[ally arearring as

con[iple.0 .21[[\[,[: th, v ttuai my the t p eil ut Inea stream has

sichv stla.L.tui[e; tvu re.it vf the ..2treara cau. Istihg DI massive

lava; accurs hI tween lava.r..a'ers

il. twIlfaYite fd-between.
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pillow-lava flow

crust of
— the pillow

hole in the crust
11. of the illow

It is possibleto observethemodeof formatiomof a pillow-lava
alongtheriverGammeelva thecrustof thepillowhasbeenplerced
(probablydueto the internallavapressure)anda newpillowhas
beenformedfromthishole.ltis an evidencethatpillowsareprima-
rilyinterconnectedandarenotisolatedbags(=pillows...).
Cf.recentspapersaboutsubmarinevolcanismandthe filmof Tepley& Moore.

NOTIC£ 450‘17" PILLOW-ZAVA

kke ca//ed pl/opi-/ava 0,7/7 rocks _roikving deady sonie

11, charanieriilic e/emeats- ot. fillow-s/niclute

Field report- 1971 .
cAP for Chrish'aw4Striefk

filta cifecf)

egfrad- _

• z
'ej $41.4.> • 1 41 w,lif

to, (CAT.eff C

DowN \sfew

rfrery /9/VP 11 ni ,OsSiNe, kre axed tdlow to 4.1ernilite

pcsiNem 01 sede (normed or 6//e9-.17k4down)

6enercd/y A-dows- 79.-mcd/onxhave ar fed06.-rA kowil

weaMer1/218 ca/or .(krign. /ook>iy FreiA fecl/wfx

111/:94/ (47-k yreen, eve), knillout wril/e fhwricgre
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2, 2. 2. 6. 6. Metadiabase "interbedded"(?) with marble "la ers".

We found in a single locality, as elongated hillock

(EC 355610 - EC 373602) a mediumf coarse grained

metadiabase alternating with coarse grained carbonate

(marble). The melanocrate minerals (dark) are elongated

along the structural direction. On cross sections, one

recognize a blasto-ophitic structure, with lots of veinlets

and epidote zones.

The marble occurs as bands of 30 - 50 cm thickness

(sometimes 10 cm only) with a "layer" every 2 to 10 meters.

As for all the carbonate layers, these are difficult to

localize on smooth slopes. They are easy to be seen on

vertical joint surfaces perpendicular to the structure.

The dip is about 400 to the NE and is getting steeper to

the South ( to 60 - 700), where the frequency of the marble

is increasing ( one zone every 2 m ). When observing the

marble zone on the cliff surface, it seems that there is

some "boudinnage". The metadiabase seems to have been

deformed, elongated (tectonically); this is well observed

along the foot of the cliff.

There is a little problem with this outcrop: does it belong to

Lower Raipas or already to the autochthonous ( this latter

containigg tectonized greenstone lenses in the Kvaenangen

area)?.

The position of this outcrop along the border of the window

and the fact that this rocktype occur4nowhere else didn't

give us the upportunity to resolve this problem.



2. 2. 2. 7 Ultrabasic

We found outcrops of a met4ltrabasite, probably a partly

seppentinised, tectonised and metamorphised lherzolite in a

" tectonic zone" as a geological "scar", in a single zone,

following BfElfjellet to the W, emerging out of quaternary

deposits. (EC 487531)

The weathered surface of this rock is orange-rusty coloured,

with lots of serpentine veinlets running in all directions.

On fresh cut this very light grey-greenish rock seems to be

monomineral, made of tabular cristals of approx. 2 mm size.

In fact we can observe serpentinised pyroxenes and (?) olivine

in thin section ( see ch. 3).

This rock is the only ultrabasic inet in the window, from

Kvaenangen to Alta.

The closest outcrops around this ultrabasic body are black

schists. Our hypothesis about the role of these schists seerns to

be confirmed.

This ultrabasic body disappears to the South, in the direction

oPflintvan.
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Thc Schcommistion scoa•eY,s udnd the prefixes 17:(7.1- and felfe0- to
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METAMORPHISM, GEOCHEMISTRY and GEOCHRONOMETRY

3. 1. Metamo hism (rom thestud of thin sections)

3. 1. 1. Introduction

Most of our (meta-) diabases have a primaryiophitic or intersertal

texture. The recrystallisation during the metamorphism did not

affect the same way all the rocks. Some of them still exhibit rather

fresh primary textures ( blasto-ophitic or blasto- intersertal),

some others recrystallised textures ( grano-nematoblastic).

The effects of the metamorphism are as follows:

The plagioclase have been transformed in albite;

The augite are partly or completely ouralitised (actinolite).

Actinolite crystals did grow in all directions and everywhere,
and also epidote

S ome zones in actinote have darker outlines and cleavage

border. This is due to the formation of hornblende, showing

variation increasing of the metamorphism, to the upper part

of the geeenschists facies; this is confirmed by the apparition

of biotite.

3. 1. 2. Usual ara eneses and metamor ism rade

Some parageneses found in the basic sequence are :

albite/ augite/ ouralite/hornblende/ leucoxne/biotite/carbonate

albite/ chlorite/ epidote/ quartz

albite/ Ti-augite/ ouralite/ chlorite/ epidote/ leucoxéne/apatite

albite/ augite/ chlorite/ actinolite/ leucoxène.

In some cases the leucoxène ( from ilmenite) is dissethinated in very

small grain and in such a way that the optical determination of the

thin section is getting impossible.

In the pelitic sequence ( also in the tuffs/tuffites etc.) there are some

neocrystallisations of idiomorph crystals of tourmalin, interpenetrat-

ing the neighbour minerals. (Schorlite).

All these parageneses indicate that the rocks of the window belong to

the greenschist facies, and that there is a little variation in the

metamorphism to the highest part of the facies.



	

3.2. CHEMISTRY ( main o des)

	

3.2.1 Introduction 


It has been established from the microscopical study of

thin sections that the meta-volcanites of the window are

roughly metabasaltics ( - metagabbroic).

This fact is confirmed by chemical ar zlyses. We plottet the

results of analyses from the N-NE side (Alta-side) of the

window (number 1 - 11, marked on the diagrams with circles)

with the results from the Kvaenangen side of the window, to

show a full view of the window's chemistry. The results

W of Oag'gujav'ri have the number 12-22 and are marked with

full squares on the diagrams.

The results are monotonous. On the Alta side there is a

tendency to spilitisation.

The analyses have been made on:

pillow-lavas ( border and center)

fine grained metadiabase

coarse grained metadiabases

tuffs/ tuffites

3.2.2. Data from the rocks on the Kvaenan en side of the

Alta-Kvaenan en window .
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(1,,,,d4)4

Di,grarn
numier

11049 louE

51027102 AL203 55203 FE0 /190 850 CAO 11820 K20 19705 1120- 1120. CO2 SUKOX.

l2 1128 A9.11 0.95 13.39 3.13 11.39 0.29 6.02 5.92 2.77 0.45 0.18 0.01 2.43 0.23 99.21
/7 1265 46.63 1.47 14.18 3.42 11.51 0.22 6.34 8.24 3.83 0.37 0.19 0.03 3.63 0.19 100.65
/4 1333 47.11 1.40 13.66 3./9 11.64 0.23 5.43 10.35 2.26 0.15 0.16 0.00 2.15 0.29 99.64

15 1365 45.69 1.15 12.75 4.84 9.22 0.18




2.52 0 .13 0 .1 5 0.13 3.54 2.97 103.21
/6 1115 49.15 1.33 12. 39 3.51 11.35 0.:// ').:3:2 1  11.4 2.75 11.64 5.19 C.3) 2.77. 1.16 123.56

/7 1153 47.33 1.05 12.43 2.51 7.95 0.22 13.19 13.37 11.16 0.11 0.16 3.13 1.62 3.46 100.54

19 1289 49.14 1.05 14.04 3.30 9.77 0.22 6.52 13.11 2.13 0.11 0.13 0.10 2.61 3.1. 99.55
3 01183 43.92 8.95 11.95 2.55 9.97 0.19 9.52 9.32 2.23 3.31 0.14 0.03 3.25 11.39 99.71

20 01153 49.45 0.95 11.94 2.4S 9.81 2.19 9.51: 8.51 2.72 0.01 8.15 0.20 3.25 0.51 99.52

2/ 91185 45.93 1.33 14.19 2.92 10.64 0.25 9.91 8.89 1.61 0.,6 0.17 1.03 3.83 ..1.21 99.54

22 01185 46.79 0.97 12.51 3.33 11.00 0.25 10.63 9.23 0.90 0.03 0.17 0.13 3.57 5.21 99.37
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3,2. 3. Dia rams

F

3.2. 3. 1,Dia ram asd

(114 k 6p) (441 6,»
3

These diagrams, established by h. de la Roche,

G. Rocci and Th.Juteau 1974, allow to put in evidence and

to show the specific character of basalts and spilites, better

than the classical diagrarns, such as Harkey, Niggli, Peacock,

Jung, Kuno, Murata 


The parameters have been calculated with the number of

milliatomgram in 100 grams.

3.2. 3. 1. 1. Diagram (4/ - z_- ().11 N4)

This diagram shows the differential " behavour" of the alcalis

compared to alumina; it is possible to distinguish the "sedimentalty

weathering" ( "degradation sedimentaire) from the igneous

differenciation("differenciation ignee").

" fact, part of the rocks of the window are in the basalt field,

the other one beingighe spilitic field.

3.2, 3. 1.2, Diagram 3
ifro 4 ,e4 Cai 7/(k— (FatC4))

The interesting fact with this diagram is that the vector

showing the transition anorthite—~albite is projected

on the diagram as a very short line, that might be assimi-

lated as a spot. This latter fact allows to avoid mistakes,

in the case of modal analysis e.g., due to a too high

albite content in spite that the basic grade of the rock

did not change in the case of spilitisation  and metamor ism
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One observes that the rocks of the window are grouped

together, showing no tendency of differentiation along

one of the classical igneous serie.

The dotted line on the diagram indicates the limit

between tholeiitic ( above) and alcaline (under) series.

The tholeiitic character of flie wIndow appears clearly.

3. 2. 3. 2. Dia ram FMA ( total iron oxyde, Mg0, total alkalies).

This diagram shows the " monotony" of the rocks of

the window, and the very tholeiltic composition of the

columnar basalt of Middavarre ( no.17).

3. 2.3, 3. Dia ram Ca0 NaO M 0

This diagram shows the decreasing Ca0 to the benefit

of Na20 in the spilites. The rocks of Kvaenangen are

in the tholeiitic area.

3.2. 3. 4. Dia ram Ca0 NaO K 0

This diagram shows the very low content in .

3. 2. 3. 5. Diagram  C4 0 	- r 01)

L 0 j0
li is possible to put a limit in this diagram for the

apilites. Fiala 1974 ( in "Spilitic rocka") proposes

Ca0/ Na20 + K20 < 2 for spilites.
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metamorphism is smaller. The preliminary age is
. 9approx. 1,4 10 years. Due to the metamorphism, this

age is certainly too young.

The following work will be done:

isotopic dilution - analyse for some samples

due to the very low content of K.

some Rb/Sr age determination, this method

being less sensitive to metamorphism.

The full results will be published later in Norway, after

the agreement of A/S Sulitjelma Gruber.
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4. 3. Tectonic ma

E lanation to the tectonic ma

The circled numbers ® • ® are referring to the tectonic

map.

Montclinal unit of mainly coarse grained metadiabase and

black-greyish sediments ( also some scapolite bearing dolomite

to the W). Steep dip to the W, way up not known. Laying on

unit number with a thrust fault.

Monoclinal unit of mainly lavas and volcano-sediments: pillow-lavas,

tuffs, tuffites, fine grained lavas and some layers of coarse grained

metadiabase. Steep dip to the SW. Way up: up-eide down, shown by

pillow-lava layers and sedimentary structures in tuffs/tuffites.

Between units 0 and 0 : zone of black schists, stnIrgly tectonised.

Between units 0 and 0 : important fault;

Monoclinal unit. Stratigraphy ( rock types) similar to unit 0

Steep to the W (SW dipping), leas steep to the NE.

Close to the limit between units ® and ® , strongly tectonised

zone, shown by deformed pillow-lavas ( being elongated);

Monoclinal unit of mainly coarse grained metadiabase, tuffs/tuffites

and some dolomite. Low dipping to the NW, wayup unknown;

0 Monoclinal unit of coarse grained greenstone, dolomite layers and

some tuffs/tuffites.

Many faults in this unit. Way up probably normal.

Between units fl and fl and C) and (i), zone of black schists;

0 hnportant monoclinal unit; upside down.

Volcano-sedimentary unit: important serie of pillow-lavas layers

interbedded with usual lava streams and tuffs/tuffites. Way up

shown by pillow-lavas and some good features of lava stream's

bottom ( gaz pipes ...), and also by sedimentary structures.

Dipping: low to the W, steep in the middle and to the E.

Between unit ® and 0 zone of black schists and pelites.



Monoclinal unit. Cnuld be upper part if unit (-6-\ , but this is

not sure. Consisting mainly of lava stretars inderbedded with

tuffs/tuffites; the lowest lava-strearn is sh :wing a pillow-lava

structure. Steep dipping to the \V; upside c:cwri. Between

unit '7; and (r9-'),3C".") black schists 	

•

Yold along anaxis, dividing an anticlinal structure in two:

6.21) and.

Anticline, both limbs dipping to the W. The anticline axis is

probably a Malt, at least in thepart of this enticline.

1;ock-tpes: meta-diabases,streams, tuffs/tuffites


and some in.p.,ftant dolornite layers.

Important volcnnic sequence of columnar basalts,

interbedded with tuffs/tuffites, pillow breecias. Dipping rather

flat to the , steep to the S.

rhis zone is forming an anticline, which --as in fact the same as

the Bergmark antieline ( nb but has been individualised by

a folding alang a axis;

'fhis zone is strongly covered by quaternar:; deposits. It consists

of sedimentar, la,yers (gre., wacke etc.) uith septarian nodules,

and black l'robably a teetnnic discontinaity between

111	 unit 10 and 11 . T..ltrabasic rocks (lherzolite, partly


serpentinised, outcrops as hills);

Lavas, pillow-lavas, tuffs/tuffites-

Very tectonized area, v-ith many faults, thrust faults, etc.

General dipping to tht. , ver1 steep. Wav upside down to vertical

( way up to the 1:);

(13 tavas (. with columnar basalts), tuffs/tuffites.

Dipping - vertical, way up t.) the V.

Between unit and L black schists and tectonized zone;

between unit and 4,, probably normal contact;



IV. D

Sandstone of the blpper Raipas sub-group.

Way up to the E. The upper part of this sub-group consists of

interbedded sandstone and4)lomite ( see 0 );

Formation of interbedded dolomite and sandstone, with a quartzitic

layer of about 10 m - 20 m at the bottom. The number and thickness of

the dolomite layers decrease to the top of the formation and the

greywacke is getting more wacke, and the colour changes from grey

to greenish. The formation is forming a syncline, whose fold might

be observed from coord. point EC 545513  to the NE on the side of

Didnoidhar'ji. formation is disappearing to the South because of


an axial dip to the North on the Southern part of Middavarri-

Nikkeluob'balat (EC 530470).

This unit h overlayed to the E, (rom the South to Didnoidhar'ji

(EC 570515) by autochthonous and allochthonous units. On the N orth of

Didnoidhar'ji, there is a fault between tlds formation and the next

tectonic unit to the E;

0 Unit of lavas, pillow-lavas, tuff/tuffites, dolomite & Lower Raipas),

and the beginning of the Upper Raipas greywacke.

Dipping steep to the W; way up normal.

Very complex tectonic: this unit is laying over (?eo-carnbrian ?)

white quartzite ( thrust fault);

0 Mountain of lava ( fine grained) on which no structure has been found

in the Northern part. To the South, a pillow-lava stream and gradded

bedding in tuffs/tuffites indicates that this zone is the front part

of an anticline fold, the middle of the fault being faulted and the

Eastern flank upside down;

Serie of lavas, pillow-lavaa, tuffs/tuffites, forming the limb 4 an

anticline. The other limb is covered by the Bossekop quartzite in

this area. Tlds zone is the continuation of 3 , but is locally inter-

rupted by faults;

Dolomite and sandstone of the Upper Raipas sub-group;



111.E

Same formation as , forming here a syncline too, but

much more isoclinal in this case. To the N of Bavtavuolesjav'ri

(EC 625520) the syncline axis disappears slowly in the air above

Botnelvdalen, bending to the ENE. The Lovosvarre formation

between Mattisdalen and Botnelvdalen is the continuation of this

anticline-middle;

0 This unit consists of the Lower Raipas sub-group. li is forming

an anticline whose Eastern limb is upside down. The Northern part

of the anticline has been strongly deformed during the folding, this

showed by the folds in the dolomite to the North;

"Island" of Lower Raipas meta-volcanites limited by a fault on

the NW and unconformably covered by autochthonous tillites and

quartzites tbthe E and S;

Zone of Lower Ralpas meta-volcanites, corresponding probably to

unit 0 , as other Iimb of the syncline whose syncline-axis is in

the 0 unit. The structures ( pillows, gradded beddings ) are

difficul.t to be found and are in a bad condition;

0 Limited by faults, zone of aittochthonous ( tillites and quartzites)

and allochthonous ( nappes) covering the precambrian;

Pleteau with an important cover of boulders, showing some

outcrops of Upper Raipas greywacke and some of a nappe made of

quartzitic sandstone very similar and difficult to distinguish from

Upper Ralpas: ( cf Ch. II nb. 2.1.1. );

Very tectonized zone, with lots of tillite beds and tectonized greea-

stones. It is not certain that these greenstones are belonging to the

window's structure, or if they are ( precarnbrian) tectonic lenses

within the autochthonous as it occurs ia the autochthonous units North

of Buy'ravhgiera river (EC 550540) - (personal communication

from Mr. Inge Bakke, NGU).



Iv. F

To the South, E of Baddervan, a zone of greywacke, probably

Upper Raipas. But it cannot be completely excluded that there is
+

here a - quartzitic greywacke belonging to a nappe ( cf. 0 and

Ch. 11 nb. 2. 1. 1. ) ;

@ On the flank of Didnoidhar'ji white quartzite with a dip slope. To

the E and SE of Storelvvnt (Cav'dajav'r1), folded rocks, quartzitic

( - gneissic), belonging to the nappes.

•

•
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V LOCAL DESCHIPTIONS

5,1, Middavarre (f.0 460540)

Lx lanations to the eo10 ical eketch of Middavarre based on the

air hotos (E 7) E 3 (F' 9), ni ht 2025 from P'ellan er-Wider e A S.

a - b way followed to establish the profile ( next figure)

from the cart track on the top of Middavarre to Gammeelva.

the river has digged its bed in a flow of pillow-lavas;

Vurther clownstream from b the river has made a canon

in the lava flow,.

go')d and didactic outcrop showing a pile of pillow-lavas

with a characteristic "younging" or sedirnentary facing" ;

cliff made of pillow-lavas. rhe cliff allows one to see the

pillows in a three-dimensional view and to study the

formation of a pillowed flow. The bleak plateau at the

foot of the cliff ( approx.between point b and d ) is

made entirely of pillow-lavas;

on the track, cleaned from the lichens etc, by passing

tractors, a typical outcrop of pillow breccia;

L. glacier-polished surface cutting a flow in no

particular direction, showing the internal structure of the

pillow. About 10 rn from there, a lava surface "covered"

with the holes from the pipe vesicles;

a pillow-lava breccia outcropping just on top of

Middavarre;

several good outcrops showing a polygonal pattern, which

is a perpendicular section of columns of basalt ( basalt

with columnar jointing)

at the end of the cart track to one of the old mines,
outcrop free of lichens, "polished";

on a small hillock, close to the lake;

on some rock's surfaces outcropping close to the track;

trenck of an old mine, with columnar jointing as a wall.
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VI ECONOMIC GEOLOGY

As mentioned before (cf. "1.2.2. Previous work", "1. 3. Old mining area"

and r 1.4.1. Geological motives") the Alta-Kvaenangen window was an

old district for ecornmic geology. See Vokes (cf. references ch.X) for

the description of mineralisations in Raipas /Alta.

Generally the greenstanes are containing disseminated  pyrite  , as very

small cristals.

The study of thin sections indicate the presence of le uc oxene with

traces of ilm e nit e ( eL" 3. 2. 2. geochemical datas"): the green-

stones c•mtain I - 1, 5°/, Ti02.

One can find "coating", "film" of m al a c hit e  , disseminated in the field.

These spots have )ften as origin a veinlet f caleite with one or two

cristals of chalcopyrite, of some mm'S onlY.

In the Ee'rgmark anticline area, and also South of Djupvan, there are

sorne clolamite layers containing quite a lot of idiamorph cristals of

m agn et it e  (actahecir,ms), often pseudomorphased in limonite  

They have a size of some 1/10 of mm.

Traces of m æl achite associated with oxydation r oducts might be

seen in the "black schists" in tectonizéd zones.

Malachite c )ating can seldom be found higher than the tree-line; this is

probably due t ) the bleaching ( snaw and rain ).

In sheared zanes ( faults), as between Lille and Stora Riiddevarre, there

are some joints filled with  as bestas (amphibol). No d olomite layer

is pure and/or thick enough to allow any expl utati m for this mineral.

Yle shall mention that all the visible traces of mineralisations have al-

ready been discovered during the active period of mining, end of XDC,

beginning of XXth century. This is deduced from works met in the field,

such as trenches, shafts etc.

The conclusion is that if there is an economic mineralisation itrour

research field, it is not visible just with "nacked eyes-, but can be found

•nly by geochemical or geophysical methods.
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VII. DISCUSSION

7.1. About the thickness of the series.

Due to the tectonic, it is very seldom to observe the stratigraphic pile

continuously. The favorable zones for the evaluation of the thickness of

the series are the Bergmark anticline on the Kvaenangen side of the window

and the Kvaanvik area on the Alta side.

In the Bergmark anticline (Lower Raipas), the problem is the following:

on the W, the series disappear under a zone of black schists (tectonic zone).

Over this zone there are always rocks from the Lower Raipas. To the W,

the anticline is followed by the highest part of the Lower Raipas, then by the

beginning of the Upper Raipas. Now there is a tectonic "accident" further North,

so that ultrabasic rocks are to be seen. This "accident" is going in direction

of Flintvan, where it seems that is disappears. If this is the case and if it

doean't exist anymore at the level of Badderelva river, then it is possible to

evaluate the thickness from the middle of the Bergmark anticline to the top of

Lower Raipas. In this case ( the most likely), the minimal thickness of the

Bergmark anticline is approx. 1,5 km. (approximation due to the variation of

dip along a profile).

If, on the contrary, this "accident" should go further than Flintvan, to the South

parallel to the structures, up to a point where it would disappear under the

overthrust, then we w)uld not have a continuous series anymore and the evaluation

of the minimal thickness would be indeterminated ( due to the lack of marker

layers).

The thickness evaluated in Alta by Holtedahl for the Lower Raipas was approx.

0, 8 km. In Kvaenvit we estimated approx. 1 km But it seems that the series

is not completely present at tits, bottom.So the real thickness should be much

more.

About Upper Raipas, between Bla fjellet and Middavarri (included the doltimite

and greywacke/shale formation at the top of Upper Raipas), it is possible to

evaluate, with the dip variations, a thickness of 1 - 1,5 km. This is of the same

magnitude S the thickness mentioned by Holtedahl and Zenzen, Upper Raipas

in Alta ( ni 1 km).



7. 2. About the sedimentation conditions and their relation with tuffs tuffites

tuffo enic sediments .

As mentioned in the chapter "Petrography", the term tuffs/tuffites/tuffogenic

sediments includes rocks of different aspect ( descriptive).

Now we should also consider the genesis of these deposits.

As a matter of fact, it is possible to have different formation mechanisms for

the same final result.

We shall consider here two main possibilities:

Primary volcanic origin: hyaloclastites. Submarine volcanoes can produce,

apart from lava streams, important ampunts of hyaloclastites. They are

formed b; the fragmentation of the lava when it is in contact with cold water

(Tazieff 1972). If the volcano is close to the surface, these vitreous fragments

might be ejected in the air before felling down again in water.

This shows that purely volcanic rocks can be deposited in water as an usual

sedirnent, this explaining sedimentation figures in tuffs/tuaf ites such as cross

bedding, gradded bedding, Bouma sequence (turbidite).

Erosion "in situ" : we can also imagine the erosion and the deposition nearly

"in situ" of local volcanic rnaterial, coming from a line of volcanic islands

e.g. The result would be a kind of volcanic greywacke. In this case too the de-

position happens in water producing the usual sedimentation figures.

The metamorphism, in the "greenschists facies" induced many transformationc:

the volcanic glass has been devitrificated, the rock has been homogeneisated,

weathered; the structures, in a fine grained rock, disappeared. For these reasons

it is not possible to distinguish frozn each other between these two possibl e origins

of the rocks. ( The chemical composition of these rocks is typically basaltic).

We personnally think that the first mode of formation was the most important:

for the second one, a too big emerged area would be necessary. According to

the numerous pillowed flows (= submarine) it is not the case.
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VII. f

Although one can consider our way of calculation as not adequate,

anyway it is ehowed that the two horizontal directions of extension

are very big. For this reason we consider - according to the latest

volcanic litterature - that these lavas cannot be emitted from a

central volcanic mouth only, but from a volcanism of fiseural type,

such az the one observed and studied presently on the ocean floor

(Atlantic, Pacific, Red Sea, Afar - today emerged - etc.)

In conclusion we consider that our field was an ocean floor This

hypothesia fits with the chernistry of the lava (tholeiitic, like the•	 actual ocean floors) This would be an explanation to a certain


copper anomaly in some sedimentary rocks of the window associated

with lavas ( cf. D. Rickard in Bartholom 1974).

•



VII. 6

7.5. About the limit between Lower and U r Ral as

•

The upper part of Lower Raipas is made of argfflite with

dolomite layers; the base of Upper Raipas is a sandstone.

The transitional zone between these two sub-groups is always

covered by quaternary deposits. The dip and strike are concordant.

Reitan 1963 mantions an " assumed erosional unconformity" between

these two sub-groups in the neighbouring Komagfjord window

(NGU no.221 p. 9). In the Alta-Kvaenangen window we found no

element to confirm or contradict this unconformity.

Another way is to consider the paleographic relations between argillite

and sandstone. But we don't know the source of the Upper Raipas sand...

this happens beyond the limits of the window and we only can assume

things and facts. So we can admit that an " assumed erosional

unconformity" can.. occur.

•



VII. Fj

7. 6. Com arison of the ty e scheme for the '' reenstone belt".

tried here to compare the greenstones series of Lower Baipas

with the type scheme for the "greenstones belt'' established by

G.Allard. This latter, who found important Cu .)re bodies ( sulfides)

in Canada, e.g. Chibougano ( Lac Dor, Quebec ) developped a type

scheme, after coirparison with the big "greenstones belts" of the

world; the observations concerning the mineralisation are confirmed.

rom this model it can be stated that mineralised lenses of little

economic interest aan o‘.cur at everv level, coming generally from

the feeding dykes of acid intrusives. But economically important  

ore bodies are el)se to the acid intrusives, just above a chert layer

whose thicknes s might vary ( some cm. to some m 1).0n another

hand it seems that the importance of the mineralisation is in relation

with the thickness of the series.

In the Alta-Kvaenangen tectonic window, compared to Allard's model,

we can state:

the thickness of the serie is one magnitude smaller than

greenstones belts ( 1 to 1,5 km against li5 - 25 km )

the tectDnic divides the units in "small" fragments, so that

it is not pDssible to "follow" a laver.

there are no acid intrusives in the window.

From these points we can deduce either that we have here a

greenstones series with a small thickness, or that we have only a

part of a thicker series.

Brom the second criteron ( tectonical) we think that the second hypothe-

sis is more likely, as follows: during the folding phases the series

has been cleaved along a plane more or less horizontal; the part

above and under this plane have been tectonised apart.(cf. ch. IV,

paragraphe 4. 2. ). rhe upper part bas been then divided into rather

rigid blocks that have been nearly not deformed ( this is proved by
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VII. K

the observation of non tectonised and deformed primary structures

such as pillow-lavas and sedimentary structures), except some

"hinge" zones, which are anyway often faulted. All these platy-blocks

did slip over each other. In such a model we can even consider that

the observed ultrabasic rocks, coming from much deeper, did not

intrude as "warm bodies", but as diapyric intrusion, "cold" , as it

is usual with serpentines.

These facts would prove that the ideal conditions to locate important

ore bodies are far to be realised, or at least very much perturbated.

For this reason we think that there is very little chance that the

Alta-Kvaenangen window become a  modern mining district.

•
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VIII. PUliTHER V;(,1-(K

coasider that we have described the structures aud the stratigraphy of

the window, mapped ta the scale 1/53. 300 ( regimal geology).

Acadernicall>, speakin man researches might still be done in the area:

detailed petm)graphical stud •, metam)rphism, n-.agnetical parameters ot

the different greenstanes, stud., of the structure or the lava streams, geo-

chemistry of trace elements, etc., etc...

Practically speaking  H mining industr. ): ev-em.thing is depending frorr the

results of the geoehen-istry. If they are negative, et think that this area

should be considered as iainteresting ( for mining purp )ses), according

the ar2tual ge ,chemistry aa(1 pr )speeting meth us. If these geocnemitr

results are positive and n detailed ge 1 )gical rnap nceded later, to a

scale such as 1/13. UOU, 1/5.303, l/ 2(Yl I etc., then wer suggest: to divide iinte

the terms of our legead, cspecially the ''tufrs, tuffites and turfogenic r

ahd als.) the "greenst 1-iesn, that sir)uld be clasaified according to their

detailed mineralogY. This Juld be a long-time and hard -nork, t i be done with


.eith thethelp" of a great numbee af thin sections. Uhe geolugist in charge of

such a should first  have to at the t.-pical r-)cktnpes ciescribed

f the y ind-,v-,first along typical prefil such as the mc of :\iiddavarre


(ef . 5. 1. ). But such detailed mapping can and shall be done only cin

small surfaces, directly en• and around the target.
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IX. CONCLUSIONS

SorLe 1500 to 2000 million years ago, the studied area was a sea

bottom, probably a part of an ocean crust. The sedimentation was

pelites and carbonates (limestone and dobmite), with an assumed

small sedimentation speed. An important volcanic activity occurred

on this sea bottom: volcanism (submarine) characterized by the formation

of massive lava streams, lavas with the typical "pillow-lava" structures,

pilow-breccias, interbedded with tuffs, tuffites and tuffogenic sediments.

( cf. discussion). Some parts of the area were in shallow waters or as

island; this is showed by columnar lava strearns. All this volcanism,

of fissural type, produces lava flows of big extent. The end of this volcanic

period is marked by a more important deposition of tuffites, tuffogenic

rocks and finally the sedimentation of an argillite bed.

This very fine pelitic material indicates a zone far from the shore or a

shallow.

Associated with this argillite, there are beds of dolomite (dolomitised

limestone ?) whose thickness and facies are variable ( massive,

brecciated etc. ), and could be recifal-like.
. .

All the rocks formed during the described period are forming an unit

called Lower Raipas Subgroup, and are 1 to 2 km thick.

Later - and we cannot state if there is an "erosional unconformity" or

not - the sedimentation is building a thick sandstone of about 1 km thick.

This could be, as we think, a kind of "molassic bassin". A pure quartzite

layer has been deposited on the top of this sandstone, containing some

jaspis grains, on which lies a pile of alternating dolomite and sandstone/

argillite. These rocks are forming an unit called Upper Raipas Subgroup.

The Raipas group as a whole was folded a first time. The folding was of

isoclinal type, with thrust faults, "Schuppen", monoclinals etc. so that

in one localiti it is possible to see ultrabasie r ocks from the underlaying

upper mantle (of the earth).
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lo.rp -tant fe.alts are running thr:nigh both basement + autoehtiLm)us

tdiuII )chth-m+us. idey havt probabl) been mahe at the ead of the

, gun (readjustings), maybe later.

emersion phase, erosi m and peneplaliation succeeded ti) the building-up

oi the Caledonides, revealing some preeambrian zones: the preeambrian

wine ( ,ve shall mention that in some cases where observed a


tectonie limit: fault).
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10.2. MAPS AND AIR PHOTOS

10.2.1. Ma s NGO (Nor es eo rafiske o m?din )


Mapsheet 1/50.000 Series M 711

Edition 2 - NOR

Sheet 1734 I Kvaenangen

Sheet 1834 IV Flintfjellet

Sheet 1834 I Alta

10. 2. 2. Air otos used : Fjellanger Widercle A/S

Flight 490 J 24 - J 28• K 46 - K 53

•

Flight 2025


Flight 1800

C 1 - C 4

1 - D 11

E 1 - E 12

F 1 - F 12

1 - G 14

1 - H 14

J 1 - J 11

2 - K 10

J 1 - 8

1 - 8

L 1 - 9



10. 2. EQUIPMENT 


10.3.1. Office work and drawl

Mirror/ stereoscop (Tcpcpn)

Iron plate + magnets for dito

Office lamp

Kodatrace (acetate sheets) for air photo

Rapidograph 0. 2 0. 4 0. 6 0. 8mm + ink and cleaning liquid

A pair of compasses

Graduated rule (30 - 40 cm)

Pencils• Colour pencils

Magic Markers (different coloura) to colour the map

Soft rubber

Transparent tape

MaskIng tape (pressure sensitive tape)

Tracing paper -->-2 80 gr/m2

Paper A 4, white and squared

Cover C 5 and C 6

Fixed punch ( DIN standard size)

Sorter A 4 with dividing sheets

Stapler and staples

•
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"flucksask"
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Safett

lares set
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first aid

safet. (-fpnee ulatei-acet

Yamping arri Sernoun(2

persnn -.flaterpr ,af rr )untain tent i,une for
ei(sn'

Kitchen tent ( trur
".• Llpr;C=. " )bbeltH

Isolating i-nattingf v arrne rnadrii.s».) x x

Slee.pihg i..ag -:'r •t x x

Butan :.-t.,ve (i'riir •s) 't burners
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Set of pans

Spoon, fork, knife, plate, cup x x

I3ucket 10 1 with cover

Kitbags (seaman-bag) for all the camping
equipment

Butan lamp (Primus) + reserve of burning
elements

Rubber torch x x

Repair kit for tents: roll of "Norges plaster"
string etc.

Plastic sheet approx. 2 x 3 m

Mobiltelefon

Walkie-talkie when the assistant is a geologist too

•

•
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Vulkansk i Kvænangen

I.is/.40:?f:,4
s•

.,j r 

<* it11.11

..:44% 
! 4.
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411

-7* tie 4
f% ••••/t.4

le
•

441:.14:.4 •
.• 19.

Men hyr

sltk at i.bkr tbt- ber

litorningeo. det

nuk svg glor,

sloone katt le-Mys
smt. ker the ot
stil slirn irgpl t,. dyne lvt,

te•g nty s     st ,dent tte s st

nytt,,,b og Hir drr, ed

:erne, g Jen for Hin er

ferd:g Vor snukke     
fjell kld!re

Geolog Andre Gautler og stu-
dent Arnfinn Johan•en satte
medarheider på kondisjonsprose
sed å klatre opp til dette os rr-

henget. for å fram et eksern-




pel på ts pisk ulkansk aske.IPutr-

las aen lå utenfor sår rekkevidde

den dagen.

— Av I3Jorn Aage Krane —

Han si, lite om hva som kunne

tenkes å finnes av mineralfore-
komster i fjellet, den sveRsIske
geologen André Gautler som I

sommer har foretatt geologisk

kartlegging av fjellene ovenfor
Burfjord på oppdrag av Sull-
tjelma Gruher. Med seg i sommer

har han hatt geologistudent Arn-
fInn Johansen fra øksfjordhotn.

Derimot er han mer enn villig

til å fortelle at de har funnet ut at
fjellet Middavarre for en stor del
består a lava som er dannet un•
der havosertlaten for minst 1,4
milliarder år siden. I Preram.
brIum, om det har interesse, og
las aen kalles putelasa på grunn
av sin karakteristiske form.

Men det som mer interes-

serer folk og mvndigheter i Ksa-n
angen. er om de finner minera-

ler det kan bli gruvedrift av.
Det kan jeg ikke ssare på,

sler Gautier og ser opp over kaffe-
koppen på Kaasen Gård pensjo-

nat i Burfjorddalen. Jeg har taus-

hetsplikt — skrevet under
rIng, så nnin munn er lukket. Men

Jeg håper det ikke hlir.

ØKOLOGISKE


KONSEKVENSER
1-Ivordan det?
Jeg kommer fra et industri-

alisert land, og har sett de oko-

logiske konsekvenser gruvedrIft

har l:lempene er store, spesielt
i arktisk klima, der gjenveksten

er langsom. Men hvis jeg finner

noe, må jeg selvsagt rapportere

det til nune oppdragsgivere.

imsforstå meg ikke

Gautier har mange somre

bak seg i Nord-Norge. Området
han  trbeider tned kartlegging
regner han som spesielt interes.

sant. Itet kalles Alta-livamangen

vmduet. Forsto vi ham rett, betyr

det itt man her finner atskillig

eldry fjell enn i området omkring
Men geologi er ikke vår sterkesty

side, selv otn Gautter og Johansen

gjorde en stor mnsats for å opp 

lyse ets
forovrig ta med at Gau-

tier nettopp i sommer i ferd

med 0 ta sin doktorgrad i geologi
p;len avhandling nettopp om Alta-

Kværtangen-vinduet.

INGEN FARE
Når dere tmer lava. betyr

det altsa at Kvamangen ligger pa

volkan Nnr kan vf vente

hrudd”
Ingen s'anst-r ak de

roligste verden l'thrud

dene her sktedde ved at ,tv,tert

strommet ut g».nnom store sprek

kyr i ftellet ug flet er fngen s:anse
for gientake.se

Gautter ster at det er gede mu

ifgheter far santle stem ug mme

raler sa :agt han

ktenner Mrhaatene Isafttarbefd

med . Burf»-rd bar nin

,aget en 	 me med 4 - 5 mine

funnyt i Hmftord-ornradet

skal monteres shk at mån kan se

hvilken type de forskJelbge er og

hvor de er funnyt
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GEOLOGICAL  MAP


Scale 1/50000

see report :
Alta-Kvaenangen window

tectonic map,
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	 see report : Flintf'ellet 1834 IV
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Field work :

BASEMENT

Upper Raipas subgroup (stratigraphic order)

Luovusvarri formation

Individual dolomite 1ayers showing

structural trend

181 Summer 1974 & 1975
Ig o .et C,73 Dr.Andre-M. Gautier


Dept. of.mineralogy
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Basaltic tuff and tuffite grading to tuffogenic sediments
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Geochronolo of the Alta - Kvaenan en Window rocks

(northern Norway).

André GAUTIER, Fazil GULACAR and Michel DELALOYE,

Mineralogy Department, University of Geneva, Switzerland.

RESUME


Une approche Teochronom6trique par la méthode K-Ar a été

tentée sur les roches vertes de la fenêtre tectonique d'Alta-

Kvaenangen en Norvåge septentrionale. C.esroches ont livré

des åges minimum compris entre 1400 et 1500 m.a. confirmant

l'åge Précambrien de ces séries onhiolitiques.

1. TNm-onnurrmToN

Precambrian terranes of Northern Norway are not well known

particularly from the geochronological point of view. Many

factors contribute to this fact. Among them, the lack of

fossiliferous fonnations and an uncomplete knowledge of the

geological evolution can be pointed out.

The mapping of the area known as the Alta-Kvaenangen

Window (Zwaan et al. 1973; Gautier 1977) has been carried out

by one of us (A.G.) during four sommers from 1971 to 1975.

In the same time, samples of pillow lavas and metadiabases

have been collected to be dated by radiometric methods. We

present here the results of this work.

2. GEOLOGICAL SETTING

The geological frame of the Alta-Kvaenangen Window is the

following:
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a Precambrian basement,the Raipas Group, with an overlaying

sedimentary Eo-Cambrian cover, the Bossekop and Borras

Groups, occur in a window below the Caldeonide nappes.

The Raipas Group is 2000 to 2500 meters thick and can be

divided in two sub-groups: the Lower and Upper Raipas

(Holtedahl et al., 1960). The Lower Raipas Group shows in-

trusive as well as ocean floor-type metavolcanic rocks of

basaltic composition with a spilitic trend. They are inter-

bedded with tuffs, clays and dolomites. Locally ultramafic

bodies have been incorporated tectonically to this assemblage

which is metamorphosed in the greenschist facies.

The Upper Raipas Group consists of the Skoadduvarri sand-

stones and the Luovusvarri sandstones and dolomites

(Gautier 1977 and unpublished data).

As fossils are absent, the stratigraphic and tectonic relations

between the different formations described above have been

established in using the polarity criteria of pillow lavas

and of sedimentary structures such as ripple-marks, gradded

bedding, etc.

On a general point of view, the tectonic style of the area

is characterized by large isoclinal foldings and of thrust

sheets. Major vertical faults cut across the whole window.

The Bossekop and Borras Groups of the overlying cover

(Føyn, 1964) are composed mainly of quartzites, schists and

tillites,

The Caledonide nappes of Norway rest over this basement

and its cover.

3, TYPES OF ROCKS USED FOR DATING

Radiometric dating by the Potassium-Argon method has been

carried out on three different types of ignous rocks from

the Lower Raipas Group: pillow lavas, fine grained metadia-
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bases and coarse grained metadiabases. The chemical compo-

sition of these rocks is given in table 1.

3.1. Pillow lavas

Field evidence shows bona fide pillow lavas which are not

or only slightly deformed. Their typical texture is well

recognizable; a rim of chloritic material followed by a thin

variolitic shect and an important amygdulitic zone of inter-

sertal structure are typical. Plagioclase has an acicular

habit and the matrix is made mostly of actinolite and chlorite.

Chlorite is less aboundant toward the center of the pillows

where cpidote and leucoxene are also pesent.

3.2. Metadiabases

The structure of these rocks is ophitic or intersertal

but is usually erated by the secondary development of meta-

morphic minerals.

The major mineral assemblages observed are the following:

albite - augite - epidote - chlorite leucoxene ± actinolite


± biotite.

albite - ouralite - leucoxene ± hornblende

albite - actinolite - epidote - leucoxene ± chlorite.

It is evident from petrographic studies that the fine grained

diabases were more affected by the metamorphism than the

coarse grained rocks. Primary minerals like augite are found

only in coarse grained samples.

3.3. Tuffs

Tuffs having the same bulk composition than the diabases

are common in the Window. These rocks have a relatively high

specific gravity (2.86 to 2.94) but show clearly cross

beddings and other sedimentary features.
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4. EXPERIMENTAL PROCEDURES

4.1. Potassium-Argon method

Radiometric dating using the K-Ar method has been used

extensively in this study.

Potassium has been determined by flame photometry or by

X-Ray fluorescence spectrometry, while argon composition

has been measured by isotopic dilution using an AEI MS10

mass spectrometer. The 38Ar spike is from Schumacher, Bern
-1

(purity 99.99%). The decay constant used is = 5.544.10-10 v

Analytical procedure as well as statistical data on error

calculations are described in Delaloye et al. 1974.

Potassium content of rocks with less than 0.1% K20 has

been measured by isotopic dilution on a mass spectrometer.

This procedure increases the accuracy so that the ages ob-

tained of these rocks have also a significance.

The spike used in this technique is prepared with enrichcd

KC1 (39K = 61.10%, "K = 35.71%, 411<= 3.18%) from Oak Ridge

Laboratories. 100 to 300 mg of rock is digested by 1 ml HC104

conc. and 3 ml HF 40% in a Teflon bomb during 24 hours at

110°C. A known weight of spike is added before the acid

attack. The ratio weight of sample versus weight of spike is

calculated in order to have on the mass spectrometer a ratio
40K/41K close to one.

The isotopic analysis is carried out on an Atlas-Bremen

CH4 mass spectrometer. A tantalum thermoionisation filament

is used. The isotopic ratios of K are measured for 6 different

temperatures of the filament. At each temperature 10 swipes

are registred. The accuracy on the K content varies between

0.3 and 0.6%. The blank of the overall procedure gives a K

content of 0.288 w g.



- 5 -

4.2. Rubidium - Strontium Method

An assay has becn made with this method on the same samples

used for the K-Ar age doterminations. The rubidium concen-

tration was very low (< 2 ppm) on all measured sambles from

this area and while on the contrary the strontium content was

relatively high (> 100 ppm). This unfavourable ratio in-

troduces an analytical error which is very large, so we cannot

attribute much significance ot the Rb-Sr calculated ages.

5. DISCUSSION OF THE RESULTS

The rocks of the Alta-Kvaenancen Window have low potassium

concentrations which strongly limit the choice of the samples

for K-Ar dating purposes. It was also impossible to carry

out minural separations because of the ophitic texture:

metamorphic minerals arc inclosed within primary minerals.

Consequently only whole rocks have been analysed.

5.1. Pillow Lavas

Radiometric ages obtained for the lavas (Table 2) are

spread over a very large period of time. The explanation has

to be found in the various stages of alteration which must

have caused possible loss of argon in variable amounts. The

alteration is visible under the microscope. Some kind of a

plateau at 1200 m.y. as it is shown in Fig. 1. points pro-

bably toward a maximum apparent age for the pillow lavas as

the samples no KA-820 to KA-823 are less altered than the

others.

5.2. Fine grained metadiabases

Except for the samples no KA-579 (2509 m.y.) and no KA-748

(1947 m.y.), the ages of the fine grained metadiabases are

grouped between 640 and 840 m.y.. It is possible that these

diabases were rejuvenated under the green-schist facies

metamorphic conditions. It seems that the loss of radiogenic

argon has been more or less homogeneous for most of the dif-
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ferent outcrops of fine-grained diabases. Sample no KA-579

seems to us to be without any statistical significance.

Sample no KA-748 comes from a typical columnar basalt flow

from ?4iddavarre.Its granulometry is intermudiate between

coarse and fine-grained diabase. In the coarse-grained group,

the 1900 m.y. age obtained on this flow would fit better

with other samples, particularly no KA-749.

5.3. Coarse-grained metadiabases

It seems clear, as shown by the petrographic observations

that the coarse grained diabases are less altered than the

other rock-tynes. They show a cluster of ages betweeh 1300

and 1500 m.y. in spite of the fact that they have also under-

gone a certain metamorphism. As pointed out above, the age

of about 1990 m.y. appears twice. This suggest that 2000

m.y. is the true age of these formations but we have no other

evidence to verify this hypothesis.

6. CONCLUSIONS

Field evidence shows that coarse grained diabases are

interbedded with pillow lavas, tuffs and also fine grained

metadiabases. Consequently these rocks must have approxima-

tely the same age. From the table 2, we see that the coarse

grained diabases yieldsthe oldest ages. A possible expla-

nation of our results is that the pillow lavas and the fine

grained metadiabases were strongly rejuvenated by the green-

schist facies metamorphism. The coarse grained diabases in

contrast, resisted better to the same metamorphism lossing

much less radiogenic argon.

As a general conclusion, it is possible to say that the

ignous rocks of the Alta-Kvaenangen Window have a minimum

age of 1400 to 1500 m.y. so that they are probably of Middle

Proterozoic age. A formation age of 1800 to 2000 m.y. ac-

cording to some of our data is also probable.
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Table 1. Chemical anal ses of datellsamoles

KA

SiO2

Ti02

Al203

Fe203

Re0

Mn0


Mg0

Ca0

Na20

K20

P205

1120+

CO2

SOMME

573

52.33

1.13

12.45

4.30

9.48

0.23

6.64

6.87

4.32

0.03

0.09

3.10

0.05

101.02

576

42.37

2.14

14.18

6.20

14.03

0.50

7.05

5.36

3.25

0.01

0.18

6.12

0.32

101.71

583820

PILLOW

48.92

0.96

11.96

2.55

9.97

0.19

9.82

9.32

2.23

0.15 0.01

0.14

3.25

0.39

99.71

821

LAVA

49.48

0.95

11.94

2.40

9.81

0.19

9.61

8.50

2.72

0.01

0.15

3.25

0.51

99.52

822

45.93

1.03

14.19

2.92

10.64

0.26

9.81

8.89

1.60

0.06

0.17

3.83

0.21

99.54

823

46.79

0.97

12.51

3.08

11.00

0.28

10.63

9.23

0.90

0.03

0.17

3.57

0.21

99.37

560572575579580

FINEGRAINEDMETADIABASES

	

50.4550.3149.8147.97

	

1.241.281.341.54

	

11.3013.1813.0113.84

	

3.054.213.706.09

	

7.258.229.418.33

	

0.140.190.200.23

	

5.896.388.056.72

	

10.3011.169.308.23

	

1.862.182.013.31

	

0.170.170.760.021.38

	

0.100.130.130.13

	

3.712.963.573.96

	

3.500.210.000.08

	

99.05100.58101.29100.45



KA

SI02

Ti02

Al203

Fe203

Fe0

Mn0

Mg0

Ca0

Na20

K20

P205

1120+

CO2

SOMME

581

FINE

0.70

744748

GRAINEDM.

	

46.6047.33

	

1.471.05

	

14.1812.43

	

3.422.50

	

11.517.95

	

0.220.22

	

6.8413.19

	

8.2413.37

	

3.800.16

	

0.370.10

	

0.190.16

	

3.631.62

	

0.190.46

	

100.66100.54

559

48.83

1.31

13.74

3.56

8.99

0.20

6.97

10.89

2.11

0.61

0.12

3.27

0.00

100.60

574578582

COARSEGRAINED

	

48.5249.7e

	

2.091.81

	

11.5211.83

	

5.0911.18

	

11.206.86

	

0.220.11

	

5.286.18

	

10.594.49

	

1.574.91

	

0.06 1.150.32

	

0.190.17

	

3.682.08

	

0.170.16

100.18 100.66

743745

METADIABASES

	

49.1147.11

	

0.951.40

	

13.3913.66

	

3.133.79

	

11.3911.66

	

0.290.28

	

6.026.43

	

8.9210.35

	

2.772.26

	

0.400.10

	

0.180.16

	

2.432.15

	

0.230.29

	

99.2199.64

747

49.06

1.33

12.39

3.51

11.36

0.20

6.42

8.90

2.76

0.64

0.19

2.64

0.16

99.56

749

49.14

1.08

14.04

3.30

9.77

0.22

6.82

10.11

2.13

0.11

0.13

2.60

0.10

99.55

746

TUFF

45.69

1.15

13.75

4.54

9.22

0.18

5.03

11.34

2.52

0.13

0.15

3.54

2.97

100.21



Table 2. Potassi=-Argon Pgta and

%K1)% Ar40
rad

0.039964.1

0.057881.3

0.130887.9

0.0580 77.8

0.0874 85.0

0.2000 90.6

0.1270 89.8

0.1489.9

0.1892.8

0.6995.2

0.069092.8

1.1596.3

0.585395.6

0.345294.9

0.086094.6

0.5697.0

0.105978.3

0.9699.9

0.274888.2

0.335184.0

0.109196.5

0.540592.5

0.114996.0

0.1629i 93.6

No Rock type/location

Pillow lava

	

KA-573 EC 661595

	

576 EC 796581

	

583 EC 797622

	

820 rim -:
L EC 462531

	

821 corej

	

822 rim -!
. EC 342541

	

823 core i

Fine crainecl :gatadiabases

	

KA-560 EC 813598

	

572 EC 708616

	

575 EC 778581

	

579 EC 712622

	

580 EC 736690

	

581 EC 791705

	

744 EC 435550

	

748 2) EC 461540

Coarse crained retadiabases

	

KA-559 EC 792600

	

574 EC 797647

	

578 EC 776602

	

582 EC 776605

	

743 EC 401542

	

745 EC 342552

	

747 EC 409581

	

749 EC 334602

Tuff

	

KA-746 1 EC 464533 1

Ar40,
rac

moles/g

0.501(10-10
-10

0.186.10

0.259.10-9

0.183.10-9

0.214.10-9

0.470.10-9

0.268.10-9

Age (m.y.)

600 ± 80

	

172 r12

	

872 t61

	

1257 ±58

1043 ± 81

1011 t 38

930 ± 38

	

0.196.10-91641 t22

0.320.10-9 801 t55

	

0.115.10-8761 t78

2509 ± 1280.645.10-9

0.181•10-8 737 t33

0.110.10-8 840 t38

0.481.10-9 664 t23

	

0.522.10-9194771

0.917.10-9

0.427.10-9

0.376.10-s

0.106.10-8

0.114.10-3

0.457.10-9

0.178.10-8

0.724-10-9

746 t 77

1488 ± 170

1457 t 70

1444 103

1324 t 141

1533 ± 52

1297 ± 44

1990 t 71

1 0.444-10
-9 I

1130 ± 40 I

K values with 4 digits were determined by isotopic diluticn and values with

2 digits by flame photcmetry.

Columnar basalt of Middavarre.
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