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Abstract.

The report is based on four summers (1956-59) of field work in an
area of approximately 860 km2. The area is located in western Finn
mark, northern Norway, between 70° 10' and 70° 31' N latitude and
12° 40' and 13° 50' E Oslo longitude (Oslo meridian is 10° 43' 23" E
Greenwich meridian).

The purpose of the investigation was to study the rocks within a
hitherto mainly unexamined area of Precambrian rocks surrounded by
Caledonian rocks. Portions of the area near the sea had been visited
by a few geologists prior to the initiation of tniB investigation. It was
therefore quite certain that the rocks were Precambrian in age and
constituted a window in the Caledonides, but the size of the window
was unknown nor had most of the window been studied geologically.

This report establishes tne Precambrian age of the rocks and deline
ates the boundaries of the window. The Precambrian rocks along the
western coast of Finnmark were previously called the Raipas forma
tion and known to outcrop in (at least) two windows. As this report
differentiates seven formations which constitute two groups within
the Komagfjord (the northermost) tectonic window, it is proposed
that the Precambrian rocks of the two windows be known as the Kai
pas suite.

Lvickenoe ok at leaBt tv^o perio6B ot cketorrnation ok tne ?recaindrian
roc1(8 ok tne X^ornaZkjorck tectonic win6ow i8preBente6. Inc later 6e
korrnation, in conjunction witn tne dale6onian oroZen^, i8rnoBt in
tenBe in tne nortn-weBtern part ok tne area. eariier precarndrian
(?) 6etorlnation i8cleari^ 6ernonBtradle in tne eaBtern part ok tne area.
Inc latter i 8correiateck witn tne Xareiian 6ekolination ok tne ?re
caindrian roc:!(8 ok tne interior ok I^innrnarlc an6nortnern I^inlan6.

Inc inetainorpnic Zra6e ok rnoBt ok tne area i8tnat ok tne Zreen-
BcniBt kacieB. to tne claBBincationB ok Lartn (1952) an6Kain-
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berg (1952) the high greenschist and low epidote amphibolite facies
are represented. According to Turner (1958) the greenschist and al
mandine amphibolite facies are represented. The characteristic assem
blages are of tne 1) staurolite-quartz subfacies of the almandine amphi
bolite facies, and 2) the quartz-albite-epidote-biotite and 3) the quartz
albite-muscovite-chlorite subfacies of the greenschist facies. Intrusive
rocks have mostly been retrograded to facies comparable to the sur
rounding rocks.

Copper-bearing sulphide mineralization within the area can be
classified into two morphological and paragenetic types. Quite com
mon are vein-type 6epoBitB, UBuallv c^uite small, of the "pvritic para
genesis" (Vokes, 1957). The "copper paragenesis" (Vokes, 1957) is
known only from one area of disseminated mineralization in arkosic
Ban6Btone at Ulveryggen. It is oonclu6e6 tnat tkere is no available
evi6ence vvnicn woul6 lea6 one to pre6ict tnat tne vein-type deposits
will support economically profitable exploitation now or in the forsee
able future. Specifically, it is believed that the veins will not become
larZer, ricner, or more kresent witn 6eptn råtner just the reverse.
The disseminated mineralization of the "copper paragenesis" at Ulve
ryggen might de able to support small scale, selective mining at pre
sent. It is as yet unknown whether large scale mining would pay.

I.ilnite6 Zeocnernical prozpectinZ BUZZeBtB tne poBBidilitv ot a8vet
unlcnoxvn ininerali^ation(B) ok tne 6iBBerninate6 type an6in6icateB tnat
a reiativeiv rapi6, inexpenBive "Btrearn Be6irnent inetnod" i8capadie
ok 6etectinZ tniB Bort ok inineraii^ation in tniB I(in6 ok larZeiv darren
terrian.



INTRODUCTION

Location of the area investigated.

The Komagfjord tectonic window is situated in the fylke (= county)
of Finnmark, tne northernmost/^/^ of Norway. It is between 70° 10'
and 70° 31' N latitude and 12° 40' and 13° 50' E Oslo longitude (the
Oslo meridian is 10° 43' 23" E Greenwich meridian). It covers parts
of four map sheets: Hammerfest, U.3; Repparfjord, V.3; Komag
fjord, U.4; and Stabbursdalen, V.4. The nearest city is Hammerfest
on the island Kvaløya, to the northwest. The location of the area in
relation to the Fenno-scandian peninsula is shown in Fig. 1.

Habitation and
communications.

Permanent habitation is
confined almost entirely to
the coastline. Summer cabins
are located along the ex
cellent salmon fishing river
Repparfjordelven. The larg
est viiiaZe is Kvalsund which
conBiBtB of about 75 houses.

Inc main occupationB in
tne area are Brnall-noldinZ,
witn a kew cattie and Bneep,
and tiBninB. Ike main cropB
Zrown on tne Binall karrnB
are potatoeB and nav.

DurinZ tne BUininer
inontnB tne nornadic LappB
(Barne spronounced Bk'rne^

Fig. 1. Map showing location of the Komagfjord
tectonic window.
Kart som viser beliggenheten av Komagfjord om
rådet.
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28 tnev caii tnernBelveB an6preker to de calleck) kollow tneir reinckeer
to tne coaBtal 6iBtrictB an6live in Buirirner encamprnentB. Inere are
tnree ok tneBe xvitliin or near tne area ; orie 18 at Bkai6i, one at VuZZeneB
tjern, an6one near Huievann.

Communication in the area is dv the rnain roa6 in nortnern Nor
way {Riksvei 50) which follows verv close to the whole southeastern
boundary of tne area, and by Riksvei (= highway) 910, which runs
from the junction with Riksvei 50 at Skaidi to Hammerfest, following
Repparfjordelven and Repparfjord to Kvalsund, and continuing on
Kvaløya after a terrv acroBB the Boun6 Kvalsund. A small side roa6
connects Kvalsund to Neverfjord. The remainder of the coaBtal 6iBt
rict has no road connection (though tniB i8 pianneck for the kuture),
but small coastal steamers call at Neverfjord, Porsa, 1. I^elliBtjol6,
st. I.erliBkjor6, kolnaZijor^, and Korsfjord, connectinZ tneBe areaB
>vitn Hammerfest, Alta, and tne islands Seiland, Btjernsv, and Bsrsv.

During the winter the roads are not all kept open, but then the
coaBtal steamer alBo caliB at Kvalsund and at Repparfjord c^uav.

Inc interior partB ok tne rnap area are acceBBidle onlv on koot.

Physical features.

ok tne area lieB adove tne tirnder line, tnuB expoBureB ok tns
de6roclc are Zenerallv verv excellent. dloBe to tne coaBt tliere i8Zene
raliv a kairlv Bteep Blope wnicn i8UBuallv woockeck until reacninZ tne
Binall karmB alonZ tne coaBt. tne cnaracteriBtic coaBtal Blope i8
nillv countrv—quite intricatelv 6iBBecte6, vounZ topoZrapnv. Inc niZn
eBt niliB (inaxirnuln eievation i8718 ni a. 8.1.) are near tne coaBt in tne
nortnern part ok tne area (expianation, Bee p. 11). Binall doZB are coni
rnon tnrouZnout tne region, tne larZeBt occurrinZ in tne Boutnern part
vvnere tne reiiek i8rnoBt Zentie.

Binall lalceB, a8can de Been krom tne rnap, ?late I, are extrerneiv
numerouB. In tneBe an6in tne BtreaniB connectinZ tnein exoeiient trout
are adun6ant.

>Vil6aniinaiB, otner tnan dir6B, are uncoininon, onlv koxeB an6KareB
navinZ deen odBerve6 dv me 6urinZ kour BurninerB in tne area. Ins
dir6like iB, novvever, varie6 an6adun6ant.

Inc averaZe temperawreß are: det^veen —7°d an6— 1°(^;
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detween — I°l2 and s°<^; sulv, detween 10°<^ and 16°(^; and
Octoder, detween — I°(^ and s°<^. Ins vearlv averaZe 18 4-1.5"(^.
DurinZ tlie montliß ok sulv and tne temperature ranZe 18 ÜBU
all^ detween s°(^ and 30° c.

The precipitation averages are: January, 25-50 mm; April, 25-50
mm; July 35-60 mm; October, 50-100 mm; and the animal average
is 676 mm. The amount of summer rainfall during the kour 5e16 Bea
80N8 has deen kiZKI^ variable.

Because of winter snow geological field work, except below about
200 m a.5.1., can hardly be begun before the middle of June. The
pliotoZrapQ) Fig. 2, was tåken July 9th, 1957, and shows that a con
siderable amount of snow still remains. The time of the first covering
snowfall of the autumn is variable; in 1956 field work was stopped
on September 20th because of new snow which covered the ground
down to sea level.

There is a two month period during which the sun is above the hori
zon 24 hours a day. For tniB reason the nopB which are grown mature
very rapidly. However, only during very exceptional summers could
grains be ripened.

The characteristic keawre of the vegetation ok the area is the absence
of coniferous trees, though pine does occur a little further south (ca.
70° 0' N) near Alta. The most luxuriant vegetation in tne region bord
ers the coaBt. Uere Hetu/a ock^aia (dircn) is the dominant tree with
occasionally Sorbus aucuparia (rowan). There is a distinct lack of older
trees in this belt, many of the trees being superficially even-aged. Below
the tree cover tnere is a luxuriant vegetation dominated by Vaccinium
myrtillus (bilberry or whortleberry) and Empetrum hermaphroditum.

LxpoBure i8prodadiv tne ZreateBt BinZle tactor limitinZ tne veZeta
tion. Inc treeB tonn a narroxv delt around tne coaBt and up tne val
levB, dut tne assect ok expoBure waB verv clearlv demonBtrated at Lat
daiBelven wnere at adout 200 m all tne treeB over adout t>vo meterB

niZn liad tlieir topB billed. Ilie niZneBt treeB xvere tound at 430 m, dut
tnev >vere BinZle, apparentlv vounZ BpecimenB ZrowinZ in tne Bnelter ok
a clit? kace.

Vegetation (by W. Stuart Watt).
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Salix spp. (willow) are of wide distribution, occurring mainly along
water courses on the sheltered sides of the lower valleys forming a low
Bcrud laver. In >veBtward draininZ vallevB Juniperus communis has been
observed as a frequent constituent of this low scrub laver.

Salix ne^bacea (dwark xviilow) is locally particularly worthy of men
tion. It forms a mat over the ground where snow has lam quite late
into the summer and is the only higher plant in this habitat.

Throughout many of the valleys Vaccinium myrtillus and Empetrum
hermaphroditum are co-dominant with abundant Vaccinium vitis-idaea
(red whortleberry, cowberry), Phyllodoce coerulea, and occasionally
Vaccinium uliginosum (bog whortleberry). Calluna vulgaris (heather)
has been seen in the valley above Porsa, associated with Arctostaphylos
alpina (black bearberry), where ericaceous plants were particularly
luxuriant.

Heitt/a «ana (6xvark dircn) i8relative!^ tolerant ok expoBure an6oc
curB on tne niZner BlopeB xvtienever tliere i 8Buktic:ient 6eptli ok Boil,
80inetime8 ZrowinZ ver^ 6enBel)^.

Other plants that are locally important include Viscaria alpina which
occulB on extenBive areaB of ultradaBic intruBiveB and is locally very
abundant in tne area of Ulveryggen where there is disseminated cop
per mineralization in the Steinfjell arkosic sandstone. Dryas octope
tala, a calcicolous plant, has been found over areas of greenstone and
greenschist, carbonate rocks, and quartzite. Rubus chamaemorus (cloud
berry) is in some areas quite abundant and Polygonum viviparum was
found on most of the flat ground of the higher valleys. Large silver
gray lichens (so-called reindeer-moss) are everywhere conspicuous.

Inc amount ok veZetation cover varieB enormouBiv. XVnen leaBt, out
cropB ok dedroclc are virtuaiiv continuouB (Bee pnoto, k^iZ. 3). "l"ne larg
eBt continuoUBiv covereck areaB are in tne doZZv reZion near VuZZeneB
tjern in tne BoutneaBt. Lven in tne tree covered xone dordering tne
coaBt tne outoropB are UBuallv Zood. In Zenerai, tne veZetation cover
decreaBeB witn altitude.

General geology.

"Nie X^omaZkjord tectonic windoxv i8an area ok krecamdrian roc1(8
Burrounded dv overtnrußt d!aledonideß. l^neße rockß are c1o8e!v reiated

to tne rocl(8 ok tne >^Ita-I^vXnanZen tectonic xvindoxv to tne Boutn (Bee
Noltedani, 1918; 1915; (-eukenß and 1958, 1960;
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Reitan, 1960), the rocks of tne t>vo windows cornprißinZ the li.aipaß
suite. * >Vitnin the X^ornaZkiorck >vin6ow two Zroupß have doen 6itter
entiateck, the kepparkjor^ Zroup and the Saltvann Zroup. The age re
lationship between the two groups is uncertain, though it is believed
that the Saltvann group is either younger than or equivalent to the
upper part of the Repparfjord group. Later intrusives have intruded
both groups. These are probably also of Precambrian age; they are at
any rate pre-Caledonian.

In driek, the KaipaB suite in the KornaZtjol6 tectonic win6oxv in
cludes the following rocks. The lowest formation in the Repparfjord
group is the Holmvann formation. The formation consists of a series
of mostly rather dark greenish or grayish supracrustal, rocks both of
volcanic and ordinary sedimentary origin. Carbonate rocks and quartz
ite are interlayered with the greenstones and greenschists in the north
ern part of the area. There is probably an erosional unconformity
between the Holmvann formation and the overlying formations. In
the northeast, east, and southeast the Doggeelv formation, a mostly
råtner pure quartzite, overlies the Holmvann formation. Above the
Doggeelv formation tollove the Lomvann formation. It is a slate; in
the northeast it is sandy with a gradational contact downwards while
in the east and southeast it is finer-grained and has a sharp contact
against the underlying quartzite. Along this contact a thin zone of
conglomerate can sometimes de found. In the north near Kvalsund
the Kvalsund formation, a very dark carbonaceous slate, directly over
lies the Holmvann formation.

saltvann Zroup conBiBtB ot, lo>velrnoBt, tne Bteinkiell korination,
an aricoBic Ban6Btone witn nurnerouz intrakorrnationai conZlornerateB,
xvnicn Zra6eB upwarck into tne vjupeiv korination, a BtronZlv cornpreB-
Be6 conZiornerate conBiBtinZ rnainiv ok ZreenBtone an6 ZreeriBcniBt ped
dleB an6 coddleB witn a littie coarBe Ban6v rnatrix. I^lpperrnoBt i8 tns
I^iBl(evann korination, a conZiorneratic aricoBic Ban6Btone in wnicn ped
dleB ok a purpie inicroporpnvrv are eBpeciallv cnaracteriBtic.

* Previously referred to as the Raipas formation. As formations and groups are, on
the basis of tkiB paper, now 6issei-entiatecl vvitkin >vkat has kerotolore coilectivel^ dsen
called Raipas formation, the nåme Raipas suite is proposed for all of the rocks of the
two tectonic windows along the coast of northern Troms and western Finnmark. (See
Anonymous, 1961, for code of stratigraphical nomenclature for Norway.)

The nåme Raipas is from the mountain called Unne (= I^ittle) Raipas at Alta and waB
propoBe6 by T. vanil.
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(Foto, B.E.Borgen).

Fig. 2. kkotosrapk tåken towai-68 BoutkeaBt from atop BkinnfjeU (718 m a. 8. 1.) showing
general uniformity of maximum elevations throughout much of the area. (Photo, B. E.

LorZen).
Mot sydøst fra Skinnfjell (718 m.0.h.). Viser like høyder på toppene over en stor del av

området.

Fig. 3. Photograph across Bollevannene (F4) showing the exellence of outcrops at higher
elevations (Photo, B. E. Borgen).

Bilde fra Bollevannene (F4) som viser snaufjell i de høyere delene av området.
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The topography is very young. As is seen in Figs. 2 and 3, the eleva
tions of tne hilltops are mostly quite uniform. "lniß is interpreted as
representing nearly the Precambrian peneplain which has doen intri
catei)" 6ißßecte6 tkouZK is as yet far from well-drained. The greatest
elevations of the Precambrian are found in the north near the coast,
at Skinnfjell (718 m) and Klakkeggen and Fisketind (both 695 m). It
is believed that due to steep angle tnrußtinZ associated witn the over
riding of the Caledonides these parts of the Precambrian rocks have
been elevated above the general level of the Precambrian peneplain.
The boundaries of the tectonic window are lower on all sides than the
interior parts of the window. This may be due to doming of the Pre
cambrian surface in conjunction with the Caledonian orogeny or due
to the pre-existence of an antiform which forced the Caledonian thrust
plates to bend upwards. In either case the impediment which the part
of tne antikorin to tne noltnweßt, i.e., 6irection from which tne dale
6onian tnrußtinZ caine, woul6 repreßent explainß tne kact tnat high
angle thrusting in tne Precambrian is most pronounced along the

Fig. 4. pkotoLi-apk at Porsa (D3) showing two clearly marked strand lines. The elevation
Ol tke killtop 15 267 in. 2. 8. 1.
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Noltnweßtern 20ne. Iniß part Berve6 28 a duttreßß wnick Bniel6e6 tne
rernain6er ok tne xvin6ow. In tne proceßß it xvaß BtronZlv 6ekorrne6 an6,
in a 86N86 carrie6 alonZ dv tne over-li6inZ rnaßßeß, Birnultaneoußiv over
ri6inZ tne otner ?recarndrian locl(8 to tne Boutlieaßt.

There is considerable evidence of ice activity during the most re
cent glaciation. "U" shaped valleys (e.g. Kvalsunddalen ; Repparfjord
dalen), glacial striae primarily indicative of movement towards the
northwest, and morains (very noticeable along the side of Repparfjord
and between Nagjetvann and Vuggenestjern) have been observed.
Glacial erratics also attest to ice movement towards the northwest. The
reader interested in the Quaternary geology of the area is referred to
Marthinussen (1961).

recent iBoBtatic uplikt i8in6icate6 dv Beveral Btran6 lineB,
txvo ok vvnicn are cleariv evickent in ?iZ. 4.

Previous work in the area.

ViBitB to partB ok tne K^oinaZkjor6 tectonic >vin6o>v nave deen rna6e
dv a kexv ZeoloZiBtB, tnouZn no atteinpt naB deen ina6e previouBiv to
eztadiizn >vitn certaintv tne lirnitB ok tne wincko^v or to make a BVBte

rnatic inveBtiZation ot tne tvpeB ok rock repreBente6 an6tneir 6iBtridu
tion an6Btructure tnrouZnout tne entire xvinckow. ?revioiiB to tniB in
veBtiZation rnoBt ot tne area na6not deen viBite6 dv a BeoloZiBt.

Vakll'B ZeoioZical inap ok nortnern I^lorxvav 6ate6 1866-1879 (in
KeuBcn et al., 1891) Bno>vB an area ot wnat ne caiieck tne BVBtern
near K^vaiBun6. «.euBcli («.euBc:n et al., 1891) reportB navinZ viBite6
K^vaiBun6 an6Zivez a driek 6eBcription ok tne roc1(8 detween X.vaiBun6
an6LeritB^or6.

In 1916 In. VoZt inappe6 a part ok tne area >vnicn lieB on tne Harn
inerkeBt, 11. 3, rnap Bneet. rnanuBcript copv ok niB inap i8to de kounck
in tne rnap arcniveB ok >lolZeB dseoloZiBlce I^n6elBe»l(eiBe.

«olte6anl (1918, p. 110) pudliBne6 a niap >vitn ZeoioZical odBerva
tionB alonZ tne coaBt troin X^olBkiol6 to Bt. I.elliBkior6 anck on niB inap
ok (1918, ?late XXI) BnowB, c^uite correctiv, tne doun6arieB
ok tne >vin6ow alonZ tne coaBt.

DurinZ tne vearB ne 6irecte6 tne rnininZ operationB at ?orBa rnineB,
kvaineirn niappe6 partB ok tne area detneen tne ?orBa
rnineB at (irudevann, an6?orBa.
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In 1951 Btran6 (1952) degan rnappinZ on tke V.3, rnap
Blieet, an6inclu6e6 rnoBt ot tne li.aipaB Buite >vnicn occulB on tnat rnap
Bneet.

Vol(e8 (1957) KaB Btu6ie6 tne tvpeB ot copper 8u156e paraZeneB6B
wiiicn occur witnin tne IsaipaB Buite.

Present investigation.

The present investigation began in the summer of 1956 at the sug
gestion of Sven Føyn, then director of Norges Geologiske Undersøkelse.
It is a part of the Geological Survey's contribution to the Govern
menfs "North Norway Plan", which provides for the investigation and
development of the economic potentialities of the northern part of the
country. In this connection the purpose of this investigation was to
acquire general geological knowledge of a heretofore essentially un
investigated area and thereby provide the necessary basis for any pos
sible future evaluation of resources and economic development within
this area.

Inc BuinlnerB ok 1956, 1957, 1958, an61959 nave deen 6evoted to
tne Kel6 xvork. ilie winter BeaBoNB nave deen HBed kor tne petloZrapnic
Btu6ieB an6map worlc, 6one prirnariiv at tne oknceB ok Qeolo-
ZiBlie at tne Qeo1oZi8l(-^vlinerai0Zi8l( IVluBeurn, 08io, an6
coinpieteck at Btankor6 I^nivelBitv, Btankor6, dalikornia, 11.8.^.

xvorlc rernainB to de 6one in tniB area an6in reiateck areaB

dekore a ckeknite Bolution can de oKere6 to tne prodleniB ok tne Btrati-
Zrapnv, eBpeciallv ok tne tloirnvann torrnation. LecaiiBe ok tne Bi^e ok
tne area an6tlie lirnite6 time avaiiadie it naB deen irnpoBBidle to at
tempt to Bolve Buen a prodiern. ilie roc1(8 are 6ark an6moBtlv BcniBt
08e an6krom even a Bnort 6iBtance are ok verv unikorrn appearance an6
tnere nave not deen koun6 ZOO6 rnar^er nori^onB. Inerekore, verv 6e
taile6 Btu6ieB woul6 nave to de rna6e to arrive at a kull un6erBtan6
ing ok tne BtratiZrapnv an6Btruoture ot tne Nolnivann korrnation. Inc
aim ok tniB inveBtiZation KaB tnerekore deen liniiteck to BolvinZ tne Ze
nerai BtratiZrapnic an6Btructural prodlernB and to Zive Boine i6ea ok
tne petrograpnical variationB xvnicii occur witnin tne variouB rnap
unitB.

"lne rnappinZ >vaß 6one nioßtlv on 1 : 50 000 enlarZernentß ok tne
kour 1 : 100 000 rnap Bneetß previoußiv rnentione6. ?or tne Boutnern
part ok tne area on tne slarnrnerteßt, 11.3 rnap Bneet, aerial pnotoßrapnß
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at ca. 1 : 20 000 of high quality were available. perial photographs of
the entire area are now available but were not available at the time
the mapping was done, with the exception noted above. The quality
of the Hammerfest, U.3, map Bneet is 80 poor tnat it could not be
used as a base map. Large areas of tnat map bear no relation to reality.
Therefore a drainage map has been made from a mosaic of aerial pho
tographs. The other three map sheets are ok variable quality but have
been used as the basis for the geological map, Plate I.
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Oslo, assisted me in the field and were responsible for taking the stream
sediment samples for the geochemical prospecting program which was
begun in cooperation with Statens råstofflaboratorium, Trondheim.

IteiZe Sien an6niB kamiiv, ok kepparkjora!, 6eBerve Bpecial tnan^B
kor tne Kin6 lioBpitalitv tnev Bnowe6 me an6mv aBBiBtantB on verv
numerouB occaBionB 6urinZ tne kour BummerB ok nel6 Work.

Or. Haral6 Ljorivlilce, preBent 6irectol ok <^eo1o8i8l(e Un
6elßskeiße, naß continueck tne intereßt Bno>vn dv niß pre6eceßßor in tniß
inveßtigation. Inc mapß an66rawinZß nave deen 6rakte6 dv La^ia
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Nergaard and Mr. Perfecto Mary, the necessary thin sections have deen
made mostly by Mr. Knut Jacobsen, and the manuscript has been
tvpe6 by Mrs. Eli Holmsen and Mrs. Walderhaug. The reniain6er of
the staff of Norges Geologiske Undersøkelse have assisted me in nu
merous ways and to all of them I extend my thanks.

STRATIGRAPHY

The rocks of the Komagfjord tectonic window are Precambrian and
in all probability of Karelian age (see e.g., Holtedahl, 1953; veitan,
1960, in press). In part they are surprisingly little metamorphosed and
tectonized and include types of rocks in >vnicli koBBilB couick be ex
pecteck to be weli preBerve6. However, all search for fossils has been
with negative results. Not even stromatolites, which can often be seen
in the carbonate rocks of the Kvænangen window (Holtedahl, 1918;
Geukens and Moreau, 1958, 1960; Reitan, 1960) have been observed.

Inc inappinZ ok tlie XoniaZkjoi-6 tectonic winckow naB deen eBBen
tiailv ok a reconnai^ance nawre an6tlierekore ttie 6etaile6 plodlemB
ok tlie BtratiZrapnv >vitliin inap unitB nave deen devon6tne Bcope ok
tlie worlc. ilie droack teatureB ot ttie BtlatiZi-apnv are, kor tne inoBt part
nowever, clear.

The legend of the map, Plate I, shows the presumed stratigraphic
succession and the discussion which follows will be in the order from
oldest to youngest, except where approximate equivalent age måkes
this impracticable.

Repparfjord group.

The dominant group of rocks within which a sequence of relative
age can de determined has deen called the Repparfjord group. Rocks
quite typical of most of the formations belonging to this group and
some relatively uncommon varieties can be seen along or near leppar
fjord.
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Holmvann formation.

The oldest formation within tniB group is the Holmvann formation.
It is called a formation at this time a8 it constitutes a map unit in this
report and accompanvinZ map. It is clearly capable of being differen
tiated into numerous subdivisions but Buen differentiation could only
be made for the whole unit after extensive detailed mapping. Schis
tosity generally parallel to the direction of the major fold axes (mainiv
I^L-B^V) is well developed. Original features, whether sediméntary or
volcanic, are usually difficult to distinguish and individual layers can
not eaBil^ be recognized and cannot de followed. No characteristic
marker nori2oNB have deen tound. The impreBBion has deen odtained
that individual lithologic units are not very persistent along the Btrike
direction. To xvnat extent tniB may be due to disserenceB in reBponBe
to tectoni^ation or is a primarv teature has not deen determined. Very
likely it is the result of a combination of the two.

Ike kormation conBiBtB ot a BerieB ok Btratiked roc^B ok BupracruBtal

oriZin and i8dominated dv darlc ZreeniBN and/or ZraviBN to diack kne-
Zrained roc1(8 ok dotn volcanic and Bedimentarv oriZin. litno
loZicaiiv and petro^rapnicaiiv variadie tnev are ot monotoNoUBiv
unikorm appearance trom even a tew meterB diBtance. Inc petroZra
pnic tvpeB wiU de diBcuBBed in more detail later (Bee p. 29-42). Itonever,
Kne-Zrained matrix conZlomerateB ot extremeiv variadie tnickneBB are
not uncommon and ciualt^itic and cardonate roc^B occur tne
unit. Inc total tnickneBB ok tne kormation i8prodadiv variadie a8it

appearB tnat a numder ot tne litnoioZicaiiv different tvpeB are individ
ualiv ok quite variadie tnickneBB and tnat tne tormation naB deen Bud
jected to eroBion dekore tne depozition ok tne next overivinZ unit. Iners
mav aiBo de eroBionai drea^B vvitnin tne kormation dut not anv appa
rent dekormation ot tne tormation until atter overivinZ kolmationB nad

deen depoBited. no piace witnin tne K^omaZkjord tectonic >vindo>v
naB tne daBe ot tne tormation or anv BiZn ot an underivinZ kormation
deen odBerved. IniB meanB tnat no more tnan approximate limitB kor
tne minimum tnickneBB ok tne kormation can de eBtimated.

Hoitedani (1918) meaBured 800 m ok ZreenBtone xvitk interBtratitied
BnaleB in tne vicinitv ok dut tniB >vaB a meaBure ot wnat i8ex

poBed. Inc dottom i8not expoBed near
I eßtimate tnat tne tnickneßß ot tne Hoimvann kormation i8at leaßt

2000 m and verv likeiv more. It cannot de appreciadiv IeBB tnan tniß
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in the central part of the map area and tliere is no basis for a guess
as to what rnaxirnurn tniclcneßß the formation rna^ reacli.

Doggeelv formation.

The formation immediately overlying the Holmvann formation in
the eastern and southeastern parts of tne map area is the Doggeelv
formation. There appears to be an erosional unconformity between the
Holmvann formation and the Doggeelv formation. The Doggeelv for
mation is not present in the northern part of the area, near Kvalsund
(F 1), where the Kvalsund formation (see p. 20) iininediatei^ overlieB
the Holmvann formation. The OoZZeeiv formation i8 partis Zrackatio
nal upwards into the Lomvann formation. IniB is especially the case
north and east of Rødfjell (I 3). In this area the boundary between the
formations as shown on the map (Plate I) is arbitrarily drawn to cor
respond to the line below which the rock is essentially a very pure
quartzite of light color and without appreciable admixture of fine
grained dark material. Near the eastern and southeastern boundary of

2. NGU

Fig. 5. Shows cross-bedding in Doggeelv (quartzite) formation.
Viser kryss-skiktning i Doggeelv (kvartsitt) formasjonen.
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Fig. 6. Ripple marks in Doggeelv formation.
Bølgeslagsmerker i Doggeelv formasjonen.

the win6oxv the contact detween the OoZZeeiv formation and the Lom
vann formation is generally quite clearly marked where exposed, al
though exposures within the tectonic window are poorest east of the
river Repparfjordelv and near the lakes Nagjetvann (F 6) and Vugge
nestjern (G 6).

The OoZZeeiv formation is mostly a very pure, white orthoquartz
ite. In some places it is somewhat calcareous, it generally contains
some micaceous minerals, and it is rarely conglomeratic. hippie marks
and croBB-de66inZ can be found (see Fig. 5, 6,) making up-down
determinations certain.

Inc tniclcneßß ok tne lorrnation 18 not unikorrn, tniß deinZ partiv 6ue
to tne inappinZ convention a6opte6 vvnere tne dounckarv detween it an6
tne overi^inZ kormation i8Zra6ational. ttowever, tnere i8a real tnin
ninZ ok cluart^oße Be6imentarv rock towar<sß tne nortn. Inc rnaxiinurn
tnickneßß ok tne kormation i8deiieveck to be not IeBB tnan 1 500 in an6
rnav de a8rnucn a82500 in; tne uncertaintv ariß6B krom tne rapi6
cnanZeß ok 6ip (Zeneraii^ towar6B tne 8L dut 80lnetirne8 towar6B tne
ss>V) an6variadiiitv ok Btrike. inappe6, tne rninirnuin BtratiZrapnic
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tnickneßß detween tne Hoimvann tormation an6tne Lomvann korma
tion 18 ca. 100 in, nowever it 18 to de rememdere6 tliat nere tne Lomvann
kormation i8verv <^uartxoße—actuaiiv an impure —anck tne
doun6arv 18 tranßitional an6arditrarv a86rawn.

Lomvann formation.

The Lomvann formation overlies the Doggeelv formation. In the
vicinity of Fægfjord (H 1) the rock immediately overlying the Holm
vann formation has been mapped as Lomvann formation. Here the
I^oinvann formation is an iinpure, råtner dark grayish, medium fine
grained quartzite. North of Rødfjell and near Lomvann (I 3) the lower
part of the formation as mapped is similar but it becomes more shaley
higher in the section. East of Repparfjordelv there appears to be a
sharp change ok lithology marking the boundary between the Dogge
elv formation and the I^oinvann formation. The Loinvann formation
is nere a ZraviBn-ZreeniBn råtner light colored shale. Southwestwards
along the strike the Lomvann formation continues to be a Bnale with
out appreciadie a6rnixture of Ban<s-Bi?e6 material. >Vnere Repparfjord
elv crosses the contact between the Doggeelv and Lomvann formations
(H 6) a tnin conZiomerate waB note6 at tne contact. Gartner south
west near n. VuZZeneBBtein (G 6) the Lomvann formation is partly
mottled with reddish shale, the reddish color being more common
southwestwards .

'lne top ok tne Lomvann kormation naB not deen odBerve6 nor naB
anv in6ication ot an overivinZ kormation deen koun6. It i8koun6 oniv
alonZ tne doun6arv ok tne tectonic win6ow. Inerekore, oniv an eBti
mate ok tne minimum tnickneBB can de ma6e. It appearB tnat tne mi
nimum tnickneBB muBt de on tne or<ser ok 1000 m, pernapB approacn
ing 1500 m, altnouZn tne area in wnicn tne ZreateBt apparent Btrati-
Zrapnic tnicl(neBB ot tne formation i8koun6 i8aiBo tne area in wnicn
expoBureB are xvorBt. It i8tneretore (iikticuit to 6etermine wnetner or
not kc>l<sinZ naB cauBe6 anv repetition ot Btrata or wnetner tauitinZ or
tolckinZ aBBociate6 witn tne overtnruBtinZ ot tne dale6oni6eB naB re-
Bulte6 in an apparent increaBe in^tlie tnicl(neBB.

""—Hr- \
iMOVEDS

chw^l
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Kvalsundformation.

In the northern part of tne area (F-G 1-2) the Kvalsund formation
overlies tne Holmvann formation. It is therefore, in the absence of any
possible fossil evidence, correlated with the Doggeelv and Lomvann
formation and on the map (Plate I.) is shown in the same color as tne
Lomvann formation. It is a very dark, usually black, carbonaceous
slate. Cleavage is well developed and only very rarely it is possible to
find a surface on which bedding can be observed. This has most often
been possible on boulders which were not in place. Bedding has been
observed to be at a large angle to the cleavage. The cleavage when
observed in outcrop is very steeply dipping. The formation is not very
resistant to weathering or erosion and is usually found forming gently
undulating slopes or valley bottoms.

The thickness of the Kvalsund formation is difficult to estimate.
Southwest of Kvalsund (F 1) it i8 wedged between thrust plates the
behavior of which has been mainly controlled by the rocks of the
Holmvann formation. Between Langørvann (G 1) and Kvalsund, where
the greatest horizontal expanse of tne formation i8 to be found, it
appearß to lie in a structural 6epreßßion near the interßection of at least
three thrust faults. In this area it appears to de mostly fairly flat-lying
insofar as this can de determined from the small, ground level ex
posures of the rock with its well developed slaty cleavage. The whole
area in which the formation is exposed has been complexly deformed
and neither the top ok the formation nor an overlying formation have
been observed. The minimum thickness of tne formation, however,
inußt be at least 200 m and more likely approaches 500 m. There is no
evidence upon which to base an estimate of the maximum thickness.

Summing the thicknesses of the formations constituting the Rep
parfjord group-Holmvann formation = 2000 +m, Doggeelv forma
tion = 1500 to 2500 m, Lomvann formation = 1000 to 1500 + m
and Kvalsund formation = 200 to 500 m, and noting that tne Kval
sund formation does not overly the Holmvann formation where the
OoZZeeiv an6/or I^ornvann korinationß 6o—viel6B an eßtiinate ok tne
tnicl<neßß ok tne kepparhorck Zroup ok 4500 m or more. ttowever, tnere
i8no neceßßarv jußtikcation kor tne iinpiicit aßßurnption adove tnat tne
Nolrnvann kormation i8equaiiv tnicic xvnere it i8overiain dv tne OoZZe
elv and I^oinvann kormationß a8eiße>vnere. In kact, tne indicationß tnat
tnere were Beveral daßinß into wnicn tne Be6imentß overivinZ tne Holin
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vann tormation were 6epoßite6 (Bee p. 64) an6tne prodadiiitv tnat tneße
daßinß >vere <sve to eroßion an6/or 6irlerenceß in tne eievation ok tne top
ot tne Hoimvann formation, make Bucnan aßßumption unjußtitie6 >vitn
out poßitive zupportinZ evickence. It 18 tnerekore 6ikkcult to cketermine
a minimum tnickneßß otner tnan tnat ot tne Hoimvann kormation itßelk
—i.e., 3000 m.

Saltvann group.

Within the Saltvann group it has been possible to determine the
relative ages of the three formations constituting it. However, the age
relations between the rocks ok the Saltvann group and those of the
Repparfjord group nave not been firmly established on the basis of
tne present study. Neither has correlation and comparison with other
areas of Precambrian rocks in northern Fenno-Scandia made possible
unquestionable designations of relative age.

>Vitnin tne K^omaZkjorck tectonic win6o>v tne rocl(8 ok tne Baltvann
Zroup are Beparate6 krom tnoBe ot tne li.epparkiol6 Zroup dv kauit
contactB. lo>var6B tne nortnxveBt tne group i8tkruBt upon
tne Baltvann Zroup; towar6B tne BoutneaBt ttiere i8a niZn anZie kault
(moBtlv verv near vertieal) >vitn a mvloniti?e6 marlcinZ tne con
tact det>veen tne ZroupB. ilie BenBe ot movement alonZ tm'B tauit KaB
not deen 6etermine6. Lotn tne tnruBt kault an6tne niZn anZie kault
6iBappear deneatti tne <^ale6oni6eB near Hermanvann (I) 4).

Inc oniv odBervationB approacninZ 6irect evi6ence concerninZ tne
relative a^eB ok tne an6Baltvann ZroupB are tlioBe on
ttie tvpeB ot peddleB tounck in tne conZlomeratic Djupelv kormation.
IneBe are preckominantlv ZreenBtone an6greenBcniBt xvitti Borne cal
careouB an6ciuartxitic peddleB an6Borne jaBper pebdleB. Inc Holm
vann tormation conBiBtB primarilv ok ZreenBtone an6ZreenBcniBt, >vitli
laverB ok calcareouB rocl(8 (dotli limeBtone an<s 6olomite) an6c^uart^ite,
an6xvitnin tne cardonate roclc immeckiateiv Boutri ok I^everkjor^van
nene (L 2-3) MBper veinB nave deen koun6. It 18 tnerekors PoBBidle tnat
peddleB in tne vjupeiv kormation nave deen 6erive6 krom eroBion ok
tne Hoimvann kormation.

Itiere i8Borne in6ieation, devonck tnat koun6 in tne area coveret dv
tniß report, tnat tnere were Beveral daßinß ok 6epoßition unckeriain dv
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the Holmvann formation and its equivalents into which sediments of
differing character were deposited (see p. 64). It was indicated above
tkat the Kvalsund formation is believed to be the equivalent of the
Doggeelv and/or Lomvann formations. It may be that the Saltvann
Zroup is equivalent to or younger than the upper formations of the
Repparfjord group. Though the evidence is not strong this is thought
to be the case.

Fig. 7. droBz-be66INL in Btemljell formation, BNOWMF tkat the 6ip is normal, not overturned.
Photograph tåken near mouth of 6. Ariselv. (Photo B. E. Borgen).

Krysskiktning i Steinfjell formasjonen som viser at lagene ikke er invertert. Ovenfor veien
på sydøst siden av ø. Ariselv.
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Fig. 8. A detail of the lower right hand portion of Fig. 7. (Photo, B. E. Borgen).
Detalj av nederste delen til høyre i Fig. 7.

Steinfjell formation.

The Steinfjell formation is the lowermost unit in the Saltvann group.
It tends to form topographic highs with very little vegetative cover.
Jointing is pronounced and the relief on the surface is rugged. The
bottom of the formation is not exposed. It is generally a coarse-grained
arkosic sandstone with frequent conglomeratic lenses. Cross-bedding
can very often be found which gives reliable up-down determinations
(Fig. 7, 8). The minimum thickness of the formation i8 1000 m. The
Steinfjell formation is transitional upwards into the overlying Djup
elv formation.



24



25

Djupelv formation.

The Ojupeiv formation is a conglomerate containing a wide assort
ment of pebble and boulder Bi^eB up to 20 cm in diameter. The dounck
arv det^veen the BteinkMl formation and tne O^upeiv formation i8
largely quite arbitrary. As drawn on the map (Plate I) it correBponckB
to a line BtratiZrapnicallv adove vvnicn conZiomerate pre6ominateB
over Ban6Btone. For the most part the matrix of the conZiomerate is
very subordinate, consisting of a few coarse sand-sized grains separat
ing peddig. Extremely deformed greenstone and greenschist pebbles
may eaBil^ be mistaken for a fine-grained groundmass (see Fig. 9).
The maximum thickness of the formation i8 ca. 700 m.

Fiskevann formation.

tne Ojupeiv kormation lieB ttis I^iBi(evann kormation xvnicn
i8a conZiomeratic arl(oBic Ban6Btone. Onl^ rarei^ 6oeB tne amount ok
peddie material excee6 tne Ban6^ Zroun6maBB. It i8mucn detter Borte<s
tnan tne Ojupeiv tormation, peddleB exceeckinZ 10 cm never navinZ
deen odBerve6. Inc matrix i8a pooriv roun6e6 CoarBe-Zlaine6 arkoBic
Ban6Btone. "lne peddleB are remarkadiv unikormiv ok one cnaracteriB
tic type, a purpie coioreck microporpnvrv. "I"ne Bource roclc krom vvnicn
tneBe porpnvrv peddleB >vers 6erive6 naB not deen odBerve6 xvitnin tne
K^omaZkjor^ tectonic win6o>v or in otner areaB ok ?recamdriam roclcB
in nortnern xvnicn nave deen viBite6.

droBB-de66inZ in tne Ban6Btone laverB ok tne kiBicevann kormation
18 common anck up-6o>vn 6eterminationB are conBeciu6ntlv certain (Bee
I"i8. 10).

'llie maximum tnicl(neBB ok tne kormation cannot de 6etermine6 a8

it i8evervxvnere cut ot? at itB niZneBt BtratiZrapnic leveiB dv tne tnruBt
tauit detween tne Baltvann Zroup an6tne li.epparkjorcl Zroup. ItB maxi
mum expoBe6 tnickneBB i8adout 700 m.

Fig. 9. Sawed surface of a sample of the Djupelv formation, showing the coarsely clastic
groundmass and the varying degree of deformation of pebbles. The sample is ca. 45 cm.

Saget overflate på en prøve fra Djupelv formasjonen som viser grovkornet grunnmasse og
varierende grad av deformasjon av rullesteinene. Prøven er ca. 45 cm. lang.

across, horizontally. (Photo, B. Mauritz).
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Fig. 10. Cross-bedding in Fiskevann formation.
Krysskiktning i Fiskevann formasjonen.

Summation of the maximum exposed thicknesses of the formations
of the Saltvann group leads to an estimate of the thickness of the group
in excess of 2000 m. Even though the Djupelv formation appears to
thicken southwestwards at the expense of the Steinfjell formation by
virtue of facies change tkiB eBtiinate of the tniclcneBB of the Zroup is
probably not too Zreat. feitner the top nor the bottom of the group
have been observed.

IntruBive iocliB.

Numerous bodies of gabbroid basic rock and ultrabasic (mostly very
completely serpentinized) rock and two bodies of trondhjemitic rock
are found in the Precambrian rocks of the Komagfjord tectonic win
dow. These appear to be intrusive into the low to moderately low-grade
metamorphic supracrustal rocks. Their characteristics gråde of meta
morphism, Btructural relationships, relict textures and mineralogy are
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quite 6isserent krom 6eßcriptionß ok tlie daßic an6ultradaßic rocl(8 ok
tne Burroun6inZ dale6oni6eß.

Many of these bodies clearly cross-cut the supracrustal rocks sur
rounding tliern. However, many show contact fold relationships ex
actly parallel to deformation of bedding in tne surrounding rocks indi
cating that they have been folded simultaneously. The affects of shear
ing and cataclasis which can be related to Caledonian deformation are
especially clearly marked in the large Trondhjemitic intrusive (C-D 7),
>vnile near Doggeelv (J 3-4) folding of the contact between intrusive
rock and sandstone i8 exactly parallel and believed to be the result of
pre-Caledonian deformation (see discussion, p. 51). For these reasons
and the tact of the Zreat petrologic differences between these instrusives
and those in tne Caledonides, tne date(s) of intrusion of these rocks
into the Precambrian rocks i8 believed to be pre-Caledonian and
probably Precambrian.

Inc relative aZeB detween tne intruBion8—dotn intruBion ok in6ivi<s
ual do6ieB an6intruBion ok different 00nip08itiona1 type8—naB not
deen eBtadliBne6.

It i8wortn notinZ tnat all ok tlie korinationB ot tne Kepparkior6 Zroup
toun6 to tne BoutneaBt ok tlie Baltvann Zroup contain intruBive rocl(8
wtiile tlie rocl(8 ok tne Zroup koun6 to tne nortli>veBt in
clucke no intruBive rocl(8. 'llie Zteinkjeil torrnation ok tlie Baltvann Zroup
containB daBic an6ultradaBic intruBiveB. Itie arnount ok intruBive rock

in ttie liolnivann kormation (at leaBt) appearB to increaBe towar6B tlie
80utli an680iittiea8t.

PETROLOGY AND METAMORPHISM

ilie ?recaiiidrian rocl(8 ok tne XomaZkiord tetonic win6o>v are ok
low inetaniorpliic Zra6e. Bornetirneß tnev are verv tnorouZlilv recrvßtal
li^e6 Bucli tliat tlie original nature ot tne roclcß liaß deen odßcure6, ttiiß
deinZ particularlv true ok tlie Bcliißtoße unitß witnin tne ttolnivann kor
mation. However, otten oriZinal 6epoßitional keatureß (e.Z., croßß deci
6inZ, ripple marl(B, pillovv Btructure, I^iZ. 11) or textural teatureß (e.Z.,
ainvZ6uleß, pnenocrvßtß, conZlornerate peddleß, I^iZ. 12) are weli
preßerve6 an 6tlie oriZinal nature i 8evident. Original 6epoßitional
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Fig. 11. Pillow Btructure in Holmvann formation. The hammer is ca. 48 cm long.
pnoto^rapn tåken near Hermanvann (D3).

Putestruktur i Holmvann formasjonen. Hammeren er ca. 48 cm. lang.
Bilde tatt ved Hermanvann ( D3) .

features are frequently found in the Doggeelv formation, Lomvann
formation, and the formations of the Saltvann group. The geologic
relations of the intrusive bodies make their intrusive nature apparent
even when they have suffered complete recrystallization obscuring all
original textural features during low gråde metamorphism. About half
of the time field observations, with or without the aid of microscopic
study, have made possible determination of the original nature of the
rocks of the Holmvann formation. In about half of the remaining cases
Btu6ie6 there appears to be fairly good evidence to substantiate a guess
as to the original nature, and in tne remaining cases there remains too
little indication of the original nature to support a guess worthy of
any 6eZree of conK6ence. >Vitnin tneß6 limitationß it appearß tnat vol
umetrically a little over half of the Holmvann formation consists of
volcanic rocks and the remainder of subaqueously deposited sediment
ary rocks.
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Fig. 12. Boulders of conglomerate in Holmvann formation, at head of Breidalselv (F4),
showing variable deformation of pebbles. (Photo, B. E. Borgen).

Blokker fra konglomerat i Holmvann formasjonen, tatt ved øverste delen av Breidalselv (F4) .
Viser deformasjonen av rullesteinene.

Repparfjord group.

The petrology of the Repparfjord group will be discussed in the
order of the stratigraphic succession of the formations comprising it.
The I^oimvann formation has the ZreateBt areal extent and provickeB
the ZreateBt ainount of information reZarckinZ to the lnetamorpkiBln of
the group.

The Hoinivann formation is a tdick BupracruBtal BerieB of inter
bedded volcanic and sedimentary rocks. Superficially the rocks are
quite uniformly of dark color, are mostly fine-grained (conglomerates
usually have a predominantly very fine-grained matrix), and show a
variably >vell 6evelope6 BcniBtoBitv.

Inc rnoßt cornrnon rnineraioZical aßßemdlaZeß are 1) oliZoclaße
an6eßine, Korndlen6e, diotite, epi6ote, Bpkene, Zarnet,



30

di opaques, 2) albite, biotite, epidote, sphene, ± chlorite, ± quartz,
ili ore, and 3) albite, chlorite, epidote, sphene, di tremolite-actinolite,
iii quart^, di rnußcovite, di opaclueß. In any one particular specimen
even minerals not preceeded by the sign ± may be absent, but such
cases are rare. Usually all of these phases are present, and sometimes
all of tlioße precee6e6 by the BiZn di as well. Other assemblages which
are found include 4) tremolite-actinolite, biotite, sphene, di epidote,
di albite, di opaques, 5) albite, chlorite, tremolite-actinolite, di epi
dote, di opaques, 6) tremolite-actinolite, tale, sphene, ± chlorite,
di quartz, di opaques, 7) tale, chlorite, sphene, di albite, di serpen
tine, de opaques, and 8) calcite, plagioclase, opaques, ± chlorite,
di sphene, di quartz. Only assemblages numbered 1, 2, and 3 are
common. Assemblage number 2 is most often found in samples tåken
from the Holmvann formation south of 70° 20' north. In the northern
part of the area samples most frequently contain assemblage number 3.
Assemblage number 1 is found along a belt from the head of Båtdals
elv (H 4) to the vicinity of tne large gabbroic intrusive at Veifjell (E 7).
In some cases disequilibrium assemblages are present; the assemblages
above are beleived to represent assemblages which approach the equil
ibrium conditions. In particular, the coexistence of albite with horn
blende or >vitn norndlen6e and garnet is rare, as is also the coexistence
of chlorite and hornblende. A few samples containing such combina
tions were partially analysed (cf. analysis numbers 5, 13, and 17, table
3) and were found to contain relatively low atomic rations of K to Na.
Itiiß may have allowed hornblende and garnet to form with albite and
chlorite at P-T conditions where some combination of tne inineraiß
aldite, diotite, cniorite, and epi6ote, or aldite, actinoiite, cnlorite, and
epidote was ordinarily formed.

XVitli tlie exception ok a verv kexv BarnpleB vvnicli contain pvroxene
an6tvpicallv low teinperature rnineralB Bucli a8cnlorite or tale, or con
tain relict caicic plaZioclaBe pnenocrvBtB an6a later Zeneration ok Bo6ic
plaBioclaBe, a råtner cloBe approacli to e^uiiidriurn aBBerndlaZeB liaB
UBuallv deen acnieve6, occaBional evickence ok BliZnt retloZleBBive rneta
rnorpniBin alonZ Binall Bnear not deinZ talcen into account. IniB
appearB to de ec^uallv true dotn ok rocl(8 ok Be6irnentarv an6volcanic
origin.

(^ornplete cnernical analvßeß >vere rnacke ok kour Barnpleß krom tne
Itoirnvann korrnation ; t>vo ok tne Barnpleß >vere cleariv oriZinaiiv arZii
laceouß Be6irnentß (tadie 2) an6two oriZinaiiv arnvZ^aioicial da
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salts (table 1). From the analyses the modes were calculated following
essentially the scheme of the epinorm calculation suggested dv Barth
(1955, 1959). Thin Bectionß of tne rocks were examined and the mine
rals constituting tne rock were i6entine6, after vvnicn tne epinorrn
caicuiation waß koiiowe^, atteinptinZ, however, to incolporats the
elements present into those minerals which were known to be present.
In the absence of an observed mode which could not be determined
accurately because of the extremely fine gram size of the mineral in
these rocks—this gives the best possible indication of the relative
abundances of the minerals in these rocks. Considering the sources
of error innerent in the inetnoci, the accol6 detween the caicuiated
modes and thin Bection odßervationß is very Batißtactorv. Iniß Budjective
evaiuation of the value of the calculate6 rno6eß in tneße particuiar in
stances can de appreciated fully only dv one who has examined the
thin sections concerned. In these cases the calculated mode is the only
method dv which one can make a quantitative estimate of the minerals
present which is not manifestly ridiculous.

Inc caicuiateck rno6e ok tne arZiiiite (analvBiB no. 4, tadie 2) iniZnt
de odjecteck to on tne Zroun6B tnat 1.5 X ortnoclaBe appearB in tne inocke
dut >vaB not odBerve6 in tnin Bection. lo tniB can de anBwere6 tne kol

loxvinZi tne inocke rnav de a6juBte6 to Bnow 2.1 /^ inuBcovite, 19.6 /^
cniolite(l), an64.7 /^ cnlorite(2), in wnicn caB6 tne rnineraloZv ok tne
rno6e 18 in detter aZreernent witn tnat odBerve<s. Birnilarlv, tne preBence
ok 4.0 /^ ortnoclaBe in tne daBalt (analvBiB no. 2, tadle 1) iniM de tounck
irnproper or exceBBive. lo tniB one niav anBwer tnat tne calcic plaZio
claB6 wnicn oriZinallv crvBtalli^e6 at niZn ternperature coiild nold Borne
potaBBiurn in Boli6 Bolution a8can alBo tne alditic plaZioclaBe Btadle
at low teinperatureB. In a66ition to tliiB, tne BauBBuritixation reaction
ok calcic plaZioclaBe containinZ 80ine I^-kel6Bpar in Boli6 Bolution can
prockuce rnuBcovite (Bee karnderZ, 1952, p. 50) accor6inZ to tne re
action:

4 CaAl2 Si2 O8 + KAISi 3 O 8 + 2H2 O = 2 Ca2Al3 Si3O12 (OH)
anortnite ortnoclaBe zoisite

3. NGU

+ KAl3 Si3O 10 (OH)2
muscovite

+ 2 SiO2
quartz



Table 3.

Anal-
ysis

Collec-
tion Llement „>.

Klolecuiar

propoNion
M : Main mineral

(^ornmentB
A: Accessories

no. no. x 1000

1)3- Na2O 2.60 84 M: Hbl, Ab, Chl, Originally
2«.101 0.02 Chert norndlen6e

K2O 0.09 Lp, <)t^ basaltic rock

1)3- Na2O 0.57 18 M:Chl, Ab, Lp Originally
18,195 0.44 basalt

IVluBc, OreK2O 0.65 14

V- Na2O 3.09 100 Lp Originally
IK2OI 0.15 amygdaloidal

basaltic rockA: ChlK2O 0.82 17

I^4. Na2O 3.78 122 M: Ab, Act Originally
28109 0.35 Lp, <2nl, ()t-. amygdaloidal

K2O 3.17 6? Ore andesite (?basalt
U- Na2O 3.40 110 Li OliZinailx a

21^17 0.31 basaltic rock
Lp, Bpn,K2O 2.31 49

V- Na2O 0.18 6 M: dk!, Tale Originally
10 18205 0.14 A: Sph, Zirc?, b2B2it?

K2O 0.05 Hem

113- Na2O 3.14 101 M: Chl, Lp,
11 18265 0.26 Chert, Ab Metavolcanic

K2O 1.64 35 A: Qtz, Bi, Ore
U- Na2O 2.15 69 M: Act, Chl, Lp,

12 1«.283 0.16 Ab Metavolcanic

K2 O 0.61 13 A: Sph, Qtz, Hem
U- Na2O 1.20 39 M:Hbl, Ab, Qtz

13 2N.13 0.11 Kletavolcanic

Lp, klt,K2O 0.25

U- Na2O 3.12 101 M: Chl, Ep, Ab Stratified;
14 1«,264 0.35 perhaps

A: Bi, Hem tuffaceousK2O 2.58 55

I^3- Na2O 3.48 112 M: Qtz, Plag, Originally
15 1«.196 0.18 K-feld impure fine-

K2O 1.16 25 KluBc, Ore grained arena-
ceoussandstone

113- Na2O 7.23 236 M : Qtz, Chl, Ab Originally
16 18289 0.04 fine laminatet

0.47 10 /<: Bpn, Lp BnalsK2O
U- Na2O 5.21 168 kl: Übi, Li, Metasediment ?

17 21^15 0.12 Qtz

K2O 1.07 23 Lp, ?eNnite,
Garnet

* An; ilyst: Li Bolkesji
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Saussuritization and sericitization of plagioclase feldspar are com
monly observed in volcanic rocks which have undergone low gråde
metamorphism and tniB is also true of the volcanic rocks of the Komag
fjord tectonic win6o>v. The adove reaction mav help to account for
both the rather large amount of free quartz indicated in the mode from
analysis no. 2 and observed filling amygdules seen in thin section, and
the preBence ok a potaBBiuni rien phase in the mode which may in fact
be represented both by K-feldspar in solid solution with the albite
plagioclase and muscovite lamellae due to sericitization.

Analyses for Na2 O and K2 O in thirteen samples from the Holm
vann formation were performed (see table 3). The k values (see, e.g.
Niggli, 1954) were calculated for these and the four samples on which
complete analyses had been performed. The k value is proportional to
the ratio K+/Na+ + K+, a low value indicating that a relatively high
proportion of the alkali in the rock is sodium. This was done in
order to determine whether the rocks of the Holmvann formation
which are predominantly greenstones and ZreenBcniBtB are of Bpilitic
aspect. To be sure, tne ratio ok eaiciurn to Bo6iuin is aiBo cnaracteriBti
cally below normal in spilites, but tne k value is a much more eaBilv
obtained index because the analvziB is Birnpler and more rapi6.

* F, Cl, and/or (OH) assumed to be available as required.

rable 4.

Formulas used in calculated modes.

Quartz
Orthoclase
Albite
Anorthite
Liotite
Zoisite
Epidote
Chlorite (1)
Chlorite (2)
Sphene

SiO2
KAISi3O8
NaAISi 3 O 8
CaAl2Si2O 8
KAI (Mg, Fe, Mn)3 Si3O 10 (OH)2*2 *
Ca2A!3Si3O12 (OH)*
Ca2 (AI, Fe)3Si3O 12 (ON)*
Mg3Si2OS (OH)4*
Mg2Al2 SiOS (OH)4*4 *
CaTiSiO5

Nematite

CaCO3
Ca5 P3 O]2 (F, Cl, 0«)*
Fe3O4
Fe2O3
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There are no systematic variations between the k value and the ori
ginal rock type, whether extrusive or sedimentary, or between the k
value and the sum of the molecular proportions of sodium and pot
assium, or between the k value and the molecular propartion of sodium
or potassium tåken individually. The average k value of eight samples
from originally basaltic rocks is 0.21, ranging between 0.02 and 0.44.
The average k value of twelve samples of originally extrusive origin
including the basalts is 0.22, ranging between 0.02 and 0.44. The ave
rage k value of five originally sedimentary rocks is 0.14, ranging
between 0.04 and 0.31. The average k value from the sevénteen sam
ples is 0.19.

IneBe valueB are Zeneraiiv appreciadiv niZner tiian tne vaweB re
porteck dv OjeiBvik (1958) kroni BarnpleB ok tne ZreenBtoneB an6Zreen-
BcniBt3 ot tne (!aB^iaB Zroup krom tne interior ot Bixteen

valueB reported dv nirn krom BarnpleB in tne vicinitv ok aver
aZe 0.06, ranZinZ detween < 0.01 to 0.35. Inc niZneBt valueB are troin
inica BoniBtB. vaweB an6tne adove vaweB can de coinpareck witn
tne vawe ot tne averaZe "ZreenBtone inaZina" (Ivlikkoia, 1941) nnicn
18 0.11, an6tne vawe ok tne averaZe coinpoBition ok piateau daBaltB
(Oaiv, 1933) wnicn 18 0.15.

can de Been, tne ZreenBtoneB an6ZreenBcniBtB krom tne Itoirnvann
torlnation, tnouZn containinZ tne inineraiB an6kaving tne textureB
tvpical ok Bpilitic roc1(8, 6o not appear to de reiativeiv enricneck in
Bo6iuin. tne proceBBeB wnicn Zive riBe to BpiliteB, tnev 6o not
Beern to nave deen operative generaiiv upon tne roc1(8 ok tne Hoiinvann
torrnation. roc1(8 nave undertone low Zrade inetainorpniBln dut
tnere 18 no indication ok larZe Bcale Bodiuin inetaBoinatiBM.

tne ranZe ot valueB in tne roc1(8 ok volcanic and Bedi
inentarv oriZin 18 eBBentiallv tne Baine, tne averaZe value kor tne Bedi
inentB i8diBtinctlv lovver. Oniv one ok tne kve, tne arenaceouB arZiiiite
(analvBiB no. 4) wnicn i8reiativeiv niZn in diotite and K^-keldBpar, naB
a value niZner tnan tne averaZe kor all tne Beventeen BpeciinenB.
IZnorinZ it decauBe ot tlie adnorinallv niZli concentration ok potaBBiuln
inineralB, tne averaZe value kor tne reinaininZ rocl(8 ok Bediinentarv
oriZin i80.9. Ilie nuinder ok BainpleB deinZ conBidered i8adinittedlv
Binall and doeB not xvarrant concluBionB to vvnicli Zreat contidence
Bnould de attatcned. Novvever, lceepinZ tniB limitation in mmd, it i8
perrniBBadle to otler interpretationB wnicli rniZlit Berve to explain tne
diKerenceB.
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It 18 to de rememdereck tkat tne Holmvann formation conBiBtB ot

interlavereck BUpracruBtal rockB ot dotti volcanic an6Be6imentarv ori-
Zin. tlie volcanic rocl(8 ttiere appearB to de onlv a verv Bmall
percentaZe wliioli are tuffaceouB; kor tne MoBt part tnev were extru6e6
lava8. Itie rocl(8 were pre6ominantlv kormed Bud-aqueouBlv, dotli tne
volcanic and Be6imentarv rocl(8, an6were, in all prodadilitv Bud
marine, Ilie entrappe6 water >vaB Balins.

During compaction an6low Zra6e metamorpniBin mucli ok tw'B
water waB preBBe6 out ok tne rocl(8. Inc water, in movinZ out ok tlie
rocl(8, woul6 ten6to kollow tlioBe avenueB ok eaBieBt tranBport, i.e.,
into an6trouZli tlie moBt permeadle dedB. Qiven a Btratine6 pile ok
ds6B ok variadle peimeadilitv, tlie water woulck de preBBe6 out ok tne
relativelv impermeadle de6B into tlioBe ok Zreater permeadilitv tlirouZn
wnicn it coul6 move moBt eaBilv out ok tne pile. Inc licluick miZnt de
preBBe6 out ok tlie de6dv compaction dekore ec^uilidrium na6deen
acliieve6. In no caBe coul6 connate water krom permeadle de6B de ex
pecteck to penetrate into tlie relativelv impermeadle de6B.

In ttie permeadle dedB tne Bituation will de 6iKerent. reaction
detween Boli6 an6lic>!ui6 woul6 de expecte6 to talce place ten6inZ to
war6B a tliermo6vnamic:allv Btadle 6iBtridution ok Bo6ium detween tlie

pliaBeB preBent. However, in tlie caBe ok tne permeadle de66urinZ
compactioN) not onlv woul6 tne connate water oriZinallv containe6
witliin tlie de6de korced tnrouZli tlie de6, dut alBo water 6erive6 krom
a6jacent leBB permeadle de6B. IliuB, tlie Bo6ium dearinZ liyui6 pliaBe
woul6 conBtantlv de renewe6.

Oiven tne preBent Becluence ok rocliB, it appearB evickent tliat tlie
Be6imentarv rocl(8, even tliouZn relativelv nne-graineck, woulck de more
permeadle tnan tlie nne-Zraine6 lava nowB. Itie poroBitv ot tne daBal
tic lavaB mav liave deen tiiZlier (6ue to amvZ6uleB) dut tne permeadi
litv lower.

In a66ition to tne adove coNBi6elationB it i8alBo prodadle tliat tlie
rocliB 6erive6 krom tne lavaB 6i6 not oriZinallv contain a8niZli a per
centaZe ot a8niZlilv nv6rate6 mineralB a8tliev now 60. kelict pvroxene
ZrainB atteBt to tliiB an6it will de rememdereck tliat tlie BauBBuritixa
tion reaction rec^uireB water. On tne otlier lianck, Be6imentB compoBe6
ot 6etrituB an6weatlierinZ pro6uctB 6erive6 trom Burkace locl(8 an6a
certain ackmixture ok clavB korme6 dv tlie nocculation ok colloidal par
ticleB an6otlier BUBpen6e6 material, woulck de expecteck to contain a
liiZn percentaZe ok tiv6rate6 mineralB.
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The significance of tliiB is the following. During compaction, diage
nesis, and low gråde metamorphism, the reaction between the connate
water and the solid phases of the basalts would tend not only towards
equilibrium distribution of sodium between the solids and the liquid,
but also towards the incorporation of water into the hydrous mineral
produced by the reaction between the original anhydrous phases and
the liclui6. IkuB, the Bo6iurn conceritration of the liqui6 preBBe6 out
of the relatively impereable beds into the permeable beds during com
paction would probably not be greatly depleted by the reactions which
had already occurred in the impermeable beds.

The reactions which would then occur in the permeable beds would
be, as in6icateck, tnoBe lea6inZ to the e^uiiidrium 6iBtridution of 80
dium between the minerals and the liquid. In this case, however, reia
tively less water from the liquid would be incorporated into the mine
rals (already presumably hydrous phases).

Inc net reBult ok tniB proceBB woul6 de a relative enricnment ok 80
6ium in tne rnoBt permeadie de6B. It tne liquid expeiieck krom tne rockB
6urinZ compaction were orixinaUv not ricn in Buck conBtituentB a8
potaBBiuin an6caiciuin tnere iniM aiBo de an adBowte a8weli a8a
relative 6epletion ot tnoBe elernentB in tne rock.

In tniB wav Borne Btrata ok rocl(8 ok Bpilitic aBpect witnin a Beyuence
preckominantiv compoBe6 ok non-Bpilitic rocl(8 iniZnt de expiaineck.
Biinilar expianation naB deen ot?ere6 dv Oicl(inBon (1962) to account
kor tne converBion ok rnvo6acite to aiditic quart^ Iceratopnvre.

Inc mineral aBBemdlaZeB cnaracterixinZ tne rocl(8 ot tne Hoimvann
tormation, deBi6eB retiectinZ compoBition2i variationB, are in6icative
ok ckisserent 6eZreeB ot metamorpniBM. Inev are cnaracteriBtic: ok tne
niZn ZreenBcniBt tacieB an6lower epi6ote ampnidoiite taciez a8tneBe
are 6etine6 dv Lartn (1952) an6dv Il.amderZ (1952). to tne
claBBikcation propoBe6 dv surner (/« I^vte, lurner, an6VernooZen,
1958) tne ZreenBctiiBt kacieB an6tne almanckine ampmdoiite kacieB are
repreBente6. Lotn tne Mart?-aldite-muBcovite-cnlolite BudkacieB an6
tne BudkacieB ot tne ZreenBcniBt kacieB can
de recoZni-eck dv aBBemdlaZeB 3, 5, 7, an68 an62, 4, ancl 6 reBpectivelv
(Bee p. 30). I^ne Btaurolite-cluartx BudkacieB ok tne alman6ine ampni
dolite kacieB i8repreBente6 dv aBBemdlaZe 1. Inc mineral aBBemdlaZeB
are cnaracteriBtic ot pelitic, daBic, an6maZneBian compoBitional tvpeB.

ilie WZneßt metamorpnic Zra6e, repreßente6 dv aßßemdlaZe 1, i8
toun6 to outcrop alonZ a delt exten6inZ Boutnweßtxvar6B trom Lrei
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dalselv (H 4) past the upper reaches of Båtdalselv, Mikkeldalselv,
Breidalselv (G 5), Markfjell, and to Småhaugene. The assemblages
characteristic of tne lowest metamorphic gråde, assemblages 3, 5, 7,
and 8, are found only in the northern part of tne area. Inuß tnere is
a rough zoning of metamorphic facies, a slight general increase occur
ring from the north to the south. Although not completely clearly
established there appears to be a slight increase of gråde from west to
east. A line perpen^icuial to ißoZra6B xvou!6 be approximatei^ a NNW
-SSE line with metamorphism increasing towards the south-southeast;
the isograd separating the quartz-albite-muscovite-chlorite subfacies
(to the north) from the quartz-albite-epidote-biotite subfacies (to the
south) would be approximately that connecting Klakkeggen (D 4) and
Gænocokjavre (I 3).

The highest metamorphic gråde is represented by the rocks in the
belt (H 4 to E 7) mentioned above. IniB belt coincides with the area
ok greatest density of gabbroic and ultrabasic intrusives. There appear
to be three possible explanations for this coincidence. They are :

1. Votn are reiateck to a BinZle cauBe a 6irect cauBal reia
tionBnip detween tnein. Inere i8an anticiine exten6inZ BoutnweBtxval6B
cloBe to tne doun6ar^ detween tke Hoirnvann korraation an6tne over-
I>inZ DoZZeeiv tormation (Bee tne Btructural rnap, plate II). "lne axiB
ok tne antidine approxirnatei^ coinci6eB witn tne delt xvitnin vvnicn tns
roc1(8 ok liiZneBt inetainorpnic Zra6e an6tne cloBel7 Bpace6 intruBiveB
occur. Itie anticlinal axiB rna^ de a xone ok relative wealcneBB tnrouZn
wliicli intruBion waB eaBieBt an6inav drinZ to tlie Burkace ttie 6eepeBt
an6tnerekore niZkeBt Zracke roc^B ok tne Holinvann torrnation. It tniB
i8tne caB6 tne ZeoZrapnic coinci6ence detween tlie intruBiveB an6tlie
rnetarnorpnic Zra6e, tnouZn kavinZ a cornmon cauBe, are not 6irectlv
cauBallv relateck. Ho>vever, altliouZn ttie 6etailB ok tlie Btrucwre in tns
Boutnern part ok tne area liave not deen a8clearlv >vorlie6 out a8in tne
nortliern part, it 6oeB not Beem lilcelv tliat tlie rocl(8 in tliiB xone are
BtlatiZrapnicallv lo^ver tnan a// ottier partB ot tlie Itolrnvann korrna
tion.

2. "llie xone in xvnicli tlie liiZlier Zracke rocl(8 oocur 18 ons in >vtiicli
tlis ternperature waß raiße6 adove tnat attaine6 in tne rnajoritv ot tns
area, reactionß leackinZ to mineral aßßerndlaZeß cliarac:telißtic: ok niZner
Zra6e deinZ in6uce6 dv tne increaß6 in ternperature wnicn waß itßelk
cauße6 dv tlie intrußion ok tlie liot Zaddroio an6ultradaßic maZrnaß.
Beveral tactorß rnilitate aZainßt iinrne^iate a6option ok tniß explana
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tion. First, zones of thermal contact metamorphism are not observed
along the boundaries of the intrusive bodies in tliiß zone of higher
gråde metamorphism of the surrounding rocks, nor have contact ineta
rnorpliic aureolß deen odßerved around intrußiveß in otner partß of tlie
Holmvann formation, or the DoZZeelv, Lonivann, or Bteinki'ell forma
tions. Second, the metamorphic gråde of the intrusive bodies is, with
the exception of some relics in the larger bodies, quite comparable to
that of the surrounding rocks. It would therefore appear that the period
of intrusion antedates the time of the metamorphism.

3. The zone of highest metamorphic gråde may not neceBBarilv re
present a 20N6 in >vnicn the teinperature xvaB appreciably elevate6. As
has been shown very clearly by Fyfe and Turner (in Fyfe, Turner, and
Verhoogen, 1958) and by Yoder (1952), a given metamorphic assemb
lage is dependent on the temperature, fluid pressure, and load pressure.
A reiativeiv small cnanZe of the fluid preBBui-e (inainiv H2 O) at con
stant load pressure and temperature, can cause a change in the assemb
lage of minerals which is stable. Given the proper original conditions,
a change of fluid pressure might induce reactions which would result in
a mineral assemblage characteristic of a facies different from that of
the original.

Inc aBBenidlaZ6 ok tne xone ok niZneBt metainorpnic Zrade, tne Btau
roiite—yuart? BudkacieB, i 8cnaracteriBtic ok tne lo>veBt part ot tne
ainiandine ainpniboiite kacieB, wiiile tne BUlroundinZ cluartx-aidite-epi
dote-diotite BudkacieB aBBerndlaZe i8ckaracteliBtic: ok tne upper part ok
tne ZreenBcniBt kacieB (lurner'B terrninoioZv; dv tne terrninoioZv ok
karnderZ tnev wouid de lo>ver epidote arnpnidoiite kacieB aBBerndlaZeB).
InuB, oniv a Binall clianZe in tiuid preBBure xvouid de neceBBarv to ac
cornpliBn tne tlanBkolination krom one aBBerndlaZe to tne otner.

Inc cnanZe in nuid preBBure couid de cauBed dv a relative delivdra
tion ok tlie rockB BurroundinZ tlie intruBive dodieB >vliile tne intruBive
rocl(8 were deinZ kvdrated (Bee InoinpBon, 1956). XVater couid de witli
dravvn krom tne roclcB ok tlie Holinvann korrnation and incorporated
into livdrated pliaBeB in tlie daBi'c and ultradaBic intruBiveB in accord
witli tne reactionB leadinZ to BauBBuriti^ation, Bericiti^ation, cliloriti
mation, and Berpentiniti^ation. ilie kactB tliat tne Baine relative Zrade
ok inetarnorpniBln i8exliidited dv tne intlUBi've dodieB and tlie Bur
roundinZ roclcB and tnat tliere i8no apparent contact inetainorpniBin
around tlie rnanv Blnall intruBionB in anv ok tlie tolinationB, Bupport
tneBe propoBaiB.
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The concluBion of the adove diBcuBBion is tnat tliere is a slight in
crease in the gråde of regional metamorphism when proceeding south
southeasterly, the gråde increasing to the high greenschist facies (Tur
nert classification) or the low epidote amphibolite facies (Barth's and
Ramberg' s classifications) with an apparent local increase in meta
morphic gråde in the southeastern part of the area (H 4 to E 7) caused
by the lowering of the fluid pressure in the area of greatest density of
intrusive rocks following the hydration reactions accompanying the
low temperature metamorphism of the intrusives. x

The formations overlying the Holmvann formation are not idealis
suited to studies of metamorphic reactions. The Doggeelv formation
is generally a fairly pure quartzite though some muscovite or biotite
is commonly present. Partial analyses of four samples were performed
(table 5), these suggest that the proportions of quartz to other minerals
vary but quartz dominates. The variations in the relative proportions
of potassium and sodium and the variation in the absolute amounts
of tneBe elements indicates that the proportions and absolute amounts
of detrital feldspars incorporated into the rock varied. This confirms
tne impression obtained by examination of thin BectionB. Little can be
said of the variation of the metamorphic gråde of the quartzite although
metamorphism has been sufficient throughout the formation to allow
the detrital grains to be cemented by quartz. However, as quartz is
Icnown to form as an autniZenic mineral and remembering tnat these
are Precambrian rocks (hence, much time for solution and re-precipi
tation even if the rate of tne process was very slow) tniB fact cannot
de considered very significant. As biotite and muscovite are stable from
very low grades of metamorphism (greenschist facies) up to verv high
grades, their presence is not significant. In the bed of Breidalselv (G 6)

Table 5.

OoZZeelev korrnation

Analysis no.
Collection no.

Wt. % SiO2
Wt. % Na2O
Wt. % K2O
A>value

19 20 21
V3-1R37

98.79
U4-IRIIS V3-1R230

93.88 92.58
0.06 1.71 0.69
0.04 0.06 1.63

0.33 0.02 0.61

Analyst: Kjersti Haugen.

na 0 luartzite :

18
V3-ll^4

85.01
0.82
3.41
0.73
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not kar krom tne lioimvann formation tnere waB koun6 a Bmall peZ
matite wnicn meaBure<s 15 x 10 x 8 cm. It conBiBte6 ok yuartx po6B
up to adout 6 cm in larZeBt 6imenBion, potaBBium kel6Bpar crvBtaiB up
to adout 4 cm, an6diotite. IniB i8prodadiv in6icative ot a metamor
pnic Zra6e comparadie to tnat attaineck dv tne neardv Hoimvann kor
mation, i.e., epi6ote ampnidoiite kacieB.

Thin section examinations have revealed certain variations. When
the quartzite is very pure the quartz grains are interlocking, håving
sutured boundaries. When the percentage of the groundmass increases
the degree of rounding of grains can be determined ; it varies from sub
anZuiar to xveii roun6e6. The Zroun6maBB may consist of very fine
grained muscovite, quartz, sometimes chlorite, and sometimes some
calcite. Detrital grains are very predominantly quartz but microline,
plagioclase, perthite, hornblende, quartzite, and sericite schist have
been identified. The percerentage of opaques is consistently low. The
sorting is generally good and mav be excellent.

Inc Lomvann kormation i8variadie krom an impure <^uartxite in tne
nortn to a verv nne-Zraine6 Bnale in tne zoutn. In tne Boutn wnere it
couick poBBidlv viel6 moBt petroioZic information it i8pooriv expoBe6.

naB not deen BuMcient to cauBe tne Zrovvtn ok ZrainB
ok appreciadie Bi^e dv recrMaiii^ation. ?etroZrapnic examination ok
a tew BpecimenB naB reveale6 tnat tne dominant mineral are eitner
verv tme-Zrained c^uartx an6cniorits or yuart? an6muBcovite (Beri
cite). Otner mineral xvliicn are preBent inciucke plaZioclaBe, Bpnene,
opac^ueB an<s (rareiv) cardonateB.

Inc K^vaiBun6 kormation i8a verv tine-Zraineck cardonaceouB Biate.
81atv cleavaZe i8>vell 6evelope6. "lne proportion ok cardon an6tne
Kne Zrain Bi?e nave ma6e petroZrapnic Btu6v 6ikticult. Inc metamor
pnic Zra6e exnidite6 dv tne Burroun6inZ roc1(8 ot tne Hoimvann kor
mation i8tnat ok tne ZreenBcniBt kacieB. information odtaine6 krom
tne XvaiBund tormation contraveNB tniB.

Saltvann group.

Inc Baltvann Zroup comprißeß tnree kormationß ot Be6imentarv
rocl(8. Inc loweßt kormation i8tne Bteintjell arlcoßic Ban6Btone >vnicn
i8Zeneraiiv a pooriv Borte6Bometimeß conZiomeratic impure arl(oßic
Ban6Btone. Inc mi66le tormation 18 tne vjupeiv conZiomerate wnicn
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18 a neteroZeneou^ poorlv Borte6conZlomerate containinZ little ma
trix. lde m'Zneßt kormation 18 tne I^ißl(6vann kormation xvnicli 18 a
conZlomeratic arkoßic Ban6Btone ctiaracteri^e6 by pebbleß, cobbleß, an6
Bmall boul6erß almoßt exclußivelv ok one rock type.

The deposition of the three formations appears to have occurred
without anv major hiatus; the boundaries between formations are es
sentially arbitrary in detail. The boundary between the Steinfjell for
mation and the Djupelv formation does not follow a single stratigra
pkic or time line; due to lateral sedimentary facies change the forma
tional boundary cuts across time lines. The Djupelv formation thickens
towards the southwest at the expense of the Steinfjell formation.

"lne BteinkjeU tormation i8yuite variable, timeB it i8conZlome
ratio dut even 6iBcountinZ tniB tke Zrain Bi^e varieB krom conrBe to
me6ium Kne. Inc BortinZ, roun6inZ, an6Bpliericitv ot tne ZrainB 18
conBiBtentlv poor. >^t timeB tnere i8a tenckencv kor tne lonZeBt axeB ot
ZrainB to de rouZnlv parallel. "lne 6etrital traZmentB inclucke c^uart^,
plaBioclaBe, microcline, potaBBium tel6Bpar 6evoi6 ok twinninZ, per
tnite, an 6timeB Becon6arilv overZrown c^uartx on
6etrital qualt^ ZrainB or yuart-ite grainB i8recoZni^adle. ()uaN^ ZrainB
Zenerallv Bnow un6ulatorv extinction. Inc Zroun6maBB i8variable in
yuantitv an6Bome^vnat variable in mineralogv. Verv Kne-Zraine6 muB
covite, i.e., Bericite, i8alwavB preBent. dnlorite i8Zenerallv preBent an6
biotite, cnaracteriBticallv olive-6lab in color, 18 tre^uentlv preBent. It
appearB krom tnin Bection Btu6v tnat biotite, wlien preBent, i8juBt be-
ZinninZ to crMallixe. InuB, tne Bteinkjell kormation naB larZelv MBt
reacneck tne biotite iBoZra6. Bteinkjell tormation naB un6erZone
metamorpm'Bm ot tne Barne Zra6e a8tne ackjacent rocl(8 ot tne Holm
vann kormation. Oepen6inZ on tne Bclieme ok claBBitication UBe6, tniB
repreBentB tne bounckarv between tne ZreenBcniBt an6epi6ote amptii
bolite tacieB (Lartli, 1952, p. 337), tne upper part ot tne ZreenBcniBt
tacieB («.amberZ, 1952, p. 144), or tne mi6-portion ot tne ZreenBcniBt
tacieB (Turner m ryke, lurner, an6VernooZen, p. 223). In tniB caBe it
i8probablv moBt informative Bimplv to note tnat tne biotite iBoZra6
waB jiiBt reacneck by large portionB ok tne tormation vvtiile tne remain
6er muBt nave been jiiBt belo>v tliiB Zra6e ot metamorpm'Bm. Inc Bamp
leB were not talcen >vitli tne aim ot pin-pointinZ tne poBition ot tne
iBoZra6, but it appearB to correlate xvitn tne BtratiZrapnic level. Hovv
ever, xvitnout ZOO6 BtratiFlapnic marker be6B or 6etaile6 Btu6ieB ok
tniB problem tw'B BuZZeBtion can not be veririeck.
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The Djupelv conglomerate overlies the Steinfjell formation. It is a
heterogeneous polymict conglomerate containing a large range of peb
ble, cobble, and boulder sizes. It consits predominantly of pebbles,
most of which are greenstones and greenschists, and of only a minor
amount of a coarBe, sandy matrix. IniB can UBuallv be Been as inter
stitial filling between the fragments and an otten discontinuous line of
sand-sized grains separating fragments. The rock has suffered sufficient
compression and shearing to have very significantly deformed the less
competent fragments. These may even de streched out to (in cross
section) appear as elongate folded streaks. In addition there are more
coinpetent traZrnentB wnicn may be eBBentiallv rounck, BiiMlv elonZate,
crac:lce6, slightly folded, etc. All gradations between the extremes are
represented. Study of tne pnotoZrapn (fig. 10) of a Ba>ve6 Burtace Bnoul6
provi6e tne deBt appreciation of tne cnaracter of tne conZiomerate.
The percentaZe of incoinpetent traZmentB xvnicn nave Bussere6 extreme
deformation is so high tnat except on a sawed surface or very favorable,
slightly weathered, clean surfaces, it appears to de a conglomerate
with a fine-grained dark matrix. In the field this can best de seen not
to be the case by examining overhanging, slightly weathered surfaces.

I^ne varietv ok tvpeB ok rock traZinent8 18 conBi6eradle. Incw6e6 are
a varietv ok ZreenBtoneB an6ZreenBcniBtB, niicroporpnvrv, vein yuart-,

jaBper (in kact all Zra6ationB trorn wliite to cieep droxvniBn
re6 crvptoclVBtalline Bilica), liineBtone, an66ololnite. "lnere naB alBo
deen Boine recrvBtallixation ok yuart-, it appearinZ in preBBure Bna6owB
ok coinpetent kraZrnentB an6a8Bmall veinB MiinZ crackB in coinpetent
traBinentB, an6ok tne cardonateB >vnicn M interBticeB an6Binall veinB
alonZ xvitn

Lxainination ok tnin BectionB BnowB tne mineral aBBerndlaZeB ot tne

inajoritv ok tine-Braine6 rock kraZlnentB to conBiBt ok Bonie coindina
tion ok cniorite, rnuBcovite, quart/, Bericiti^e6 an6BaiiBBuriti^e6 piaZio
claBe, Bpnene, an6opac^ueB. "lne Zroun6niaBB conBiBtB ok traZrnentB ok
yuart^ite, c^uartx ZrainB, Bericiti^e6 an6BauBBuriti^e6 plaZioc!aBe, cnio
rite, rnuBcovite, an6cardonate(B). Inc aBBeind!aZeB wouick colleBpon6
to tke ciuart^-aldits-inuBcovite-cniolite BudkacieB ok tne ZreenBcniBt
kacieB (lurner'B terininoioZv). Liotite 6oeB not appear to nave deZun
to korrn; tne diotite iBoZra6 6oeB not appear to nave deen reacned.

Inc conZioinerate, i8tne niZneßt korrnation ot tne
Baltvann Zroup, 18 cnaracteri^e6 dv containinZ, in a!inoßt all expoßu
reß, onlv one type ot peddle. "lne Zroun6maßß i8a tairlv well-80lte6
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medium sand-sized arkosic sandstone containing poorly rounded
grains of low sphericity of quartz, microcline, perthite, myrmikite,
plagioclase (sericitized and saussuritized and apparently now albitic),
quartzite, opaque grains, and zircon (?). A small amount of sericite
matrix is present.

The rock type of the purple colored pebbles which are abundant in
the conglomerate is fine-grained porphyry. In it are stubby lath-shaped
plaZioclaBe cr^BtaiB set in an extremely fine-grained groundmass. The
groundmass consists of plagioclase, quartz, and opaque minerals. The
rock is evidently a volcanic rock; no counterpart to it has been observed
in the Holmvann formation.

No information indicative of the exact gråde of metamorphism of
the Fiskevann formation has been obtained, though it is evident that
the metarnorpnic: gråde is low.

Intrusive rocks.

The intrusive bodies consists of three subdivisions, gabbroic (in
cluding doleritic), ultrabasic, and trondhjemitic. Gradations between
the first two are possible and the boundary lines drawn between them
on the map are then approximate. Most commonly in the field the
ultrabasic bodies can be recognized by a rusty reddish weathering sur
face. Fresh surfaces are very dark. The gabbroic intrusives have dark
weathering surfaces and may be impossible to distinguish from sur
rounding greenstones and greenschists from any appreciable distance
in the field. The trondhjemite intrusives have very light colored wea
tnereck BurkaceB. All of the intruBiveB tend to form topographic highs,
but there are exceptions.

ok tne intruBive do6ieB nave BuKere<s rnetainorpniBrn at lov/ Zra6e
correBpon6inZ to tnat ok tne Burroun6inZ rocl(8. Inc 6eZree ok re
clVBtalli^ation accornpanvinZ tne inetarnolpniBrn naB not alv/avB deen
cornpiete, altnouZn unaltere6 re!icB are never toun6. ok
original conBtituentB na.B alwavB deen 80 extenBive a.B to rna^e poBitive
i6entikcation ok tne original mineral 6ikkcult, an<s preciBe pin-pointinZ
ok poBition in a Boli6 Bolution BerieB (i.e., plaZioclaBeB, ortno- an6
clinopvroxeneB) impoBBidle. I^ne alteration pro6uctB are alv/avB kne-
Zraine6.

I6entitiadle original conBtituentB ok tne gaddroic intruBiveB are pla-
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ZioclaBe and pvroxene or nornd!en6e. The p!aZioclaBe is always severely
altereck due to BauBBuriti^ation and Bericiti^ation. The pvroxene is also
severely alteret. Both ortho-pyroxene and clinopyroxene have been
identified as original constituents though never have both been recog
nized in the same specimen. At times only a relict shape rernainB and
in these cases hornblende as the original constituent cannot be ruled
out, but the presence of primary hornblende has not been verified.
The commori alteration products are tremolite, serpentine, chlorite,
epidote, sericite, and tale (?). Opaque mineral are always present.
Late quartz veins are sometimes present. In one doubtful case a schis
tose rock which may have been part of a gabbroic intrusive or may
nave been part of the supracrustal Holmvann formation the mineral
garnet, biotite, and chlorite were identified as metamorphic products
along with quartz and plagioclase.

Inc ultradaBicB nave a cnaracteriBtic re66iBN Burkcial alteration krom

vvnicn tnev can rea6ilv de recoZni^e6 trorn Zreat 6iBtanceB in tne 5e16.
Borne Btan6 a8ri6ZeB ari6 one, KO6IM (^ I^lountain), naB deen
nained kor itB coior. Otner cnaracteriBtic tiel6 teatureB are diockv joint
inZ, BiiZntlv roun6e6 Brnootn-line6 outcropB, a ringinZ a!inoBt inetailic
Boun6 wnen Btruclc dv a narnrner, an6Zreat touZnneBB rnakinZ Bainple
coiiection BtrenuouB an6re^uirinZ a neavv narniner an6BnorteninZ
tne like-tinie ot woo6en nan6leB. I^.elicB ok ortnopvroxene an6clino
pvroxene nave deen recoZni^e6. d^iot-Me cluBterB ok Berpentine nave
BuZZeBte6 tne previouB preBence ok olivine. Ho^vever, kor tne rnoBt part,
tneBe rocl(8 conBiBt ok tine-Zraine6 "inattv" Berpentine witn trernoiite,
trernoiite-actinoiite, cniorite, taic, an6rnaZnetite a8trec^uent pro6uctB
ok lnetamorpniBni. Borne aBBerndlaZeB, Buen a 8taic, Berpentine, an6
inaZnetite, nave BuZZeBte6 oriZinaiiv extrerneiv makc—eBpeciallv inaZ
neBiuin-ricn—oriZinai rocl(8. veinletB are not uncornrnon.

Inc troncknjeinitic intrußiveß are verv wnite in outcrop appearance.
In tnat tnev occur onlv in tne vicinitv ok Zaddroic intrußiveß an6tne
Itoirnvann torrnation tnev are eaziiv recoZni^e6 krom conßi6eradle
6ißtance. tnev are ickentical witn tnat coinnioniv 6iß

plave6 dv tron6njeniite or c^uart^-ricn kerrornaZneßian ininerai-poor
tonaiite. Hoxvever, decauße tron6n^ernite naß previoußiv in I^orwav
deen applie<s onlv to rocl(8 in tne <lale6oni(ieß, tneße rocl(8 are terrne<s
tron6n^einitic intrußiveß on tne map decauße tnev are delieve6 to nave
deen intru<sed prior to tne d!ale6onian oroZenv. Inc eßßential conßti
tuentß are piaZiociaze (oliZoclaße l^uart^, an6diotite ; acceß-
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Borieß are apatite, xircon, and rnaZnetite. In all Barnpleß tnere is evi
dence of brecciation and granulation with secondary development of
chlorite. Interstitial muscovite may or may not be primary. The pla
gioclase is somewhat sericitized and saussuritized. Quartz, at least, has
been partly recrystallized during or after the brecciation and granula
tion. The tectonic ckekorniation of the rock is beleived to be associated
with the overthrusting of the Caledonides.

The Caledonides.

The surrounding Caledonides closest to the tetonic window include
quartzose mica schists, mica schists and chlorite-rich schists. To the
west, as observed on the peninsulas between St. Lerrisfjord and Kors
fjord and between Korsfjord and Skillefjord, the metamorphic gråde
apparently increases and the rocks are gneissose. Study of the sur
rounding Caledonides has not been a part of this investigation.

STRUCTURE

Inc Btructure ok tne I^oinaZkjorck tectonic can de rnoBt eaBilv
revie>ve6 dv 6eBcridinB tnree Btructurallv conerent areaB an6oonBi6er
inZ tne re!ationBnipB detween tneBe areaB. Ike tnree råtner 6iBtinct
areaB are 1) tne nortnweBtern area in vvnion tne Zroup 18
toun6, 2) tne eaBtern an6Boutnern area ok tne kepparkjorck
an63) tne area BeparatinZ tne adove two, in vvnicn tne Baltvann Zroup
i8kounck. Ike relationBnipB detween tne ?recarndrian roc1(8 an6tne
Burroun6inZ dale6oni6eB wili de conBi6ere6.

Btu6v ok tne Btructural rnap (?late II) an6tne croBB-Bection 6iaZraiNB
(I^iZ. 13) will lnalce inoBt ot tne major Btructural keatureB vvitnin tne
area apparent.

Repparfjord group, NW.

Inc nortnweBtern area in wnicn tne Zroup i8kounck i8
partioulariv cnaracteri?e6 dv overtnruBt kaultB witn curvinZ kauit planeB
>vnicn are convex 6ownwar6B an66ip towar6B tne nortnweBt. Inc Bur
kaee trace ok tne kaultB i8Zeneraiiv concave towar6B tne nortnweBt. In
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the area between Kvalsund (G 1) and Nusseren (G-H 1) tnere is asym
metrical folding with axial planes dipping towards the northwest.

The movement involved in the thrusting has most otten occurred in
or adjacent to carbonate strata or talc-rich layers, apparently because
these least competent rocks provided planes of relatively easy move
ment. The reBult has deen to repeat the Btrata in outcrop Beveral times;
the greater the number of bifurcations of the overthrusts the more kre
c^uent the repetition. In part the bifurcations were so numerous and
closely Bpace6 that it has been impossible on the Btrucwral inap to
show the traces of the individual planes of moVement. Instead a zone
of closely spaced thrust faults has been shown.

The topography and drainage of tniß area is very strongly controlled
by the Btructure and assol-68 evickence upon which the Bti-uctul-a1 inter
pretation has been based. The valleys and streams tend to follow the
traces of faults or fault zones. The topographic highs tend to have stee
per slopes on their southeastern sides than on their northwestern sides.
The carbonate rocks, which, largely coincide with the fault planes,
tend to occur most frequently in valleys. Conversely, massive green

Fig. 14. Cross-sestion illustrating structures near northermost end of intrusives
at head of Boriselv (13).

Profil som viser strukturer nær nordenden av intrusiver ved Boriselv (13)

4. NGU



50

stones mostly undisected dv thrust faults form elongate topographic
highs such as Segelnesfjell (D-E 2-3), Middagstind (E 2-3), Høgfjell
(E-F 1-2), and Skinnfjell (E-F 2-3). The highest mountain within the
area, Skinnfjell at 718 m, has apparently resulted from tne elevation
of a massive block of Zreenztone of the ttoiinvann formation above the
predominant level of the Precambrian peneplain in conjunction with
the thrusting (see also p. 6 and p. 1 1).

Movement along the faults was towards the southeast. This is
substantiated by the shapes of the fault planes and the evidence of
radial tracturinZ of the massive, coinpetent Zreenßtone dloclcß (Bee p.
57). There appears to be some indication of the sense of the move
ment in tne rocks of the Saltvann Zroup, eßpeciallv near tne lake Her
manvann (D 4) as can be seen from croßß-Bection C-C (Fig. 13). The
asymmetry of the folds southeast of Kvalsund (F 1) as seen in section
B-B' (Fig. 13) and the regional interpretation of the movement of
the Caledonides (see Strand, 1960 and references cited therein, and
Geukens and Moreau, 1960) are consistent with this interpretation.
The regional inovenient of the d2ie6oni6eß i8 important as it is be
leived that the overthrusting within the rocks of the Repparfjord group
in the area being considered was caused by and was contemporaneous
with the over-riding of the Caledonides. The general antiform of the
Precambrian rocks constituted an obstruction to the over-riding Cale
donides with the result that the foremost (most northwesterly) portions
of the Precambrian rocks were 6i2ZZe6 along by the Caledonides, be

Fig. 15. Sketch of north wall of Skillefjord (A-B 8) at head of fjord.
Skisse fra nordveggen av Skillefjord (A-B 8).
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ing pulled up the curving thrust planes along which rupture occurred.
The consequent elevation of the Precambrian rocks and warping of
the Caledonide-Precambrian contact resulted in a shielding of the re
mainder of the Precambrian rocks. The structures within the Precam
brian rocks in other areas within the tectonic window are therefore
only to a minor degree (see Fig. 14) influenced by the Caledonides.

Repparfjord group, SE.

The structures within the remainder of the Repparfjord group are
in strong contrast to those just described from the northwestern area.
11ilU8t kaultß are uncommon except for minor thrust faults seen in the
southwestern part, from St. Lerrisfjord (C 5) and Boutnwar6, as illu
strated by the sketch (Fig. 15) of the north side of Skillefjord (A-B 8).

The croßß-Bection diagrams (Fig. 13) show the differences quite

Fig. 16. Step-like folding of Doggeelv formation. Photograph tåken towar^z BoutkweBtern
valle> wall of OoLgeelv (J4).

Trappetrinn foldning av Doggeelv formasjonen. Bilde tatt mot den sydvestlige dalsiden av
Doggeelv (J4) .
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clearlv. The kol6B are råtner open and frequently slightly asymmetri
cal with axial planes dipping towards the southeast. Small folds on
the flanks of larger folds may have long southeastern flanks and short,
Bnaliow-6ippinZ nortn^veßtern tlanl(8, rnakinZ a Icin6 of Btep-wiße as
cent of individual strata up the southeastern flanks of the major folds
(Fig. 16). Both of these observations are consistent with deformation
leßMinZ from a Bkear coupie in wnicn the upper Bnear vecror is directed
towards the northwest and the lower towards the southeast. Iniß is,
of course, exactly opposite to that which would result from deforma
tion in conjunction with the over-riding of the Caledonides. However,
it is the same kind ok deformation as is seen in other Precambrian rocks
in Finnmark (see p. 64 and Reitan, 1960).

Inc intruBive rocl(8 in tniz area croBB-c:ut tne Btratine6 BupracruBtal

roclcB (?iZ. 14) dut on nurnerouB occaBion8—altnouZn on a Bcale too
BniaU to de evickent trorn tne inap—Binall tol6B ok tne contactB detween
tne intruBiveB an6BupracruBtaiB rnav de Been to de paraUel to tne 6e
korination ok tne BupracruBtaiB. Inc intruBiveB tnerekore at leaBt partiv
pre-6ate tne 6ekorrnation in vvnicn tnev xvere involve6.

"lne tron6njemitio intruBiveB ((2-O 7-8) are drecciate6 an6nave
deen partiaUv recrvBtallixe6 6urinZ tne BnearinZ an6drecciation. Inc
6etorlnation xvnicn cauBe6 tne drecciation an6initiate6 tne recrvBtal
li^ation inav in tniB caBe nave deen tnat aBBociate6 witn tne over-ri6inZ
ot tne dale6oni6eB.

IneBe Btructural teatureB neip to 6ate tne intruBiveB relative to tne
Burloun6inZ BupracruBtaiB. Inc Zaddroick anck ultradaBic intruBiveB are
apparentiv partiv prior to an6/or conteinpolaneoUB xvitn 6ekolrnation
wnicn pre-6ateB tne (I^aieckonian ckekorrnation. Inc troncknjeniitic in
truBiveB pre-6ate tne da!e6onian 6ekorrnation vvnicn preBuinadlv cauBe6
tne apparentiv late drecciation.

It tnerekore appearB tliat tne BupracruBtal roc1(8 anck tne intru3ive
loclcB nave deen involve6 in a pre-llaieckonian an6prodadiv ?recarn
drian periock ot ckekorrnation a8weli a8tlie <2ale6onian 6ekorrnation.

Saltvann group.

Inc Baltvann Zroup occ:ul8 a8a delt BtretcninZ trorn
towar6B Qutßvikl(luinpen (<^ 4). It i8douncked on tlie nortn>veßt dv
overtnrußt rocl(8 ot ttie Zroup an6appearß to nave deen
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somewhat deformed in response to the overthrusting near this bound
ary. To the southwest the rocks of this group disappear under the
Caledonides and to the northeast are bounded by Repparfjord and,
as tnev do not reappear on the oppoßite side of the fjord, preßurnadlv dis
appear under tne Caledonides here, too, altnouZn tne contact is Bud
merged. To tne southeast they are separated from the rocks of the
Repparfjord group by a high angle fault (essentially vertical though
the 6ip varieß BiiZktl)< on dotn sides of the vertical). lniß kauit is a
fairly complex tear fault. The trace of the fault on the map would
apparent^ allow for littie Btrilce-Biip inoveinent. The Benße of the
movement along the fault cannot be determined in the field. For the
most part the kauit is not exposed, covered valleys coinciding with it.
However, wherever tne fault can be approacned cloßel^ it is possible
to collect mylonitized (and later partis recrystallized) samples. There
ore, the sense of movement indicated on the map (Plate I) and in the

croßß-Bectionß (Fig. 13) is conjectural, based on lithologic grounds
and regional correlations (Bee p. 21 and p. 64).

lnere BeeniB to de no poBitive evi6ence wnicn >voul6 Bupport tne
aklirrnation tnat tniB kauit occure6 in reBponBe to tne <lale6onian 6e
korination. lnere 18 eq^uaiiv littie in6iBputadle evickence conkrininZ a
pre-ll!ale6onian aZe. No^vever, it BeewB uniiiceiv tnat tliiB kauit >voul6
nave 6evelope6 in reBponBe to tne <^ale6onian ckekorination, wnicn
xvoul6 more Mciv nave pro6uce6 a tnruBt kauit. It i8tnerekore pre-
Burne6 to de pre-daieckonian, poBBidlv tne reBult ok a tenBional pnaBe
aBBociate6 witn reiaxation koiioxvinZ tne coinpre^ionai pnaBe >vnicn
cauBe6 tne pre-l^aiedonian koickinZ ok tne krecarndrian roc1(8.

lnere are Beveral anticlineB an6BvnclineB >vnicn tren66iaZonallv
acroBB tne delt ot rocl« ok tne Baltvann Zroup. lneBe 60 not 6eviate

BiZnikcantlv trorn tne tren6B ok tne kol6B in tne «.epparkjord Zroup
an6are verv Mciv tne pro6uct ok tne Barne pre-<2ale6onian BtreBBeB
xvnicn cauBe6 tne tol6inZ in tne keppartjorck Zroup. lne kact tnat Be
verai ok tneB6 kol6B are cut oss dv one or more ok tne doun6inZ kauit
lineB in6icateB tnat tnev pre-6ate6 tne kaultB, xvnicn iB, ok courBe, con-
BiBtent >vitn tne interpretationB propoBe6 adove.

In tne vicinitv ot MvervZZen (H-1 2) tnere are severai taultß (^iZ. 17;
veitan 1960). Ineße drancn trorn eacn otker an6tne "Bteni" i8cut oss
dv tne major nign anZie kauit. On tniß daßiß tnev are preßurne6 to de
oicker tnan tne major kauit tnougn it i8Poßßidle tnat tneße kaultß are
rninor dikurcationß ot tne major tauit an6conteinpolaneouß witn it.



54

1
m
r

o
r

V'»

A? o

r

!

ti
*

\4\4

3

•
E
o
o
o

i*
Vfc.il r

v > ooin/• \

° 5
a»

i rivXl
I

o

Uj
Q:

Uj
co
co

a:
Uj

o

o

Iql C 3

sis ° H

mil

[ /w

jWio

o

w

)

Zv

1 \

!^

l

Q
Z
LJ

LJ
_l

"S "5
w *

i? i: i? ,

Si jl || i

"« w S| gt =*
•"o, 5* el 2» 3^¦DO _i C o

"3 I^° 3" »-3"3 p* o % o-fe
°:^ -° iE <3 3°oio <l^ in v) zt sx7^ 5

/•lo
\v i

v\

o vi

t8 1



55

In eitner caße tne kaultß ars deieiveck to de pre-dale6onian an6, in all
prodadiiitv, ?recarndrian. "l?ni8 Bupportß conc!ußionß reacne6 (p. 59)
concerninZ tne aZe ok tne inineraii^ation at lllvervZZen.

Summary.

Inc Btructural odBervationB allow tns toliowinZ concluBionB to de
6rawn.

The Repparfjord group of rocks in the northwestern part of the
area have been thrust towards the southeast moving along fault planes
concave up>var6B and towar6B the nortn>veBt and 6ippinZ toxvar6B the
northwest. This thrusting was caused by and was contemporaneous
with the over-riding of the Caledonides. Therefore, the pre-Caledonian
distance between tne Repparfjord group rocks in this area and in the
southern and eastern arean, where the same group outcrops, was
Zreater tnan it i8 at present. BtratiZrapnic colrelationB rnuBt de con-
Bi6ere6 dearinZ tniB in rnin6. Although the 6iBtance of niovement is
unlcnown, wnat rna^ appeal to be råtner extreme depositional facies
changes from the present proximity (i.e., Kvalsund formation and
Doggeelv-Lomvann formations), were, at the time of deposition, app
reciably less extrerne.

In a66ition, tns Btrnctural odBervationB account kor tne BiteB ot
veinB dearinZ <2u-I^e Bulti6eB an6in6icate tnat tniB type ot vein 6epoBit
cannot de expecteck to decoine niore treq^uent or tne veinB larZer witn
increaBe6 6eptn (Bee p. 57).

Inc type ot cketorrnation ok tne Boutnern an<s eaBtern portion ok tns
rockB ot tne kepparkjorck Zroup cannot de expiaineck a8a conBe^uencs
ot tne d!a!e6onian oroZenv. tne Burroun6inZ da!e6oni6eB nave not
BiiKere6 tne Baine 6ekorrnation tne concluBion i8ineBcapadle tnat tns
?recarndrian rocl(8 were invoived in a pre-d^aie^onian perio6 ok 6e
korrnation >vnicn i8conBiBtent witn tnat koun6 in tne krecarndrian roclcB

ok kinnrnarkBvi66a (Bee p. 64 an6veitan, 1960) an6i8deiieveck to de
Xareiian.

Inc Btructural odB6lvationB aroun6 I^ivervZZen in roclcB ot tne Balt
vann Zroup in6icate tnat tns ckekorination waB pre-d!ale6onian an6tnat
tne 6iBBeniinate6 rnineraii-ation Bpaciallv aBBociate6 xvitn it i8mors
lilceiv aiBo prs-^aisckonian tnan conteinpolaneouB >vitn or akter tne
<I!ale6onian oroZenv (Bee p. 59).



LQONOIVII^ GEOLOGY

Klo Bpecial empnaBiB naB deen piaced on tne metailic or non-metailic
depoBitB ot economicaiiv vawadie tvpeB during tne courBe ok tniB in
veBtiZation, altnouZn tneir preBence and ZeoioZica! environment nave
deen noted and BampleB nave deen coiiected. Borne ok tne BampleB were
Ziven to VokeB xvno ina6e a inineraioZical Btu6v ok tne tvpeB ok mine
raii^ation repreBente6 (VolceB, 1957).

Metallic deposits.

The metallic deposits are of copper-iron sulphides. Vokes (1957) has
distinguished two different parageneses which he called "the copper
paragenesis" and "the pyritic paragenesis". Within the Komagfjord
window the former is represented by the disseminated mineralization
known to be present at Ulveryggen, near Repparfjord, in the Stein
fjell formation. The pyritic paragenesis is represented by innumerable
small vein MinZB eBpeciallv coininon in tne Holmvann formation but
also known from the Doggeelv formation and the gabbroid intrusives.
Typical of tniB type of deposit, but of larger dimensions than are com
mon, are the deposits at Bratthammer mine, the Porsa mines, and
Bachkes mine.

tne 6epoBitB ok tne pvritic paraZeneBiB are 6iBtinct
veinB ok clearlv limited extent and verv commoniv ok lenB-lilce korm.

Inc Bulpni6e mineral are pvrite and cnaicopvrite ; tne ZanZue i8cal
cite and czuart^; maZnetite mav de preBent in Bmall amountB. Inc 8e-

ot crMaiii-ation ok tne ore mineral i8pvrite and maZnetite,
tolioxved dv cnaicopvrite (VolceB, 1957).

Inc depoßitß in tne vicinitv ok tne ?orßa mineß at (^rudevann, in
cludinZ Lacnlceß mine, are in veinz wnicn are eßßentiallv perpendicuiar
to tne main Btructureß in tne area. Inc Zenerai Btrilce ok tne locl(8 i8
I>sL-B>V witn dip. ca. 50° I^l>V and tne veinß Btrilce eßßentiallv L-^V
at tne ?olßa mineß and adout at Lacnkeß mine. "l"nev are adout
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vertical an6lenß Bnape6 on tne Burkace; mine rnapß an6reportß in6i
cate tnat tnev decorne tninner xvitn 6eptn. Inev appear to de cracic
tiliing 6epoßitß.

The Itoiinevann formation detween (^rudevann and Kvalsund is
characterized by high angle thrust faults or reverse faults which oc
curred in the domed-up Precambrian rocks as the Caledonides over
rode (see p. 50). The mountains Segelnesfjell, Middagstind, Midtfjell,
Skinnfjell, Høgfjell, and Langvassfjell, consist of massive greenstone.
The mountains are separated by valleys in which occur the carbonate
rocks, quartzites, and some talc-rich schists and greenschists. These
valle^B i-epreBent the zones of major reverBe kauitinZ, eBpeciall> the
carbonate rocks being good lubricants along planes of movement.
The fault-lines are characteristically arc-formed with the center of
curvature to the northwest. The massive, volcanic greenstones form
ing tne mountains were also slightly bent along the same kind of arcs
during the movement upward and forward and were therefore sub
jected to tenBion adout paraiiei to tne Btrike tnrouZnout the outer por
tions of tne are. In relatively competent rocks Bucn as tne ZreenBtoneB,
tniB resulted in cracks essentially perpendicular to the strike which
xvere filled witn conBtituentB of the fluid pnaBe, tnuB forming tne mine
ralized veins.

tne inain reverBe kaultB are curvinZ kaultB vvnicn decoine Katter
witn 6eptn one cannot expect tne tenBiona! openinZB to decoine
witn 6eptn—råtner juBt tne oppoBite—nor can one expect tnern to
continue to Zreat 6eptriB. (Inc veinB in tne ?orBa inineB na6tninne6
krom 10 rneterB droad at tne tnic!ceBt at a 6eptn ok 12 rneterB delow
ttie Burkace to 3 rneterB droack at 75 rneterB deio^v tne Burkace kor "<3renn
ville" vein, an6krom 11 ineterB droa6 near tne Burtace to ca 2 rneterB
at 96 ineterB delo>v tne Burkace kor "?aralell" vein. Inc lenZtn ok tne
veinB aiBo ciiininiBneci witli deptn.) tenBional cracl(B >voulci korin
>vnerever tne tenBion excee6e6 tiie BtrenZtn ot tne rocl(8, one cannot
expect to tin<s a principai vein—a "inottier lo6e"—trorn >vnicn tne
known 6epoBitB are rnere oss-BnotB. Inc dekorrnation waB ok a type
xvnicn vvouici leaci to tne torrnation ok nuinerouB relativeiv Binall cie

poBitB; a 6iBperBion ok tne rnetaiB ok tne ore torininZ sui6B råtner tnan
a concentration at anv one or a kew BiteB.

The above evaluation based on knowledge gleaned from the re
ports in the archives of Norges Geologiske Undersøkelse and from the
interpretation of the struetures in tne area which developed from the
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regional ZeoloZical mappinZ doeß not oKer anv kope tnat tlie Icnown
depoßitß could de prontadlv re-opened kor mininZ or tliat anv unlcnown
depozitß ok BiZniticance remain to de kound.

Inc kormation ot tlie depoBitB waB undoudtedlv contemporaneouB
xvitti tne daledonian oroZenv.

The mineralization of the copper paragenesis occurring in the Ko
maZkjord window is located at Ulveryggen. The dominant texture of
the inineraii^ation is one vakere the Bulplii6eB occur as scattered patches
or grains interstitial to the clastic grains of the country rock. The sizes
of the patches varies considerably, from about 5 mm and down. The
grain size ok the sulphides is generally less than 1 mm. Veins and vein
lets generally less than 1 cm wide and generally filled by sulphides cut
in all directions through the sandstone. At times the mineralization
is so finely disseminated that even with the help of a 10 power magni
fying lens it is impossible to ickentik^ mineral t^peB or make any esti
mate of the gråde of the ore. Bucli BampleB ma^, however, xvnen ass
ayed prove to be among the richest in Cu which can be found (personal
communication, C. W. Archibald, Invex Corporation).

ilie area ok lcnown minerali^ation on I^lvervZZen 18 locate6 adout
rouZniv in tne center ok tne map, kiZ. 17. It 18 rouZniv eliptical in Bnape,
adout 1700 meterB lonZ an6400 meterB droa6. tniB area are
2oneB ok lo>v-Zra6e mineraii^ation wriicn are Beparate6 dv darren or
virtuaiiv darren Ban6Btone.

mineraiixation appearß to de reiateck to an area ok particuiariv
intenße kauitinZ an6BnearinZ (Bee I^iZ. 17; veitan, 1958). Bpacial
reiation mav de kortuitouß (Bee 6ißcußßion later, p. 61, on tne reßultß
ok preiiminarv Zeocnemical proßpectinZ in tne area). Ik, nowever, tne
minerali^ation i8contempolaneouß v/itn tne kauiting Bpaciallv aßßO
ciated >vitli it, one naß Borne daßiß kor 6atinZ tne period ok impreZna
tion. Inc tolckinZ and kaultinZ i8cut otl dv tne kauit alonZ trie doundarv
detween tne Bteinkiell kormation an6tde Holmvann kormation. Iniß
meanß tnat tne tauitinZ witnin tne Bteinhell tormation in tne vicinitv
ok tne Icnown minerali^ation i8prodadlv older tlian tlie kault detween
tne Bteinkiell and Itolmvann tormationß. Itie kault detween tlie kor
mationß can, in turn, de lollowed to tne contact detxveen tne ?recam
drian rocl(8 and tne BurroundinZ d!aledonideß (near Hermannvann),
wliere it dißappearß under tne overtnrußt C!aledonideß. tliiß kault i8
an eßßentiallv vertical kault it doeß not appear to de related to tne kault
ing wnicli occurred in tne ?recamdrian rocl(8 at tne time ot tne dale
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donian orogeny (cfr. the faulting along Vargsund). This means tnat
this fault in all probability antedates the Caledonian overthrusting.
(See p. 53 for a more complete 6ißcußßion.) Therefore, the tectonic
activitv associated vvitli the minerali-ation appearß to ante6ate the
steep fault between the two formations which itself antedates the dale
6onian oroZenv. It is therefore pre-Caledonian and in all probability
Precambrian. Il the spacial relationship between the mineralization
and the tectonißlii is not simply fortuitous, then the mineralization
must be regarded as pre-Caledonian, probably Precambrian. Accord
ing to Vokes' (1957) description of the textures of the mineralization
and its relations to the detrital grains of the surrounding sandstone, it
6oeß not appear to be a syngenetic deposit, though it must be kept in
inin6 tnat tniß criterion i8 not 6ecißive as the Bulpni6eß ma^ have deen
mobilized since their deposition and tne textures accorckinZiv ino6ike6.

The mineralization at Ulveryggen is not eaßilv Been on the weatnere6
Burkaceß—eßpeciallv as tnere ÜBuaUv is 80ine licnen Zrowtn on tne
rocks and does not draw the attention of a geologist enZaZe6 in re
gional inappinZ. For tniß reaßon it waß 6eci6e6 to degin a program of
geochemical prospecting over the Steinfjell formation. The first Btep
in the plan to cover all of the exposure of the sandstone was tåken
during the summer of 1959 in co-operation with Statens råstofflabora
torium (State Raw Materials Laboratory), Trondheim. In that sum
mer 441 samples of stream sediments were tåken dv two men during
12 working days between July 15th and August 25th within an area
of about 10 km2 . The samples were analysed using Holman's method,
a Benii-l^uatitative analvßiß dv >vnicn tne eaßilv Boludle du is determined
(Holman, 1956). The analyses were made dv Statens råstofflaborato
rium under the supervision of Mr. Bjørn Bølviken. The map, Fig. 18,
shows the results of the analyses.

In tne area near tne mineB tlie reBultB Bnow verv liiZli yuantitieB ot
du in tne Btream Be6imentB, in6icatinZ ttiat tlie teelinique i8essective
in tne terrain. ?art ok tne reaBon tor tlie verv liiZn concentrationB near
tne mine i 8tliat mucn ot tne water in tne BtreamB comeB out ot tlie

mineB, an 6tlie Burtace area ot rock expoBe6 to xveatlierinZ—decauBe
ot tlie mine 6umpB—^iB extraol6inarilv niZn. Hovvever, in tlie nortn
weBtern part ot tlie area Bample6 moBt ot tne analvBeB Btiow anomo
louBlv liiZli du in tlie Btream Be6imentB. Inc 6rainaZe BVBtem involve6
liaB no connection witli tnat deloxv tlie mineB 80 tnere can de no yueB
tion ot contamination krom tne mineB.
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Unfortunately, at the time of writing, there has been no opportunity
to make a detailed examination of the rocks in tniB area since the
analyses were made. The program of geochemical prospecting of the
Bteinkjell formation naB aiBo deen interrupte6, dut it is planned tnat
it will be resumed along xvitn 6etaile6 ZeoioZical exainination of the
rock in the areas of anomolously Cu-rich stream sediments. Until such
time, no reliable and complete evaluation of the geochemical prospect
ing done thus far can be made.

The anomolously high values of tne northwestern part of the area
sampled come from BtreamB xvnicn do not dram the zone of unusually
great tectonization shown in Fig. 17 and spacially associated with the
area ok known mineralization. This may mean that the mineralization
has no Zenetic re!ationBnip to the tectoniBin. Hoxvever, Biippleinental-^
and more detailed investigations will have to be made before this <^ueB
tion can de 6eci6e6.

6epoBitB.

non-metailic 6epoBitB nave deen coinrnerciaiiv expioiteck >vitnin
tne area ok tne K^olnaZkjorck wincko^v. It naB deen devon6tne Bcope ok
tniB report to atternpt to Btu6v non-rnetailic 6epoBitB in Bukkcient 6e-
taii to 6eterrnine xvnetner tnev coul6 de ok econoinic intereBt. It i8aiBo
a type ok inveztiZation xvnicn i8outBi6e ok mv tiel6 ok coinpetence.

I^idlouB Berpentine (clinocnrvBotile) naB deen i6entike6 krom tne Ber-
pentinite do6v at ksckkM. >^t leaBt in cracl(B tnere occurB Bukkcientlv
lonZ-tider Berpentine tnat, ik tne c^uantitv i8Bukscient, it couick de ok
econoniic intereBt. Inere are nuinerouz tnorouZniv Berpentinixe6 ultra-
dazic do6ieB >vitnin tne area, nowever none i8tnouZnt to de anv more
prorniBinZ tnan tnat at ksckkjeii.

In VeBter6alen, tne vaiiev detween BeZelneBkjell an6
an6near LeritBjor6 verv taic-ricn BcniBt naB deen odBerve6. It i8un-
6oudte<slv connecteck >vitn tne revei^e kaultB cornnion in tne vallevB
in tniB area. tne huaiitv ok tne taic or tne 8i?e8 ok tne BoniBt
lenBeB >voul6 allow protitadie expioitation KaB not deen 6eterinine6.

"lne purpoBe ok tneBe corninentB i8not to Btirnulate nopeB dut oniv
to in6icate tnat tnere are <sepoBitB wnicn warrant inveBtiZation dv a
c^uaiilieck an6cornpetent ZeoloBiBt.
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Hiztttlical.

The main mining in the area has been carriecl out in tne coaBtal area
between Beritsjord and Grubevann. There are numerous small pro
spects from which a few tons of hand-sorted ore have been shipped,
mainly to the Kåfjord Mines near Alta.

The largest individual mine was the Porsa mine at Grubevann, dri
ven on t^vo parallel veinB, the 80-called "Grenville" vein and "Paralell"
vein. These were exploited from 1890 to 1910 and from 1924 to 1931
(reports on the Porsa area in the NGU archives). During the last work
ing period tne gråde was not higher than about 1 % Cv and the re
serves were estimated to be only a few thousand tons. The latter tew
vearB of operation were unfortunate fires caused much equipment to
be destroyed in February, 1926—and the fall ot copper prices in 1929
finally forced the mines to close down. Since then there has been no
mining activity in the area.

Lacnlcez waB worl(e6 trorn 1900 to 1906. Inc caicuiated pro
6uction (6erive6 trom verv incoinplete recor6B) >vaB adout 10,000 tonB
ok ore wliicn varie6 trorn adout 20 /^ to adout 2 X <^u. Ilie calculated
averaZe >vaB adout 5 <2u. IliiB i8akter tne prockuct krom tne mine
na6deen nan6-Borte6. Xvaltieini (1928, >s(il_l arcniveB) BavB tnat tne
proveck reBerveB are adout 400 tonB v^itn prodadie a66itional reBerveB
ok adout 300 tonB. Inc du content i8c^uite uncertain; one dore nole
in6ieateB tnat it inav de adout 3 to 6 /^ d!u.

Inc area ok inineraii-ation at DivervZZen waB tne odject ok conzider
adle expioratorv nork kroni 1903 to 1909. In 1907 tnere were 200 tonB
ok ore carted to tne Bea vvnere 80 tonB ot 10-15 /^ C!u concentrate xvaB
odtained an6Bnippe6. In 1912 tnere waB aZain Borne expioration dv
an LnZliBn Bvn6icate (no more Bpecinc inkorrnation in tne I^lOl^
cniveB). In 1956, 1957, an61958 Borne expioratorv >vorlc inciudinZ 6ia
inonck 6rillinZ waB 6one dv Invex (Corporation, Toronto, C!ana6a, dut
no reBultB ok tneir inveBtiZationB nave deen inacke pudiic. no time
naB reZuiar inininZ deen carried on kor an exten6e6 periock ok time.

C!oncluBionB.

Inc vein-tvpe ok 6epoßitß in tne Zreenßtoneß ot tne Hoirnvann kor
mation, 6epoßitß ot tne "pvritic paraZeneßiß", 6o not appear to otler
anv kope ok prontadie expioitation. Iliev are cnaracterißticallv l^uite
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Binall an6are not extrernelv ricn 6epoßitß. Nven tne larZeßt an6deßt
Icnoxvn 6epoßitß appear to de ok no econornic vawe.

"lnere 18 littie kope tnat new 6epoBitB ok an)" Bixe de koun6 in
tne kuture. "lne area 18 verv littie covereck dv veZetation an6aiiuviuin
an6tniB type ot 6epoBit 18 verv eaBilv Been in tne tiel6. It xvaB m^ ex
perience tnat virwaiix ever^ Binall Bulpki6e-deai-inZ vein in tne Itolin
vann korination naB deen noteck an6inveBtiZate6, at leaBt to tne extent
ok tnere navinZ deen expen6e6 a te>v dlaBtB ok 6vnainite.

Inc 6epoBit at MvervZZen, ok tne "copper palaZeneBiB",iBinole6ik
kcuit to evawate. It i8<^vite poBBidle tnat Belective inininZ on a Binall
Bcale eoul6 de protitadiv con6uete6. >Vnetner larZe-Bcale inininZ woul6
pav or not i8unicnown. InBukkcient evi6ence i8avaiiadie, at leaBt to
inc, to de adle to Bolve tne prodiern. Inc ckikkcultv lieB in tne preBenee
ok darren or virtuaii^ darren rock detween tne inineraii^eck lenBeB.

It i8conceivadie tnat a8vet un6iBcovere6 6epoBitB ot tniB type, 6iBB
eminate6 ininerall^ation in Ban6Btone, exiBt in tne Bteinkjell torination.
It 18 a type ot 6epoBit i8not rea6i!v note6dv a caBual odBerver.
It i8tnerekore mv opinion tnat tne entire area xvnere tne torrnation
cropB out Bnoul6 de BVBteinaticallv proBpecte6 ZeocneinicaUv. Inc
preiirninarv >vorlc 6one 80 tar in6icateB tnat tne "Btreain Be6iinent
inetno6" in tniB area. It anv anoinalouBlv niZn du vaweB ars
odtaine6 krom tne Btrearn Be6iinentB in anv area tnen a cornpetent Zeo
loZiBt Bnoul6 inalce a 6etaile6 Bw6v ok tne area concerne6. Buen a pro-
Zrain cou!6 de rapi6lv an6inexpeBnivelv eoinplete6. Inc inain 6ikk
cultv nnicn inav de eneountereck i8in ZettinZ Buitadle BampleB ok pro
per Zrain Bi^e trorn a nuinder ot tns BtrearnB. preBent it i8tne inten
tion ot (3eoloBiBlce in co-operation >vitn BtatenB
laBtokkladoratoliurn to conckuct Buen an inveBtiZation.

dOI^^LI.^^IOKB >VI^N OTHER AREAS

Inc ?recarndrian ot nortnern I^orv^av naB deen 6eBcride6 an6oor
relationB detv^een areaB nave deen attenipte6 eiBewnere, tne rnoBt re
cent deinZ dv veitan (1960; in preBB; Bee aiBo tne rekerenceB cite6 in
tneBe).

In tne adßence ot koßßil evickence an6rackiornetric aZe 6eterininationß,
atteinpte6 colrelationß detween areaß can de daße6 oniv on litnoioZic-
BtratiZrapnic and Btructural Birnilaritieß. tne inappinZ continouß
an6in Zreater 6etai1—an6tnere are Borne prodadiv critical areaß a8
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vet unrnappeck at anv Bcale—Zreater conndence coul6 de piaceck in cor
relationß. Qiven tne exißtinZ circurnßtanceß tne correlationß wnicn are

propoße6 rnußt de re^ardeck a8tentative.
A general stratigraphic sequence of the Karelian formations has been

worked out in Finland. In eastern Finland, according to Våyrynen
(1933), itisasfollows:

Kalevian phyllites and mica schists
s marine Jatulian; phyllites and dolomites

Jatulian Kainuan quartzite
Sariolian arkoses and conglomerates

great unconformity
(3ranite ZneiBB daBeinent

According to the studies carrie6 out by Harme (1949) in northern Fin
land the general sequence of the Karelian formations begins with
quartzites which are overlain by greenstones and slates with some
dolomites. The quartzites are correlated with the Kainuan quartzites
of eastern Finland and the greenstones and slates are beleived to be
equivalent to the uralite diabase sills in the Jatulian formations and
the Kalevian phyllites and schists.

Mikkola (1941) has called the Karelian rocks in Finnish Lapland,
which consist mainly of quartzites, mica schists, and basic volcanics,
the Lapponian formations. The overlying clastic sedimentary rocks ne
has called the Kumpu-Oraniemi formation.

In eaBtern linland two pnaB6B ok inovenient ok tne I^areli6ic delt
nave deen 6iBtinZuiBne6 (Vavrvnen, 1939). Inc nrBt, leBultinZ in råtner
moderate koidinZ, acte6 troin >veBt to eaBt. <^naracteriBtic: ot later rnove
inentB >vaB oveltrilUBtinZ krom tne nortn>veBt.

Inc cnaracteriBticB ok tne Xareiidic delt in linland nave reoentiv
deen Buininari^e6 dv Birnonen (1960).

In nortnern a Zenerai BtratiZrapnie Be^uence can de recoZ
ni^eck wnicn i8verv cornparadie to tnat reporteck in linland. (-neißßeß
are overiain dv c^uart^oße claßtic Be6iinentß (rareiv local daßal conZio
nierate, arlcoßite trequent near tne daße tnouZn k-inetaßoniatißin i8de
leive6 to account kor Borne ok tne kel6Bpar, an 6 >vnicn i880ine
tiine8 inicaceouß i8coinrnon) nnicn are in turn overiain dv a tniclc Be

c^uence ok Zreenßtoneß xvitn Zreenßcnißtß an6intercaiated cardonateß.
Ineße >voul6 correiate xvitn tne Lapponian torrnationß overivinZ daßal

Zneißß in nortnern linland, "lne Baine Zenerai Beciuence naß deen od-
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Berved in nortliern Bwe6en (?a6Zet, 1960, perßonat coinmunication).
It is quite possible that the greenstone-greenschist formations are of

variable thickness with the result that separated basins existed into
which quite variable though predominantly clastic sediments were de
posited with at least local unconformities between the Lapponian and
overlying formations. In northern Finland Mikkola (1941) called these
Be6irnentB the K^umpu-Oraniemi formation and 6eBCl-ide6 them as
coarse-grained arkosic quartzites and conglomerates.

In northern Norway the equivalents would be : in the western interior
of Finnmark the argillite and overlying sandstones, grit, and quartzite
of the Caravarre group (Holmsen, Padget, and Pehkonen, 1957); in
the vicinity of Alta and Talvik Geukens and Moreau (1960) have dis
tinguished two basins of sedimentation, the western containing, from
below, alternating quartzites, dark violet schists and stromatolite lime
stone, and grayish schists, and the eastern (described by Holtedahl,
1918, near Alta) containing calcareous schists, carbonate rocks, and
partiv BcniBtoBe Zrav>vacl(eB unckerivinZ moBtlv vioiet colore6 quart^itic
BcniBtB, Zravwacke, Ban6Btone, and quart^ite. In the X^ornaZkjor^ win
6oxv t>vo ba.BinB of 6epoBition are 6iBtinZuiBlie6. In tne noltnweBtern
daBinB oniv the Kvalsund formation is koun6 wnile in the eaBtern and
Boutnern baBin the DoZZeeiv and Loinvann korniationz are koun6. The
rocks of the Saltvann group may represent still another basin of de
position, though the stratigraphic position of these rocks rernainB un
certain (see p. 21).

InuB it appearB tnat tne Hoiirivann korrnation can be correiateck >vitn
tne upper portionB ok ttie I^apponian kormationB ok nortnern I^orvvav,
?ini2n6, an6Bwe6en an<s ttiat ttie l^vatBun6, DoZZeetv, an<s I^oinvann
korrnatioNB, an6probabiv tne Baltvann Zroup, are ttie BtratiZrapnic
ec^uivatentB ot a varietv ok litnoioZic tvpeB wnicn were 6epoBite6 in
Beparate baBinB upon ttie I^apponian korniationB an6are noxv preBent
oniv in a kew placeB in nortnern

510 atternpt witi be rna6e tiere to correiate witti tne roc^B overtvinZ
tne ZneiBBeB in eaBtern I^innnialic, a8Bucti attemptB are verv uncertain
(Bee LuZZe, 1960; veitan, 1960, in preBB).

Inc ?reoarnbrian koickinZ in tlie win6o>v i8in cornpiete
accord >vitn tne Xaretian BtluctuleB koun6 by Vavrvnen (1933) an6by
HolrnBen, ?a6Zet, an6ketiiconen (1957) (Bee veitan, 1960, in preBB)
an<s BerveB to BtrenZttien ttie 6eZree ot conti6ence xvtiicli can be ptace<s
in tne correlationB vvnicti tiave been BuZZeBte6.

5. NGU



SAMMENDRAG

Komagfjord-området ligger i Vest-Finnmark mellom 70° 10' og
70° 31' nord og 12° 40' og 13° 50' øst Oslo meridian. Det omfatter
deler av fire forskjellige kartblad: Hammerfest, U.3, Repparfjord, V.3,
Komagfjord, U.4, og Stabbursdalen, V.4 (se også fig. 1). Områdets
grense mot syd og sydøst følger meget nær Riksvei 50. 1 nord-nordvest
og vest følger den kysten. De indre deler er tilgjengelige bare til fots.

Området er et tektonisk vindu. På kartet ser man at prekambriske
bergarter er omgitt av overskjøvne kaledonske bergarter. De først
nevnte er nær beslektet med de prekambriske bergartene sønnenfor i
Alta-Kvænangen-vinduet (Holtedahl, 1918, 1953, Zenzen, 1915, Geu
kens og Moreau, 1958, 1960, Reitan 1960). De prekambriske bergar
tene i begge vinduene har tidligere vært kjent som Raipas-formasjonen
(navnet gitt av T. Dahll etter Unne Raipas ved Alta), men p.g.a. de
nye formasjoner og grupper som oppstilles i nærværende arbeide, fore
slås det a bruke betegnelsen Raipas-suiten (se Anonymous, 1961). In
nenfor Komagfjord-området er det to grupper, Repparfjord-gruppen
og Saltvann-gmppen. Aldersforholdet mellom disse er usikkert, men
det antas at Saltvann-gruppen er enten yngre enn eller ekvivalent med
den øverste delen av Repparfjord-gruppen. I begge grupper, som utvil
somt er pre-kaledonske og sannsynligvis prekambriske, finnes yngre
intrusiver.

I Raipas-suiten innenfor Komagfjord-området finnes følgende for
masjoner og bergarter: Den nederste formasjon i Repparfjord-gruppen
er Holmvann-formasjonen, en serie mørkt grønn-grå suprakrustale vul
kanske og sedimentære lag i den nordlige delen av området, med noen
karbonat- og kvartsittlag. I nordøst, øst og sydøst har en Doggeelv
formasjonen, stort Bett en ganske ren kvartsitt, som overligger Holm
vann-formasjonen. Øverst kommer Lomvann-formasjonen, en leirskifer
som i nordøst er sandrik med overgangskontakt mot Doggeelv-forma
sjonen. I øst og sydøst er leirskiferen mere finkornet med skarp kon
takt (og med konglomerat enkelte steder) mot den underliggende kvart
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sitten. I nord, i nærheten av Kvalsund, har en Kvalsund-formasjonen,
en svart, kullstoffrik leirskifer som hviler på Holmvann-formasjonen
uten mellomliggende kvartsitt.

Saltvann-gruppen består nederst av Steinfjell-formasjonen, en felt
spatrik sandstein med intraformasjonale konglomeratlag. Den viser
overgang oppover til Djupelv-formasjonen, et sterkpresset konglome
rat som hovedsakelig består av grønnstein- og grønnskifer-boller med
litt grovkornet, sandig grunnmasse. Øverst er Fiskevannformasjonen,
en konglomeratisk feltspatrik sandstein som inneholder mange, meget
karakteristiske, mørke mikroporfyr-boller.

To deformasjonsperioder kan ettervises. Den første er pre-kaledonsk
og sannsynligvis prekambrisk. Den sees best i de østligere delene av
området (fig. 14 og 16) hvor foldene tyder på trykk fra sydøst. Den
yngre deformasjonen står i forbindelse med kaledonske bevegelser.
ven iakttas best i den nordvestlige delen av området som er karakte
risert ved flere overskyvninger mot sydøst. ve prekambriske bergarter
i nordvest ble skjøvet opp og mot sydøst langs buete skyveflater. Re
sultatet er at prekambrium står høyere over havet i nordvest (f. eks.
Skinnfjell, 718 m 0.h.) enn noe annet sted innenfor området (se fig. 2).
Saltvann-gruppen viser merker etter kaledonsk deformasjon langs nord
øst grensen (Fig. 13) og etter tidligere deformasjon omkring Ulve
ryggen (fig. 17, Reitan, 1960).

innenkor ornra6et varierer kra nsv ZrsnnBtciker
kacieB til lav epi6ot-arntidoiitt-tacieB (etter Vartli, 1952, oZ
1952) eller ZronnBlcikel-kac:ieB til alrnan6in-arntidoiitt-kac:ieB (etter lur
ner, 1958). ver KnneB rnineraiBelBl(apel Born er tvpiBlce kor IcvartB-aldit
rnuBl(ovit-I(iorit-Budkac:ieB oZ lcvartB-aldit-epi6ot-diotit-Budkac:ieB av
ZrsnnBl(iker-tacieB oZ kor Btaurolit-l(vartB-BudkacieB av alrnan6in-arM
dolitt-tac:ieB (lurner, 1958). ven nsveBte rnetarnolkoBeZra6 KnneB lanZB
et delte Born Btreldier BeZ tra Lrei6alBelv (li 4) tordi 6en overBte ckelen
av Lat6aiBelv, Lrei6aiBelv (<3 5), oZ til Brna
nauZene. ven laveBte inetainolkoBeBra6 snneB dåre i 6en nor6liZe 6elen
av ornra6et. <3rovt Bett nar man en Bone-or<sninZ rne6 BtiZen6e rneta
rnorkoBeZra6 mot Bv6 oZ Bv6sBt. lBoZraclen Bom Blciller lcvartB-aldit
rnuBcovit-Iciolit-BubkacieB (i nor6) kra livartB-aldit-epi6ot-diotit-Budka
cieB (i Bv6) Zar omtrent Zjennorn XlaklceZZen (v 4) oZ (FXnocolcjavre
(13).

I^oppel-ielNßulti6 rnineralißerinZ er rneZet alminnelig innenkor X^o
maZkjord-omradet. ver torelcommer to aßßoßiaß^onßtvper, «Klopper
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paragenesen» og «kisparagenesen» (Vokes, 1957). Den første sees på
Ulveryggen ved Repparfjord, og den andre finnes i mange små ganger
gjennom hele området, særlig i Holmvann-formasjonen. Kisparagenese
finnes ved Bratthammer, Porsa og Bachkes gruver. Disse forekomster
er større enn vanlig for denne type. «Kisparagenesen» forekommer i
vel avgrensete ganger, vanligvis linseformete. Mineralene er svovelkis
og kopperkis med kalkspat, kvarts og muligens litt magnetitt.

Forekomstene ved Porsa står loddrett på strøket. Strøket i nærheten
er ca. NØ-SV med fall ca. 50° mot NV. Gruvekartene viser at gangene
blir tynnere mot dypet. De ser ut til å være BprelclcekvllinZer. Som sagt
før er Holmvann-formasjonen omkring gruvene karakterisert ved for
holdsvis steile skyvninger med buete Blivvesater, som i dagen er kon
vekse mot SV. Under skyvningen ble de ganske kompetente grønnstei
nene bøyet, hvorved oppsto tensjonssprekker. Disse ble fylt med me
tallførende løsninger, hvorav kismineralene krystalliserte. Skyveflatene
blir planere mot dypet og derfor kan man ikke vente at de gjenfylte
sprekkene vider seg ut nedover — tvert imot, de blir tynnere og må
antas å vinne på ikke særlig stort dyp. Siden deformasjonen var
fordelt over flere blokker og disse grønnsteinsblokkene sprakk alle
steder hvor tensjonen ble stor nok, må man videre regne med at mine
raliseringen er fordelt over mange små ganger. Man kan således ikke
vente å finne flere store gang-forekomster innenfor området og det kan
ikke ansees økonomisk forsvarlig å sette igang drift på de nedlagte
gruvene.

«X^oppelparageneBen» er iijent Bom Bpre6t mineraiiBering av Btein
kjell-kolmaBjonen pa Ulvervggen (kg. 17), innenkor et område ca. 1700
m langt og 400 m dredt. Boner er adBi(ilt ved umineraliBert
BandBtein. Det Ber ut Bom om mineraliBeringen muligen3 er kordundet
med koricaBtninger og tornoidBviB Bterl(e B^XrdevegeiBer (veitan,
1958). I 8a tall er det, Biden denne dekormaB^onen er pre-1(aledon8l(,
meBt BannBvnlig at inineraliBeringen er pre-lcaledonBic og muligenB pre
icamdriBl(.

I Bamardeid med BtatenB raBtokkladol2torium die geoicjemiBic proBpel(
tering padegvnt Bommeren 1959. I^or a prove den valgte metoden die
et iite område omkring Divervggen underBoi(t. I^eBultatene tyder pa
at metoden godt kan drukeB Belv i BnaukjeliBomrader (lite vegetaBjon).
Da mineraliBeringBprodul(tene i BandBteinen delviB er ulivre kinkornete
og vanBkelige a Be, andetaleB det at Btsrre deler, BNrlig av Bteinkiell-kor
maBjonen dlir underBsl(t ved geokjemiBlce proBpektering.
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Så vidt man kan dømme av undersøkelsene hittil er det meget mulig
at gruvedrift på Ulveryggen i liten skala kunne lønne seg. Den umine
raliserte sandsteinen som adskiller de mineraliserte soner utgjør en
vanskelighet.

Det er mulig at det finnes flere mineraliserte områder i Steinfjell
formasjonen enn de som er kjent på Ulveryggen. For å undersøke dette
burde det foretas systematisk geokjemisk prospektering sammen med
mere detaljert geologisk kartlegging i enkelte områder.

Arbeider i Finnland (Våyrynen 1933, 1939, Mikkola 1941, Harme
1949, Simonen 1960) og Finnmark (Holtedahl 1918, Holmsen, Padget
og Pehkonen 1957, Reitan 1960), tyder på at BtratiZraken og strukturen
i Komagfjordområdet kan korreleres med karelsk stratigrafi og struk
tur i de indre delene av Finnmark, i Nord-Finnland og i Sverige (Pad
get 1960, personlig opplysning) og Syd-Finnland.
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