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In tne summers of 1951—54 the writer with a number of young
assistants were engaged in geological mapping in the south-eastern
part of Helgeland. (Helgeland is the southernmost part of northern
Norway.) A preliminary report on the results of the work has already
been published (Strand 1955). The area mapped is a strip of land along
the Swedish border, about 25 km by 55 km, elongated from south to
north, situated between 65° 10' and 65° 40' N and contained within
the map quadrangels J 19, Børgefjell, K 19, Ranseren, J 18, Hattfjell
dal and K 18, Skarmodalen. See map, Fig. 1 in Strand 1955.

The main part of the area mapped is built of chiefly sedimentary
rocks, rnaini^ pnMiteB and inicaBcniBtB, of w^v inetarnorpnic gråde.
To the west these rocks disappear beneath a nappe of much more
highly metamorphic rocks, overthrust on them from the west. To
the east they extend into Sweden. The greenschists described here
belong to the complex of low gråde rocks and occur in a strati
graphic unit low in the sequence, the Rørvik Division, probably
equivalent to the Støren Group in the Trondheim Region of Early
Ordovician age.

65 ° 50' tne trace ok tne tnrußt-plane turnß to tne eaßt an6
croßßeß tne Bwe6ißN dor6er an6over a 6ißtance ok adout 50 Icin kurtner
to tne nortn tne cornplex ok low-Zracke rockß i8entirel> on Bwe6ißN
territor^. 66° 20'N tne trace ok tne tnrußt-plane an6tne low Zra6e
rocl(8 to tne eaßt ok it aZain enter I^orwax alonZ tne upper part ok
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Oun6erlan6B6alen. In 1956, at Xrol(Btran6 in Oun6erlan6B6alen, tke
writer exarnine6 a Bection acroßß tne vaiiev.

In the lower part of the section a short distance above the basal
ZneiBB of the I.onnB6al IvlaBBik tnere is a thick division of grey, feld
spathic quartz-schist. IniB is exposed in the extern side of the vaiiev,
the layers dipping in a westerly direction. In the western side of the
valley a division of limestone follows above the quartz-schist. Above
the limestone ZreenBcniBtB are found (No 19 in Table 2). The green
schists are immediately below the thrust-plane, that is, at the base of
the overlying thrust massif of high-grade rocks.

Petrography.

In geologic-petrographic terminology greenstone and greenschist
(and corresponding terms in other languages) designate gabbroid
rocks, most of which have suffered low gråde metamorphism and thus
beconie green in colour. In Norway these terms are almost exclusively
used for basic extrusive rocks of low inetaniorpnic gråde. It inav be
convenient to use the term greenstone for massive and competent
meta-basalts and meta-andesites and greenschist for incompetent
schistose rocks derived from tuffs of a corresponding composition.

To learn the chemical composition of the greenschists four speci
mens were selected for analyses. The analyses were made in the
chemical laboratory ok Norges Geologiske Undersøkelse (Geological
Survey of Norway). The writer is greatly in6edte6 to Mr. Lrvnjoik
Bruun, chief chemist of the Survey, who made tne analvBeB. The ana
lyses and modes of the rocks (Nos. I—are1 — are found in Table 1 at the
end of tne paper, together with descriptions of the rocks. Table 2 con
tains approximate modes of a number of other greenschists and asso
ciated rocks (Nos. 5—19),5—19), together with brief descriptions.

As alrea6v mentione6 the ZreenBcniBtB 6eBcribe6 nere occur in the
Rørvik Division, which is assumed to be contemporaneous with the
Støren Group in the Trondheim Region. Analyses of basaltic green
stones from the Støren Group in the Trondheim Region have been
published by V. M. Goldschmidt, C. W. Carstens and Th. Vogt (1945).*
In Vogfs paper a number of these analyses have been tabulated

* Greenstones from the Swedish part of the Caledonides, analyses of which were
published by Beskow (1929) and Kulling (1933), probadl? delonZ to a 8t!-2tj8lapkic hor
zon younger tkan the Støren Group.

8 — ngu
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(p. 468). There is a rather good agreement in chemical composition
between basaltic greenstone from the Hølonda Area (Vogt 1945, p.
466) and tne greenschist No. 3 in tniB paper. The ZreenBcniBtB Nos. 1
and 2 are more rien in Na, thus håving a spillitic tendency. With the
exception of No. 4 the analysed rocks are low in K content, which is
typical for the Norwegian Caledonian greenstones. The light green
schist analysis No. 4 is aberrant, being rich in K, with a high salic
percentage and with a surplus of Al.

There are BtronZ in6icationB tnat the BreenBcniBtB >vere 6epoBite6
as tussB. It is PoBBidle as weli as prodadie tnat 80IN6 80ltinZ of the
material, selective as to mineral and chemical composition, took place
during transportation. Thus the greenschists may differ in composition
from rocks conZe2ie6 from the rn2Zin2B tn2t 6elivere6 the tuff material,
and 2 further discussion of their composition may be futile. The very
low contentB of P in all of the four analysed greenschists may be
significant in this respect.

The analysed greenschists show great variation in the Mg:Fe pro
portion, from mg 0.41 in the iron-rich rock, analysis No. 1, to mg 0.59
in the light magnesia-rich greenschist, analyses No. 4. This character
is reflected in the colour of tne rocks, varying from a very dark green
in rock. No. 1, which i8 very rich in Fe, through light green to a light
colour in rock No. 4, very rich in Mg.

kurtner coinrnentB on tne cnernic2i cornpoBition ok 2 nuinder ot
tne roc1(8 >vill de reBerve6 kor tne ZeoloZic2i p2rt ok tniB p2per.

Ike roc1(8 6eBcride6 2re ok 2 lo>v Zr26e ok rnet2inorpniBin, 2n6
rnuBt de ci2BBe6 in tne ZreenBcniBt k2cieB or in tne lower p2rt ok tke
epi6ote-2rnpnidolite t2cieB. doun62rieB detween tneBe k2cieB N2ve
deen 6enne6 in 6ifferent W2>B d^ ckifferent 2utnorB. I^oiiovvinZ li.oBen
qviBt (1952) in uBinZ tne kel6Bp2lB 28 d2BiB kor ci2BBinc2tion, tne 2880
cwtion ot pure 2idite witk epi6ote or clinoxoiBite >vill pi2ce tne rocl(8
nere 6eBcride6 in tne ZreenBcniBt t2cieB. Ok otner rniner2iB reZ2r6e6 28
critic2i in k2cieB ci2BBinc2tion, diotite 2n6 cniorite 2re koun6 in 211
rocl(8 witn 2 Buit2dle colnpoBition. (>2rnet 18 2dBent trorn rnoBt ok tne
rocl(8, dut occulB in 2 ke>v ok tnein.

Zre2t nurnder ok minert k2cieß N2ve deen 6enne6 d> kerro-m2Z
neßi2n rniner2iß. In cnemic2i BMeniß invoivinZ kello-rn2Zneßi2n rnix
cr>Bt2iß tkere 2re ZOO6 re2BONB to 288unie tk2t pn2Be tr2Nßitionß >vill
t2ice pi2ce 2t 6ifferent ternper2tureß 6epen6inZ upon tne I^lZ^e
proportion in tne B>Btem. Iniß W25 einpn2Bi^e6 d)< (1945).
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kor tlie Barne reaßon (1952) reZarded kerro-maZne^an
mineral unßuitadle kor tlie dennition ok mineral kacieß. Ne propoßed
w daß6 tlie tacieß claßßincation on tne keldßparß, deinZ ttie inoßt Bimple
ctiemical BVBtem availadle and occurrinZ in moßt rocl(8.

lde ZreenBcliiBtB and ottier rocl(8 deBcrided nere delonZ to one
kacieB 28 detined dv tne aBBociation pure aldite — epidote. Lut tkev
contain dilterent aBBociationB ok kerro-maZneBian rnineraiB, tkat iniZnt
place tkern in niore ttian one kacieB a86enne6 d^ tneBe inineraiB.

In 1951 the writer described rocks with two different mineral
associations in a chemical cystem of SiO2 (in excess), H2O, A12O3 ,
(Mg, Fe) O, CaO and K 2O. The phase transition between the two
associations was written thus (Strand 1951 a, p. 87): Muscovite,
amphibole J (clino) zoisite, biotite, garnet, silica, water.

In tne above ec^uation tlie pnaBeB on tne lekt Bi6e nave a volurne
adout 5 per cent Zreater tnan tne pliaB6B on tne rignt Bi6e. It >vill be Been
tkat tne lekt Bi6e ptiaB6B contain more water, tlian tnoBe on tne riZnt Bi6e.

In tne rnuBcovite-ainpnidole aBBociation (lekt Bi6e aBBociation
Btadle) tne inineraiB rnentioneck rnav de aBBociate<s witn anv two ok tne
rnineralB ok tne riZnt Bi6e aBBociation, 6epen6inZ ok courBe, on ttie
cliernical cornpoBition ok tne roclc. In tne (clino) -o^ite-biotite-Zarnet
aBBociation tkeBe rnineralB rnav de aBBociate6 eitner witn rnuBcovite or

witk arnpkidoie. In accorckance witn an eariier pudiication dv
(1940) tneBe aBBociationB were conBi6ere6 to denne two different Bud
kacieB ok tne epidote-arnpnidoiite tacieB. tne BetB ok mineral
poBBidle in tne two aBBociationB juBt rnentioned occur in rocl(8 krom tne
Bel and VaZa rnap areaB deBcrided dv tne writer in 1951. Itie rninerai
kacieB ok tne rocl(8 in queBtion i8deterrnined dv tne aBBociation ok
plaZioclaBe, >^n 10, witn epidote or clino^oiBite. inuBcovite
arnpkidoie aBBociation waB interpreted a8deinZ tlie one Btadle at lower
ternperatureB, decauBe tniB aBBociation i8never kound in niZn Zrade
rocl(8, a8in tlie arnpnidolite kacieB proper.

In tne rocl(8 ok tne preBent area ttie lnuBcovite-arnpnidole aBBocia
tion i8Beldoni inet witli. In rocl(8 containinZ dotn lime BilicateB and
inica tne aBBociation epidote-cliiorite-diotite i8cornrnonix kound, witti
niUBoovite or arnpnidoie a8a kourtn mineral. In ttieBe roclcz clilorite
occulB inBtead ok Zarnet, end tlie eyuation kor tne ptiaBe tranBition mav
de written tkuBi I^luBcovite, amptiidole, water clino^oiBire, diotite,
clilorite, Bilica.

In ttiiß caße, wken tne Zarnet ti2B deen replaced dv clilorite, tne



116

volurneß are more neariv equal lor tne pnaßeß on eacn Bi6e an6tne
riZnt Bi6e pnaß6B are in tniß caße more rien in water tnan tnoße on tne
lekt Bi6e. Nven ik it de true tnat tne rnu^ovite-arnpnidole aßßociation 18
Btadle at lower ternperatiireß tnan tne epi6ote-diotite-Zarnet aßßocia
tion, 6it?erent con6itionß rnax prevaii wnen cniorite occurß inßtea6 ok
Zarnet at lovver rnetarnorpnic BtaZeß. In kact tne lnußcovite-arnpnibole
aßßociation i8IeBB 80lninon in tne roc1(8 ok tne preBent area tnan it i8
in tne roc1(8 ok a niZner nietarnorpnic Zrade in tne Bel an6VaZa area.

exarnpie ok low Zra6e rocl(8 witn tne rnuBcovite-arnpnibole
aBBociation i8koun<s arnonZ tne Be6irrientB in tne Va!6reB BparaZrnite
in Boutnern I^orwa^. Inc roclcz in <^ueBtion are areniteB ricn in Zadd
roi6 6etrituB witn aidite, arnptiidoie, rnuBcovite, epi6ote an6
cniorite, or rarei^, witli diotite inBtea6 ok cniorite. (Btran6 1938, p. 45,
1951 d, p. 31).

tne rocl(8 6eBcride6 in tniB paper tne epi6ote-cnlorite
diotite aBBociation occurB in roclcB >108. 1, 3, 5, 8, 11, 13, 17, anci 19,
tne inuBcovite-anipnidole aBBociation in tne roc!(8 >108. 4, 6, 7, 9, an6
18. Inc niuBcovite-arnpnidole aBBociation i8koun6 in liZnt-coloure6
ZleenBcniBtB an6in tne niicaBcniBt >10. 18. tneBe roc1(8 rnuBt de
rien in rnaZneBia, a8Bno>vn dx tne kaint colourB, or lack ok coiour in
tde arnpnidoleB anci cnloriteB. INUB tne concluBion i8v^arrante6 tnat
tne rnuBcovite-ampnidole aBBociation i8tavoure6 d> a niZn i I^e
proportion in tne rock. In one caBe tke epi^ote-cniorite-diotite aBBO
ciation occulB in a liZnt ZreenBcniBt (>lo. 8) evidenti^ ricn in dut
in no caBe naB tne rnuBcovite-arnpnidole aBBociation deen kounci in tne
roc1(8 reiativei^ ricn in iron.

In pnaBe tranBitionB in kerro-rnaZneBian mineral or in B>BteniB ok
Buen rnineraiB tne ruie BeernB to de tnat iron-ricn B>BtemB paBB to niZn
ternperature nio6ikcationB at lo>ver teinperature tnan 60 BMernB rien
in rnaZneBia. Ik tniB ruie can de a.BBurned to de vali6in tne preBent caB6,
tnen tne rnuBcovite-arnpnidole aBBociation rnuBt de tne low ternperature
mo6ikcation a8coinpare6 to tne epickote-cniorite-diotite aBBociation.
Inere BNOIII6 de littie reaBon to 6oudt tnat tne ?, 1-conciitionB were
nearl> tne Barne 6urinZ rnetarnorpniBm kor all tne roc!(8 6eBcride6 nere,
nor i 8it ver^ prodadie tnat tne water preBBure Bnoulcl nave 6issere6
arnonZ tne rocicB, tnuB deinZ tne cause ok tne 6isserent rninerai aBBocia
tionB rnet >vitn.

It >vaß nientioned in a prece6inZ Bection ot tniß paper tnat aßßocia
tionß ok kerlo-rnaZneßian rnineraiß are not >vell Buite6 kor tne cieknition
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ok mineral kacieß, decauße tne pnaße tranßition wili take piace at tem
peratureß varvinZ xvitk tne i I^e proportion ok tne B>Btem. Iniß 18
Bnown dv tne rockß ok tne preBent dißtrict, in vvnicn tne mußcovite
ampnidoie "tacieß" and tne diotite-epidote-cniorite "kacieß" are tound
toZetner. In Buen a caße, noxvever, it i8poßßidle to determine a point on
tne proportion Bcale at wnicn tne pnaße tranßition in yueßtion
talceß piace. In principie tne ?, 1-con6itioNß ckurinZ tne !netalnorpnißin
can tnuß de tixe6.

>^ kew optical 6eterniinationB ina6s ina> Zive in6icationB a8to tne
nature ok tne ainpnidoleB torine6 6urinZ tne nietainorpniB!N ok tne
rocl(8. Inc in6ex ok rekraction ot tne coinnion linie-bearinZ ainpniboleB
6epen6 larZely on two independent variadleB, tne I^lZ i I^e proportion
and tns anionuntB ot repiacinZ Bi. IkuB one ot tneBe variadleB can
de deterinined opticall> it tne otner i8 knoxvn. i8inade to
papelB ot I^oBlie (1945, diaZrani p. 76) and BundiuB (1946, diaZrain
p. 26). 'lne ainpnidoie in tne iron-ricn ZleenBcniBt, I^o. 1, i8not noino-
ZeneouB, tne index ot rekraction var^inZ in different ZrainB. 'lne reaBon
tor tniB lack ok koinoZenit^ Bnall not de diBcuBBed. >Ve Bnall talce v
1.690 a8tke rnean kor tne mineral. ?0l a memder ok tne actinolite
BerieB tniB index Bnould indicate a pure kerro-tremoiite. IniB i8ver^
improdadie in tne precent caBe, a8tne rock anal^BiB BnowB m^ 0.41 and
tne niZn rekraction Bkould tnuB indicate an aluminouB ampkidoie, even
it it 18 niZn in iron. In a diaZram ok iroLer (1952, p. 72) kor ampkidoleB
ot tne actinolite BerieB "vvitk tke UBual contentB ot BeB^uioxideB and
alkalieB" (tranBiated trom d-erman) a v index ok 1.690 correBpondB to
MF 0.20. In tne diaZramB ok koBiie and BundiuB kor ampkidoleB >vitn

repiacinZ 8i in proportion tne Barne index correBpondB to
«7F 0.35—.40, in reaBonadle accordance vvitk tne mF-value ok tne rock.

Inc ampnidoie in tne liZnt ZreenBcniBt, I>so. 4, KaB a low index ok
rekraction, -f 1.640. IniB indicatez a low content ok even ik tne
mineral i8ricn in

InuB tne roclcB ricli in iron contain alumineouB amptiidoleB, wkile
tniB doeB not Beem to de tne caBe >vitn tne rocl« ricli in maZneBia.
detmed dv itB alumineouB ampliidoie, tne iron-ricn rock Bnould tnuB
deionZ to a nikker kacieB tnan tne one ricn in maZneBia.

>^n expianation along tne Barne lineB miZnt de Ziven tor tne kact
tnat tnin laverB ok Zarnet-dearinZ rocl(8 are interdedded witn Zreat tnick
neBBeB ok rockB devoid ok Zarnet (rockB >108. 12—14). IVloBt prodadiv
tneBe rocl(8 are eBpeciallv ricn in iron and poBBidlv alBo in manZaneBe.
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Geology.
rnentioned in tne precedinZ part ok tniB paper tne ZreenBcniBtB

deBcrided nere are interdedded witn tne BedirnentB ok tne k.«3rvil( Oivi-
Blon (called tne OreenBcniBt-?nvllite OiviBion in tlie writer'B 1955
paper) and tnere can de no doudt wkatever ok tneir BupracruBtal
nature. Inc OiviBion KaB deen correlated >vitk tne Btsren Qroup
in tne Irondneirn keZion ok Larlv Ordovician age. IkiB correiation 18
3upporte6 d^tne numerouB intruBive do6ieB ok Berpentinite in tne rocl(8
ok tne Kårvik OiviBion, wnicn are not kound in tne overi^inZ, >ounZer
6iviBionB in tne Barne area. It i8v/eii eBtadliBne6 in rnan> partB ok tne

(^ale6oni6eB tnat tne BerpentiniteB are reBtricte6 to tne older
part ok tne Bequence ok Btrata.

'sne BedirnentB in tne ksrviic ViviBion are tine-Zrained pkxNiteB
and more coai^e-Zrained rnicaBcniBtB, Borne ok tnern calcareouB, and
quart^BcniBtB. Inc pnxlliteB are okten more or leBB caldonaceoUB,
tnere beinZ all tranBitionB krom Zre> pn^lliteB to dlaclc, niMx
donaceouB oneB. Ver^ okten tne ZreenBcniBtB are aBBociated witn tne
dlaclc pkMiteB. ZreenBc:niBtB occur a8nurneroB tliin laxerB dut
tnere are aiBo Borne kew ok conBideradle tnicl(neBB (20 up to 100 m)
tdat can de mapped over lonZ di3tanceB alonZ tne Btrilce. "lnex are
BNOWN on tne rnap, k^iZ. 1, in tne writer'B 1955 paper.

I^ne kollowinZ reaBoNB can de Ziven kor interpretinZ tne Zreen-
BckiBtB deBcrided a8metarnorpnoBed tuttB and not a8rneta-daBaltB.

'sne ZreenBcniBtB are tiBBile and incompetent rocl(8. In tliiB cnaracter
tnev are radicaiiv different krom undoudted meta-daBaltB ok tlie Barne

rnetarnorpnic Zrade. rneta-daBaltB are ver> kard and cornpetsnt
rocl(8 korrninZ tliiclc dencneB and wittiout anv apparent laverinZ or
Btratitication. ZreenBtoneB ok tniB t^pe occur in tne
BurloUndinZB ok tne (sielBvil( pvrite mine, to tne Boutn ok tne area
dealt witli nere.

In manv ot tne BectionB Btudied a diBtinct laverinZ tiaB deen odBerved
in tne ZreenBcniBtB, tnat BnowB up a8dandinZ on expoBed BectionB.
LiZnt dandB or Btreal(B can de Besn, and on weatliered Burtaces tnere
rnav de a reliek cauBed d^ tne different reBiBtance to weatnerinZ ainonZ
tne laverB. In Borne localittieB tne ZreenBcniBtB nia^ de ricli in p^rite or,
more coinmonlv, in rnaZnetite, wnicn i8concentrated in certain la^erB,
indicatinZ tnat it waB precipitated durinZ tne depoBition ok tne rocl(8.

v^n^tninZ lilce porpn^ritc or arn^Zdaloid or pilio^v Btructure kave
not been kound in tne ZreenBcniBtB.
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Ike analvBecl ZreenBckiBtB noB. I—31 —3 can de Bai6 to de ok a daBaltic
compoBition. mentione6 in tke prece6inZ, tkeir compoBition mav
poBBidlv kave deen inrwenced d> a Belective 80ltins ot tke material
6urinZ tranBportation.

liM ZreenBcki3t, No. 4, KaB a compoBition 6isserent krom tke
otker ZreenBckiBtB analvBe6, it 18 more Balic, i8kigk in alkakeB an6
witk a BUlpwB ok alumina. It aiBo containB muck pvrite. it 18 ratker
BtronZlx un6erBilicate6, it can Bcarcelv kave got itB coinpoBition ckanZe6
dv a6lnixture ot Be6iinentarv material. KvpotkeBiB BUBBeBtinZ itBelk
l8tkat tke rocic KaB deen inguence6 dv Budinarine weatkerinZ. Lram
lette an6Lra6lev (1942, p. 33) pudkBke6 an analvBiB ok a Bainpls krom
tke dottorn ot tke nortkern Atlantic, BuppoBe6 to de a daBalt intiuenceck
dv Budmarine weatkerinZ. Qaliitelk (1950) leZal6B tke 80 calle6 "arZile
BcaZlioBe" ok tke a8a pro6uct ot Budinarine 6econipoBition
ok daBalt.

rock ok a verv extrerne conipo^tion i8tke diotite-ckiorite-Zarnet
roclc, No. 13. IkiB rocic, or tke material krom wkick it waB korrneck,
rnav de tke pro6uct ok a >veatkerinZ or a leackinZ ok a daBic rock.

Borne ot tke rocl(8 liBte6 in ladle 2 can de interpreted a8kavinZ
deen korineck dv a mixture ok Be6irnentarv an6volcanic material.
mav de tke caBe witk rockB 10 an611. 'lke kormer i8an aidite

epi6ote-cklorite ZreenBckiBt (witkout ampkidole) an6tke latter i8an
aldite-epidote-cklorite-diotite BckiBt. "lke Zarnet micaBckiBt, No. 12,
KaB verv prodadlv deen kormed in tke Barne vav. IkiB i8a verv ckarac
teriBtic type ok rock tounck in manv partB ok tke area in aBBociation
witk tke ZreenBckiBtB.

Lven ik "mixe6" rockz smilar to tkoBe mentione6 adove ratker
otten kave deen lounck, tke Zreater partB ok tke ZreenBckiBtB Beem to
conBiBt ok pure iZneouB material, a8Bkown, e. 5., dv tke verv low con
tentB ok potaBk in tke analvB6B ok rocl(3 NOB. 1 to 3.

Ike liZkt rock No. 15, krom a tkin laver in FreenBckiBt, i8approx
imatelv ok a tron6kiemitic compoBition. It i8moBt prodadlv a tuss
6epoBit in6icatinZ a tronckkjemitic volcaniBm, dut tkiB muBt kave desn
verv keedle in compariBon witk tke daBaltic volcaniBM, a8rockB ok tkiB
type are verv rare. koclc No. 14 i8ok a Bomewkat Bimilar compoBition.

quart^iteB Bimilar to rock No. 16, are ot ratker common occur
rence. Ikev mav kave deen korme6 dv tke xveatkerinZ ok tron6kjemitic
rockB rick in Bodic plaZioclaBe.

It i8ok Zreat intereßt krom an actualißtic Btan6point tkat 6epoßition
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ok marine volcanic mud i8at preBent talcinZ place under conditionß
tliat mav de Bimilar to tnoße prevailinZ during tne depoßition ok tne
Zreenßcnißtß deßcribed tiere. "lniß can de Been krom tne report ok tne
"8ne11iu8" expedition to tne Beaß ok eaßtern Indoneßia (t^uenen 1942,
Keed 1943, Kvenen 1950, p. 342—345). Volcanic mud ok daßic cnar
acter coverß larZe areaß, derived partis trorn volcanoeß on tne ißlandß
and partis krom Budmarine volcanoeß. In tne (^eledeß Laßin eaßt ok
Lorneo a Budcircular area ok diameter 300 km l8covered witn inuck con

taininZ more tkan 50 per cent ok volcanic inateriai. V/e nere kave
a reZion witn volcanic ißian6B an<s deep marine trouZNB.

If a paleogeographic synthesis is to de attempted, the greenschists
6eBcride6 nere inav be aBBunie6 to have deen 6epoBite6 under con
ditions resembling those at present prevailing around Indonesia. As
a counterpart to the tuffitic greenschists meta-basaltic greenstones
poured out at the volcanic centers must have existed farther to the
west. *

In tne nortnweBtern part ot tne legion rnaBBive Zreen-
BtoneB, coinrnoniv witk pillo>v BtructureB, in6icatinZ Budinarine oriZin,
occur in Zreat prokuBion. <I!olleBpon6inZ tuktitic 6epoBitB xviii prodadlv
ds preBent in tne BoutneaBtern an6eaBtern partB ok tne Barne reZion.
In tne inap area in tne QronZ ViBtrict, to tne Boutk ot tne
area conBi6ere<s nere (koBiie and Btran6 1956), inaBBive ineta-dazaitic
ZreenBtoneB occur in tne >veBtern part, vvtiere tnev toini a tectonic unit
tnruBt toxvar6B tne eaBt, tne (FjerBvilc I>sappe. In tne more eaBtern partB
ot tne area tnere are Kne-Zraine6 tuMic ZreenBcniBtB wnicn to tne
nortn are in tieick connection v/itk tne ZreenBcniBtB 6eBcride6 in tniB
paper.

rnentione6 in tne precedinZ, a Zreat part at leaBt ok tne Zreen-
BcniBtB conBiBt ok pure volcanic material unmixe6 witn terriZenouB
Be6iment, unlilce con6itionB 6eBcribe6 krom In6oneBia, vvnere mixture
ok volcanic an6terriZenouB material 18 common. IniB mav in6icate
a violent volcaniBm tnat turniBne6 larZe maBBeB ot material in Bnort
BpanB ok time. Zreat numder ok laverB ok ZreenBcliiBt ok 6isserent
tniclcneBB and dilkerent colour and meZaBcopic cnaracterB Beem to
indicate tnat tkere were manv disserent outdurBtB.

* Massive meta-basaltic greenstones occur to the east, in Sweden, but they are
288ume<1 to deionZ to a kiZker Btl2tiBrapkic 6iviBion and to a younger volcanic pk2Be.
(Beskow 1929, Kulling 1933.) — For a revievv of the daleckonian volcannm in Boutkern
Norway see Vogt (1947).
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Ik deep depreBBed trouZnB exiBted at tkat time, dlaclc rnudB rniZlit
kave deen depoBited in ttiern under unventitated conditionB, ttieBe
deilig now tne dlaclc cardonaceouB pnvlliteB aBBociated witk tne Zreen-
BcniBtB. Lut ok courBe >ve are not allowed to talce tne dlaclc BediinentB
28 indication tnat Buck dattivZrapnic conditionB did realis exiBt.

Probably soon after the deposition of the greenschists and the
associated Be6iinelitB ulti'ad2Bic niaZinaB were intru^ed, no>v toun6 as
bodies of serpentinite in the sediments and greenschists.

The occurence of volcanic greenstones, serpentinite and chert is
at present recognised as being typical of mountain systems of an alpine
type, as was first pointed out by Steinmann in 1905. Chert deposits
are absent from the area 6eBcride6 nere, but are found in deposits of
the same age in other parts of the Norwegian Caledonides.

HeBB (1955 and eariier paperB) naB pointed out tnat tne aBBocia
tion ok roc1(8 inentioneck adove (Bteininann'B trinit^) >vers korined at
an iBian6 arc BtaZe in tne development ok tne oroZenB. Verv larZe
inaBBikB ok Berpentinite are tound in iBiandB lilce C!uda, >sevv daledonia
and tne eaBtern part ot tne ?nilipineB, repleBentinZ iBiand arcB in tne
vounZeBt oroZenB. inrouZnout tne world tne BerpentiniteB are tne
Zuide roc1(8 ok tne oroZenB ot all ZeoloZical aZeB. to NeBB
tliev dear witneBB ok tne iBland are BtaZe ok tne ZeoBvnclineB, tne BtaZe
at wnicn ttie oroZenB were dom.

Kav in niB ineinoir on I^ortn American ZeoBvnclineB (1951) naB
pointed to tne connection det>veen euZeoBvnclineB (vvitli volcanic
depoBitB) and iBiand arcB. Buck a connection i8indicated in tne I^raBer
Leit alonZ tne >veBtern coaBt ok vvnere euZeoBvnclinal
depoBitB ok ?aleoxoic and vounZer aZeB are aliZned witn tne preBent

iBiand arc. >^180 in niB paieoZrapnic interpretation ok tne
euZeoBvnclinal depoBitB alonZ tlie eaBtern coaBt ot America
I<a> i 8 inciined to aBBunie iBiand arcB alonZ tne dorder ok tlie
continent.

'lne l^aledonian ZeoBvnclineB ot (sreat Lritain and Bcandinavia
were dordered on dotti BideB dv continental areaB. li.eninantB ot ttie

I^aurentian continent at ttie notnweBtern Bide ok tne ZeoBvncline are
preBent in norttiweBt Bcotland and in Lear IBland (even ik no daBernent
roclcz are expoBed in tne latter place). kor tne l^aledonian ZeoBvn
cUnai depoBi'tB ok (^reat Lritain and Bcandinavia tliere can tliUB not
nave deen a paleo-ZeoZrapnv ok iBland arcB alonZ tne dorder detween
a continent and a deep ocean.
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Descriptions of the analysed greenschits, nos. I—4,1—4, 7ab/e /

No. 1. K 18 349, greenschist from the brook Tverbekken (34.6, 35.4), a dark green
fine-grained rock. A linear schistosity is seen with a lens, planar schistosity less well marked.

The epi6ote is iron-rick witn high birekringerice and a yellowish colour. The amphi
bole has rather strong colour, a light yellowish, y bluish green, 2V<»~<60 0 . Examination
in powder form showed the amphibole to be inhomogeneous, some grains have y
> 1.690, other grains have y < 1.690. The chlorite is pleochroic, light yellowish —
rather deep green, optically negative with low birefringence. The biotite is dark brown
and is often intergrown with the chlorite. Accessories are iron, ore and sphene. Gram
size about 0.05 mm.

Tab/e I

Analyses
(percentages by weight and by r ,o!ecular eyuivalentB)

Analyst: Brynjolf Lruun

3 4

8102
TiO2
A1 2O 3
Fe2O 3
I^eo

46.59 44.7 48.41 46.6 47.28 47.4 46.90 48.7

3.78 2.8 1.83 1.3 1.38 1.l 1.75 1.4

15.26 17.3 15.68 17.9 14.72 17.4 19.78 24.3

2.85 2.1 3.35 2.4 4.71 3.5 8.87 1.4

11.02 8.8 7.26 5.9 5.81 4.9 2.44 2.1

MnO 0.15 0.10 0.12 0.01

MgO 5.46 7.8 6.12 8.9 7.22 10.8 3.20 4.9

dao 6.80 7.0 11.06 10.4 12.40 10.9 4.18 4.7

Na2O
K2O

4.66 8.7 3.49 6.5 2.00 3.9 4.93' 10.0

0.66 0.8 0.13 0.1 0.12 0.1 1.92 2.5

100.0 100.0 100.0 100.0

H2O^
H2O +
CO2

0.10
2.86

0.01
2.04

0.03
2.51

0.15
2.09

nil 0.74 1.0 1.82 2.5 0.06

Ca 1.0 Ca 2.5

p2p 2o 5
S

0.03 0.01 0.01 0.01

100.12

5.77 11.2

100.22 100.23 102.06 ?o 5.6

8 2.97 8 3.00 8 3.00 2.16

99.90
0.10

100.00

8 2.90
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No. 2. I 18 830, tzreenBckiBt at broolc weBt of IvarBli (22.6, 28.2), a greenizk grex
ratker kard BckiBtoBe rock.

ampkibole has the Bame colours as in the rock No. l, somewhat weaker only.
The epidote is rich in iron. The chlorite has pleochroism light yellowish — green, it is
optically positive with low birefringence. Accessories are sphene and a few grains of
pvrite. Grain size 0.1 0.3 mm of albite and epidote, cklorite and ampkibole occur as
elongated flakes and needles, size up to one millimeter.

No. 3. J 18 339, greenschist, Rundtjern (32.3, 28.7). It is a light greenish rather
fissile rock with a lustre of chlorite.

As to colour and general optical ckaractei^ the mineral are Bimilar to tkoBe in the
rock No. 2, except that the chlorite, optically positive, has a somewhat higher birefrin
gence (<— 0.005). Grain size about 0.1 mm.

No. 4. J 18 184, light greenschist, road Bection near the farm Unkervatnet (32.3, 25).
The rock is light ash-coloured, by weathering of the pyrite it gets a yellow stam. It parts
eaB>l> along surfaces with a lustre of blady minerals.

"^ne aldite N2B v < 1.538, indicatinZ pure albite. "l^ne epidote BnovvB fellow os tne
nrBt orcier a8maximum interference colour and i8tnuB poor in jron, cloBe to clinoxoiBite.

ampnibole i8almoBt colourleBB, witk a kaint sreeniBn kue onl^, -^ <^ 1.640.
cklorite i 8colour!e88, opticall^ poBitive witk axial angle cloBe to xero and a kiZK bire
frinZence for a cklorite (^ 0.010), n on cleavage k!alieB 1.608. in tke caBe of tke
ampkiboie tke optical propertieB indicate a kigk tenor of Klg, mZ 0.70. muBco
vite KaB — 2V — —> 1.591. No acceBBorieB otker tken pvrite can be Been, kut
partB of tke roclc are clouded b^ minute, darlc incluBionB.

"ske albite lormB a verv Kne-grained matrix (0.01—0.02 mm) in wkick tke epidote
occurB 28 porpkvroblaBtB, 0.2—0.4 mm, tke cklorite and muBcovite form cluBterB, ampki
dole needleB meaBure up to one millimeter.

"l^ke optical determinationB ok ampkibole and cklorite indicate a kiZker tenor of Kts
tkan Bkould sollow from tke analvBiB. It i8poBBible, kowever, tkat tks analvBed material
ma^ contain iron, being a decompoBition product of tke p^rite and tkuB not entering
into tke Bilicate mineralB.

>VnalvBeB, molecular equivalent percentageB, normB, Ni^Zli parameter and calculated
modeB of tke locl(8 are found in 1 below. In tke modeB all Na and K kave deen

calculated 28 albite and mic2B, reBpectivelv. ITie content of da waB divided between
epidote 2nd 2Mpkibole in propoNionB correBpondinB to tkeir rel2tive 2bund2nce, 28
eBtim2ted under tke microBcope. reBt rem2ininZ 2kter tke 2bove c2lcul2tionB i8UBed
to c2lcul2te tke abundance and compoBition ok tke cklorite. LllorB in tke analvBiB and
in tke ca!culationB are cumul2tive 2nd 211 2ppear in tke remainder and, tkerefore, none
too Zreat reliance Bkould be Ziven to tkiB calculation 01 tke cklorite.
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NO!

Q
Or

4.9
4.0 0.5 0.5 12.5

Ab 40.7 32.5 19.5 48.7
An 19.5 28.2 33.5 23.5
Ne 1.7 0.5
C 2.4

Ssal 65.9 61.2 58.4 87.6

Wo 6.2 9.6 8.4
En 13.8 21.6
Fs 5.0 4.1
Fo 11.7 3.0 7.5
Fa 7.4 1.2
Mt 3.2 3.6 5.2 2.1
II 5.6 2.6 2.2 2.8

3 lem 34.1 38.8 41.6 12.4

Cc 2.0 5.0

Py 16.8

pararni sters

a/ 22 225 215 385

/"l 48 43 47 265
c 18 26 26^ 15
a/k 12 0185 5 20
si 114 117 116 151

qu -34 -16 -4 -37

mg .41 .51 .56 .59
k .08 .01 .03 .20

Icu.latei moi

Quartz 2
Albite 43 33 20 42
Epidote 15 27 38 12
Liotite 5

12
x

9Chlorite 15 30
Muscovite 14
Amphibole
Calcite

20 26 7 9
2 2.5

Access. 2 1 0.5 14
100 100 100 100

cc>MPoBltloNB c>! the dKloritoB,

>IOP<iNiONB ( Mg,Fe) : (Al, -e) : (S>i. 7-i)
. 4.7 : 2.3 : .0
. 5.1 : 2.1 : ! .8
. 4.2 : 0.8 : .0
. 3.8 : 3.7 : ! .5
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Short descriptions of F^ee/ncH/nH and associated rocks, Nos. 5—19,5—19, Table II
The modes in Table 2 are based on rough estimates only of the relative abundance of

tke mineralz.

5. ic 18 378, d2lk greenBckiBt, (34.6, 3l), in Keld connection witk rock
No. 1 2nd verv Bimilar to tkiB. diBtinct wvering i8Been in tne kanel Bpecimen. Qrain
Bi^e about 0.05 mm, nitti porpkvrobl2BtB ot ampmbole 2nd biotite up to 0.5 mm. Inc
epidote i8rick in iron 2nd tke lerlom2gneBi2n mineral are verv Bimilar to tkoBe in
rock No. 1 and witk eczu2llv kigk relractive indiceB.

6. to 9. are ligkt sreenBcniBtB, meB2Bcopicall^ li^kt sre>iBn Kne-grained BckiBtoBo rockB,
not to be 6iBtinZuiBne6 from Be6imentarv BckiBtB ot a Bimilar colour. In all tne roclcB,
except No. 6, tke ampnibole and cklorite are colourleBB an6tke epidote mineral i8
poor in iron, in zome caBeB to be claBBed a8a clinoxoiBite. In No. 6 tke ampnibole and
cklorite are ver^ laintlx sreenick.

6. 18 251, Ljsrl(vaBBelven (38.4, 24.6).

7. KlB 363, (iardBmallcelven (34.4, 42). 'lke ampkibole K2B ft 1.630, muBcovite KaB
—2V^4s°.

8. 118 590, I^aserbalilc (26.6, 25.4). biotite i8in Bcattered porpkvroblaBtB meaBurins
up to one millimeter, colour litzkt brown, negative witk axial anZle cloBe to xero.

9. 1 18 803, Srjevatnet (26, 25).

10. K. 18 165, sreenBckiBt, killock 971 (31.3, 35.4). Qrain Bixe about 0.1 mm. 'lke cklorite
iz pleocroic, colourleBB — ligkt sreeniBk, poBitive, birelr. > 0.005. Ike epidote i8rick
in iron.

11. K 18 371, darlc browniBk BcniBt, Nattliellet (35.6, 33). Qrain Bi2e 0.1—0.2 mm lor
albite and epidote, biotite a8porpkvroblaBtB meaBurinZ up to 0.5 mm. Ike biotite i8
darlc ZreviBk brown, n "" 1.670. cklorite 18 pleockroic, colourleB8—green, opti
callv negative witk a low biretringence, n 1.650. ITie epidote KaB 1.765, mdi
cating 2 molar percentage ok 25 ?e-epidote. Ike optical dat2 indic2te «?F 0.35—.40
kor tke cklorite and a Btill kigker tenor in iron kor tke biotite.

12. 118 374, g2rnet mic2BckiBt, V2llibelilien (22.7, 22), d2rlc browniBk BckiBt witk vi3ible
porpkvrobi2BtB ok garnet. Qrain Bixe 0.1—0.5 mm. biotite i8ligkt vellowiBk brown.

13. 118 377, coarBe-grained cklorite-biotite-garnet rock, Vallibelclcen (23.1, 2). Ike biotite
i8ligkt vellowiBk brown, tke cklorite 18 colourleBB and pl2ctic2llv iBotropic.

14. 1 18 378, ligkt nne-gr2ined roclc tigktlv Bpeclcled witk d2rk porpkvrobl2BtB, V2lli
bekken (23.5, 22.4). ()u2rtx, 2lbite 2nd epidote M2ke out a rine-grained matrix, in
wkick biotite and g2rnet occur 28 porpkxrobl2BtB, Bixed up to 2 mm. Ikere i8in tke
Blide one rectangular inBet ot albite, meaBuring about 2 mm.

15. K 19 179, ligkt rock occurring 28 2 l2ver, one centimeter tkick, in greenBckiBt, brook
e2Bt ot Noll2niunne (19.0, 46). (?l2in zixe 0.05—0.1 mm. p2rt ot tke 2lbite occurB
28 Bub-idiomorpkic MBetB, me2Buring about 1 mm.

16. K 18 148, 2lbite qu2ltxite, Valken (20.5, 45.5). Qr2in Bixe 2bout 0.05—0.1 mm.

17. 1 18 550, c2lc2reouB lime Bilic2te rnic2BckiBt (ot tke liming ViviBion), Btorbekken
(24.3, 16.6). (3l2in BiTeo.l—o.3 mm. 'lke albite KaB -7 1.535, indicating pure albite.
'lne biotite i8greviBk brown witk n 1.615, indic2ting mg 0.60. cklorite i8
taintlv greeniBk, opticallv poBitive, biretr. "" 0.005, n "^ 1 .605, indicating MF "" 0.60.
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18. K 18 491, fine-grained greyish lime silicate micaschist, Holmevatn (36.2, 41.8). Both
the amphibole and the chlorite have pleochroism colourless — taintlv Zreenizk, the
clilollte is optically positive.

19. K 15 112, greenschist, Aksla above Krokstrand, Dunderlandsdalen (66° 27'3 N, 4
21' E Oslo).

Grain size 0.1 —0.3 mm, a part of the albite in larger grains, measuring up to
1 mm.

7ab/e //

5 6 7 8 9 10 II 12 13 14 15 16 17 18 19

Sammendrag

Grønnskifrer fra den sydøstlige del av Helgeland.
I somrene 1951 —54 gjorde forfatteren geologisk kartleggingsar

beide i den sydøstlige del av Helgeland sammen med en rekke unge
assistenter. Det kartlagte området er en omkring 25 km bred stripe
langs svenskegrensen, mellom 65° 10' og 65° 40' N.

En foreløbig beretning om resultatene av arbeidet er tidligere blitt
publisert (Strand 1955). Bergartene i det kartlagte område er over
veiende sedimenter på et lavt trinn av omvandling. Den eldste del av
Be6iinentkornplel(Bet er ksrvll(-av6elinZen (kaldt I^vlitt-BrsnnBkifer
serien i forfatterens avhandling av 1955). De Zrsnn^iirer som blir
beskrevet i nærværende arbeide finnes som innleiringer blandt sedi
mentene i denne avdeling. Rørvik-avdelingen er høyst sannsynlig
samtidig med Størengruppen i Trondheimsfeltet og av gammel-ordo
vicisk alder. Fire grønnskifrer er blitt analysert på NGU's kjemiske
laboratorium av sivilingeniør Brynjolf Bruun. Analysene med omreg
ning til atomprosent, norm og Niggli-tall og med beregnete mineral
sammensetninger (moder) for bergartene finnes i tabell 1.

Quartz 5 25 10 45 40 20 35 5

Albite 35 5 X 15 x 15 35 30 45 40 40 15 5 50

Liotite
,0 35 30 25 40 45 15 15 x !0 15 X 10 5 10

10 X

15
25 20 25 20

15
10 X

Chlorite 5 25 50 35 35 20 45 10 15 25

Garnet 10 30 15
5Muscovite x 15 15 25

Amphibole 35 35 5 25 25 15

Calcite 5 35 5

Accessories X x
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Grønnskifrene nr. 1 til 3 står meget nær basalter i sammensetning,
men stemmer ikke helt overens med analyser av omvandlete basalt
bergarter fra Støren-gruppen i Trondheimsfeltet, som det er nærlig
gende å sammenligne dem med. Muligens kan disse avvikelser for
klares ved at de analyserte grønnskifrer er omvandlete tuffer, avset
ninger av vulkanBk aske. Tuffmaterialet er blitt transportert gjennom
luft og vann, kanskje over lange strekninger før avleiringen. Under
transporten kan det ha skjedd en sortering slik at tuffmaterialet har
fått en annen mineralsammensetning og kjemisk sammensetning enn
de tilsvarende lavaer. Grønnskifer nr. 4 har en kjemisk sammensetning
som avviker sterkt fra de andres, forholdsvis rik på kali og rik på
aluminium (med aluminiumoverskudd). Muligens består denne grønn
skifer av materiale som har undergått submarin forvitring.

Born alt nevnt er Zrsnnsifrene pa et lavt trinn av omvandling,
Bvarende til en lolnoldBviB lav temperatur (antagelig omkring 300° (!!)
under omvandlingen. De deBtar av alditt, epidot, norndlende og
Icloritt Bom novedmineraler. kargen vel(Bler kra dvp gronn til nsBten
kelt IvB, deroende pa lornoldet mellom mengdene av jern og magne-
Bium i dergarten, de jernrike nar morke, de magneBiurnrike IvBe larger.

I tabell 2 er oppksrt anBlatte mineralBammenBetninger av en rekke
bergarter tra området. Kr. Il— 13 av diBBe kan omkatteB Bom dannet
ved en blanding av tussmateriale og vanlig Bedimentmateriale.

I bergarter Bom innenolder kornoldBviB rikelige mengder av bade
kalium, aluminium, kalium, jern og magneBium vil det snneB glim
mermineraler Bammen med KaiBium-Bilikater. Det tinneB enten IvB

glimmer (muBkovitt) Bammen med nornblende eller mork glimmer
(biotitt) Bammen med epidot og kloritt. Nvilke av diBBe mineral
aBBoBiaBioner Bom vil opptre avnenger av temperatur og trykk under
omvandlingen, men ogBa av vanninnholdet og av jern- magneBium
lornoldet i bergarten. Llandt de bergarter Bom tier er blitt bedrevet
tinneB muBkovitt — nornblende-aBBoBiaBjonen bare i de meBt magne-
Bium-rike, menB biotitt-epidot-kloritt-aBBoBiaBionen KnneB i alle mer
eller mindre jernrike bergarter.

gronnBkikrene i området er Bkikrige og lagdelte, inkompetente
bergarter, Bom Bkiller Bcg tvdelig lra omvandlete baBaltiBke lavaberg
arter eller grsnnBteiner. OronnBteinene er tvkkbenkete meget maBBive
og kompetente bergarter uten tvdelig fremtredende lagning. Oronn-
Bkikrene er dertor blitt oppfattet Bom dannet av tusser, iinkornete av
leiringer av vulkanBk aBke.
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I den østlige del av havet ved Indonesia er havbunnen over store
strekninger dekket av vulkansk slam, som for en stor del stammer fra
vulkanutbrudd i historisk tid. Den gang våre grønnskifre ble dannet
var forholdene antagelig omtrent slik som de nå er i Indonesia, med
rekker av vulkanske øyer med dype havgroper utenfor. I Rørvik-avde
lingen med grønnskifrene finnes det tallrike linseformete legemer av
serpentinitt, omvandlet olivinstein. Disse må ha trengt inn like etter
avleiringen av lagene. Vulkanske grønnsteiner og grønnskifrer og
serpentinitter regnes for a være typisk for et tidlig stadium i geosyn
klinalenes, de senere fjellkjeders, utvikling.
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