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Abstract. This study is a continuation of the work carrie6 out by S. Skjeseth
and the writer in 1952 (see 5). The present paper only deals with an extremely
well-exposed surface 1 km zquaro in front of the retreating Engenbræ glacier.

This Burtace is built up of a BerieB of pala-Be6imentB metainorpnoze6 under
amphibolite facies conditions. The main components are: amphibolites (otten with
diopside and garnet), sillimanite-mica schists, lime-silicate gneisses, skarn, and
crystalline limestone. The folding is intense with narrow and deep folds.

A M2BB of peri6otite i8 Bitu»te6 in a banded series lying between an upper
series of mica schists (granite) and a lower series of calcareous rocks. It is shown
that the peridotite was emplace6 at an early stage of the tolking in a zone of strong
deformation and that this mass has much disturbed the surroundings during sub
sequent phases of folding because of it« greater rigidity.

Introduction.

In 1952 I took part in the detailed examination of the graphite
at Renndalsviken, Holandsfjord in Northern Norway which was
carried out by the Norwegian Geological Survey. As one of the
results of this work a short description of the geology of the region
was published by S. Skjeseth and tke writer (5). In 1952 I had,
tkrouZK tke Icin6n6BB of Mr. S. Føyn, Director of the Geological
Survey of Norway (NGU), the opportunity of studying the remarkably
well-exposed outcrop in front of the retreating Engenbræ glacier, but
håving no topographical maps I could not at that time complete the
examination.

/^ttsr tke return troni Nortkern Norway it waB poBBidle to inalce
a preiirninar^ map baBe6 on air pkotoZrapkB an6in tke Burniner ok
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1954 I went to Engenbræ again supported by a grant from tke
University of Copenhagen in order to complete tke work.

I wish to express my gratitude to Director Føyn and to state
ZsoioZlBt S. B^eBetk for inuck I(in6 kelp, to my friends at Holands
fjdrd, especially the Dahl tarnil^ at Fondal and Mr. O. Solhaug
at Renndalsviken for hospitality and invaluable support, and to the
University of Copenhagen for the grant which enabled me to go to
Northern Norway in 1954.

InanliB are aiBo due to Mr. Knut Dahl for vaiuadie kelp in the
field and for the photo fig. 2, to Miss Ragna Hansen for drawing
tke rnap and to Mr. P. Padget, M.Sc. for kindly correcting the
English of the manuscript.

General Geology.

The geology of the region has alrea6^ deen 6eBcride6 by S.
Skjeseth and tke writer (5). The present study only deals with
the limited area in front of the Engenbræ glacier. The location of
tkiB area may be seen on the maps in (5, fig. 2) and in (4).

In or6er to piace tke TnZenbra? area in tke ZeoioAcal Btructure
ok tke reZion reterence >vill de rnade to tke BectionB in vondal (tke
vallen iinmeckiatei^ to tke >veBt ot LnZendra? (ck. 5, paZe 156). In
tke Boutk in kon6al i8a tairi^ cornplex anticiine tke vondal anticiine,
wkick to tke nortk i 8tollowe6 d^ a B^nc:linoriuin in tke Zranite
rnountainB XlMtinck an6Iken tollowB a xone ot
coinplex 6eep tol6inZ in BtoNin6 an 6 witk tke Zrapkite
anticiinoriurn moBt nortkeri^.

L,nZendla? tke eaBtern continuation ot tke kondal anticiine
occ:urB to tke Boutk; tken towar6B tke nortk tke Zranite B^ncline, an6
kurtkeBt nortk tke eaBtern continuation ot tke arnpkidolite an6
peri6otite xone trorn Btortin6 an<i I^sijcltin6.

The Surface in Front of the Glacier.

ke^' >earB aZo tke Ziacier alrnoBt reacke6 tke tiorck (et. plate
VII, in (4)) dut 6urinZ tke laBt 6eca6eB it KaB retreate6 ver^ rapidl^
80 tkat a Binall lake an6a Burtace adout 1 B^uare l(in are now expoBe6
in tront ot tke Zlacier (tiZ. 2). Been krom a AlacioloZical point
ot view tkere i8in tront ot tke Zlacier tirBt tke roclc Burtace on v^kick
tke Zlacier reBtB, tken tke 6epreBBion witk tke lake exeavateci d^ tke
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Fig. 2. The surface in front of Engenbræ seen from the mountains to the east.
Note that the layers run across the surface from side to side on the lett while there
are closures to the right. Top right, closure of the marble and just above it the
peridotite. One of the synclines ot the peridotite zone is seen centre right, just lett

Den iseroderede flade foran Engenbræ set fra fjeldene øst for. 1 venstre side a/
billedet løber lagene tværs over fladen fra side til side, i højre side ses lukninger a/
folderne. Øverst tilhøjre lukning i marmor og oven for den igen peridotiten. Den
nordligste af synklinalerne i peridotitzonen ses til højre i billedet, til venstre for

gletscherelvens udløb. (Knut Dahl phot.)

ice, and in front of tniB again the moraines otten built up of huge
boulders.

The surface offers excellent opportunities for the study of the
rocks and of the structures since it is not yet covered by vegetation.
Apart from the numerous glacial striations the only traces left by tne
Zwcier are a tew dou!6erB and pebbleB. In placeB, ezpeciaii^ near
the lake, crevaces and hollows may be coveret by sand.

The Burtace in front of the glacier is built op of a rock complex
comprising amphibolites, lime-silicate gneisses, mica-schists, crystal
line limestones, skarn, peridotite, and several types of strongly
deformed rocks. The folding is very intense.

of the outflow of the river. (Knut Dahl phot.)
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The central part of tne Burk2ce is the eastern continuation of
the amphibolite-peridotite zone from Stortind and Rødtind and this
xone aiBo has ampnidoiite and peri6otite dere, although a garnet
biotite gneiss is the most prominent rock. A fairly large mass of
peridotite is found in the most western part of tne area under
consideration and this is undoubtedly the continuation of the peridotite
from Rødtind. Towards the east several smaller ultrabasic masses
are found in two narrow synclines occupied by the above-mentioned
garnet-biotite gneiss. These two synclines converge at the large
peridotite and the anticiine tnered^ tormecl is dominated by two
closures with concentrations of marble, the layers of marble sur
rounding the peridotite zone being especially thick towards the hinges
of the folds (fig. 3). Locally there is a change in direction of plunge
of the fold axes in tniB zone so that the anticline may be changed to
a syncline with steep axes of folding.

'lne area nortn ok tne peri6otite xone 18, towarciB tne >veBt, ma6e
up ot lilne-Bilicate ZneiBBeB witn intercalate6 de6B ot Billinianite ZneiBB,
cr^Btalline lirneBtone, anci BtronZl^ 6etorine<s rocliB. Inc eaBtern part
ot tniB area naB t016e6 dan6B ot ainpnidoiite in a inatrix ot 6ekorine6
liine-Bilicate ZneiBB.

Boutn ot tne peri6otite xone tkere 18 to tne >veBt a B^ncline xvitn
liineBtone; t0w2168 tne eaBt occulB a dan6ed BerieB ot liine-Bilicate
gneiBBeB, more or leBB Zranitixe6, >vitn la^erB ot mica-BcniBtB an6
ampniboliteB.

Boutk ot tniB koUowB anotner lime-Bilicate BerieB an 6tnen a

tnicic la^er ok limeBtone vvnicn i8Beparate6 krom tne Zranitic ZneiBB ok
tne Zranite Bxnclinorium d^ an ampnibolite-dan6e6 BerieB.

Stratigraphy and Petrography.

In tne previouB paper (5, page 163) tne koilowing BtratiZrapnic:2i
BucceBBion krom tne ?on6al anticiine waB 6eBcride6 krom bottom

upwar6Bi mic2BcniBtB, lime-Bilicate ZneiBB witn ampnidoiite, dan6e6
BerieB ot lime-Bilicate ZneiBB xvitn tnin la^erB ot Billimanite ZneiBB, tnen
limeBtone, lime-Bilicate ZneiBB >vitn dan6B ok ampnidoiite, mica BcniBt
witn dan6B ok ampnidoiite, mica BcniBt, Zrapnite BcniBt, c^uartxite
and inica BcniBtB. I^ne upper part ok tne BerieB >vaB Zl2nitixe6.

correBpon6inZ BerieB 18 koun6 2t 2itnouZn 2 p2lt
ok tne Bequence i8wcking tnere. KVe ti2ve krom dottom upvv2l6B:
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lower ampnidoiite BerieB,
linie-Bilicate BerieB,
Zarnet ZneiBB,
lower crystalline limestone,
banded series,
upper cr)/Btalline linieBtone,
ainpnidolite-dan6e6 BerieB (peri6otite),
Zranitic ZneiBB an6niica BcniBtB.

In tns toliowing paZeB tne rockB wili de 6eBcride6 in tniB orcker.

Lower Amphibolite Series.

IniB series is best Btu6ie6 in the north-eastern part of the area.
The main rock is a garnet-biotite rock rien in quartz veins. It has
la^erz of cawareouB oriZin Bucn as crystalline limestone, lime-silicate
gneiss, and also more quartzitic beds and spotted layers with sil
limanite. In this garnet gneiss strongly folded bands of a diopside
bearing garnet amphibolite occur. The amphibolite has thin folded
layers of limestone and of diopside skarn. The latter are often broken
(with cross joints) where folded (fig. 4). Small thin layers of
«outrolled» garnet may be present.

The style of folding of the amphibolite closely resembles that
of the encioBinZ liine-Bilicate ZneiBB, leavinz littie 6oudt as to the
oriZin of the anipnidoiite. Inere i8 a gradual transition from the
ainpnidoiite to the garnet gneiss. The latter is identical with the
garnet gneiss which encloses the amphibolite in the core of the Fondal
anticline.

"lne garnet ZneiBB (no. 49c) conBiBtB ot a drown diotite in paraiiei
tlakeB, quartx, plaZioclaBe (28 anortnite) an6ore. Qarnet i8preBsnt
in Bcattere6 ZrainB. In 80ine norixonz tne ZneiBB reBemdleB cloBel>/
tks liine-Bilicate roclcB vvnicn wiU de 6eBcride6 in 6etail troin niZner
leveiB ot tne BerieB.

Inc niatrix ot tne ainpnidoiite (no. 49d) conBiBtB ok paraiiei,
zoinewnat corrocle^ priBinae ot a 6ark Zreen norndlen6e; in a66ition
quartx, a xonai p!aZioclaBe (adout 35 anortnite), an6caicite occur.

are ore, Bpnene, an<s apatite. Liotite nia)/ de preBent.
(barnet i8tounci in Bcattere6 ZrainB an680 i8ciiopBi6e in Borne partB
ot tne rock. OiopBi6e ni2)s, a 8nientione6 adove, aiBo occur in
true la>/erB.

an exainpie ot tne Bkarn varietieß ot tne ainpniboiite Bainple
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no. 49a may be mentioned. It is a rock with large green prismae of
hornblende with inclusions of sphene and intergrown by scapolite
and brownish-red biotite. The hornblende may be bleached against
the scapolite. Diopside occurs in large, somewhat uralitized grains.
In some parts of the rock calcite and biotite are present in a
considerable amount. The hornblende is glomeroblastic.

The Lime-Silicate Series.

Above the amphibolite follows a layer of lime-silicate gneiss
with a bed of limestone, then a sillimanite-bearing mica-gneiss, then
a banded complex with thin layers of garnet amphibolite, sillimanite
gneiss, limestone and a white muscovite quartzite, and then the
predominant rock of tniB horizon, naniel^, a layer of lime-silicate
gneiss. Because of the pinch and swell structure of this series the
thickness of the individual beds varies from place to place; some
ia^ei-8 max in places be totalis lacking. It has therefore not been
possible to establish the stratigraphical sequence with certainty and
there will be made no atteinpt nere to subdivide the upper layer of
the lime-silicate gneiss by means of the intercalated beds of other
rocks.

I"ne rnain rocliB ok tniz BerieB wili de 6eBcride6 delow:

I>l>ne-^l7i<7ate Fne/^. This is a light-gray, medium-grained rock
which has tkin, <sarlc la^erB ricn in diotite, tnin la^erz of pure caicite,
and tkin la^erB of pure c^uart^. Inere are very otten ruBt^-coioUle6
layers of two types. The one i8 a sillimanite-bearing mica BcniBtB,
the otner is a Zrapnite- and ore-dearinZ csuartxite.

The structure of this rock is very similar to that of the less
metamorphosed marly rocks of tne Trondheim area further south
which I saw when visiting Professor H. Ramberg at Åsenfiord
in 1954. At Åsenfiord these rocks are deformed by «slip folding»,
tnat is by lamellar gliding 80 tnat the thin sandy- and limy layers
are folded. A strong Becon6ar^ schistosity i8 developed along the slip
planes. At Engenbræ the deformation has progressed a stage further
(the metamorphism is correspondingly more pronounced) and the
secondary schistosity has been folded (fig. 5).

"lne tollowinZ mineralB are alrnoBt alwa^B preBent in tneBe roc^zi
6iopBi6e> norndlen6e, diotite, Bpkene, c^uartx, plaZioclaBe, rnicrocline
an6calcite. Borne ok tne rockB ni'^ nave larZe polpnvlodlaBtB ot
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Northern syncline of the peridotite -——^
lone with larger ultrabasic mass (blackV ¦- -
sentre right: easternmost closure in
limestone and to the right the southeraf^ •
syncline. Top left: folds in loweV/^ ,

ampkidolite.

Peridotitzonen set fra peridotiten mod øst. I forgrunden lukning i marmor, i midten
fra venstre til højre: nordlige peridotitsynklinal med sort ultrabasisk masse, i midten
lukning i kalksten og til høire sydlige synklinal. Øverst til venstre folder i nedre

amfibolit serie.

Fig. 4. Lower amphibolite in the north-eastern part of tke area. Amphibolite in
garnet gneiss. At the hammer: folded and broken layer of diopside.

Nedre amfibolit fra den nordøstlige del a/ området indesluttet i granatgnejs. Ved
hammeren ses et foldet og sønderbrudt diopsid lag.

Fig. 5. Anticline in lime-silicate gneiss. The northwestern part of the area.
Antiklinal i kalksilikatgneis i den nordvestlige del af området.

garnet and irregular grains of scapolite. Epidote minerals are very
rare. Accessories are: apatite, graphite, zircon and ore.
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Inc diopBide i8otten tound in t2irlv larZo ZrainB wnicti M2V
be verv treBN, dm it i 8Zener2ilv preBent in BM2ller corroded 2nd
ur2litixed ZrainB interZrown by pl2Zioci2Be and biotite. It ma^ be
ZlomeroblaBtic:.

Hornblends 18 otten 288ociated witn diopBide 28 an alter2tion
product ok tne latter, but it mav be preBent in independent ZrainB 28
well. It i8normallv ok a tamt Zreen coiour in tnin Bection, but ina^
occ2Bionall^ be ot a 6ark Zreen coiour 28 in tne anipniboliteB.

Biotite (brown) is present in most rocks, but ina^ be conkineci
to the 6ark la^erB. In accor^ance witn the terininoioZ^ of V. M.
Goldschmidt (1, page 8) these rocks should properly be termed
lime-mica schists. The biotite has pleochroic haloes around small
inclusions of zircon and it may be intergrown with secondary chlorite.

Inc biotite i8preBent in Binall paraiiei kla^ez, otten bent, and tne
BcniBtoBit^ tnereb^ produced otten cutB tne linear arranZeinent ok tne
6iopBicle, indicatinZ two perio6B ot dekorination. biotite 18 inoBt
probabl^ aBBociate6 witn tne Becon6al^ cleavaZeB inentioned above.

Bpnene i8invariabl^ preBent, locall^ in a conBi6erable ainount
in kairl^ larZe, irreZular ZrainB, but inoBt otten in Binall corro6e6
ZrainB. It ina^ be twinneck.

Ouartx 18 tke inoBt prominent Balic mineral an<l it ina^ torin
la^erB ot larze irreZular ZrainB witn wav^ extinction. It i 8aiBo a
component ot tne Zroun6inaBB ot tne roclcB an 6repreBentB invBt
probablx tlieir original Bi(>2-

(^ontormable replaceinent c^uartx veinB are coininon in Borne
norixonB. "lne veinB are aBBociate6 witn tne Becon6ar^ BcniBtoBitx an6
ma^ nave parallel BtripeB ot biotite. Inev inav be tolded wners
preBent in tne cloBureB ok tne koldB.

?laZioclaBe ina^ oceur in larZe grainB. cornpoBition naB (by
ineanB ok tne univerBal BtaZe) been kound to varv troin roclc to roclc.

anortnite content ot 30 to 40 BeeniB to be normal (a8in no.
I—lB/7),1 —18/7), but valueB 28 niZK a865—70 A> nave alBo been tound
(e.Z. in no. I—2l/7).1 —21/7). iwinninZ accordinZ to tne pericline-, albite-,
and complex albite-ala lavvB KaB been noted. Inc twinninZ mav be
irreZular witli lamellae wedZinZ out. InverBe xonal Btructure KaB
been Been.

i8preBent in inoBt loclcB.
dalcite i8preBent, in part in coal^e-Zrained laverB, in part in

Bmall interBtiti2l Zl2inB between tne Bilic2te miner2lB.
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Garnet is found in many rocks, most often as diablastic grains in
aureoles of quartz and plagioclase and surrounded by the biotite.

Bcapolite i8preBent in Borne roclcB an6BeeniB alwavB to ds ok
2 repiacing nature growing at tde expenBe ot tde otder da-inineraiB.

lourniaiine inav occ)aBionallv do preBent.
lde lime-silicate rocks are often granitized in the southern part

of the area with the formation of a bluish-grey gneiss with quartz,
plagioclas and biotite as the main components.

Mica-schist. The spotted mica schists are identical with the
ones lnentioneck in (5). Ike^ are ruBv/ coioureci rocks occuri-inZ in
thin layers and they have most often a well developed schistosity
because of the parallel arrangement of the flakes of biotite. There
are no traces of the zig-zag folding described in (5). This rock type
is of the same appearance in all members of the stratigraphical
sequence mentioned on page 77 and the following description is
therefore valid for mica schists of all horizons.

lde roclcB are me6iurn-Zraine6 v^itd more coai^e-Zraineck la^erB
(otten ricd in yuart?).

lde CoinponentB are: c^uart^, plaZioc!aBo, (microciine), diotite,
(inuBcovite), Billinianite an6perkapB cor6ierite. (barnet an6kMnite
ina^ de preBent. lde acceBBorieB are: Zrapdite, apatite, ore, tourinaiine
ane!

lde Zreat ainount ot c^uartx in6icate tdat tde original rockB
were rick in Ban6^ niateriai. lde KaB un6u!ator^ extinction.

lde plaZioclaBe daB alternatinZ droa6 an6narro>v twin lanieiiae
(tde peridine an6albite la>vB kave deen odBerve6) an6tde anortdite
content i8about 30 .

lde potaBBiuni tel6Bpar i8oniv toun6 in inBiZnikicant ainountB
v^den preBent.

lde diotite i8drown an6torinB tdin laverB ina6e up ot Binall
irreZuiar tlakeB (otten dent). It inav kave incwBionB ot xircon an6
18 niore or leBB alteret into ckiorite >vitk a BiinultaneouB Beparation
ot tinv diack nee6leB.

i8tounck partiv a8inckepenckent tlalceB, vvdicd inav be
reinnantB ot koriner laverB ot rnuBcovite, partiv a 8tranBkolination
prociuctB ok Billirnanite.

Billiinanite i8rnoßt otten toun6 in agZreZateß ot Bniall tdin tidreß,
more rareiv in in6epen6ent BmaU Zrainß. It 18 Beparate6 trorn tke
Burroun6inZß dv niUßcovite (et. 5, paZe 163). In 80ine roclcß large

6 — NGU
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irroZular Zrainß ot lcvanite ars preBent, in otnerß it occurß 28 inclußionß
in mußcovite.

(barnet in diablaBtic ZrainB mav bo an important conBtituent ot
tnoBo loclcB, but i8nioBt prominent in tne roclcB poor in Billimanite.

dordierite naB not been identikied witn certaintv.
Inc examined BpecimenB are: no. 2—21/72—21/7 trom tne lime-Bilicate

BerieB and noB. 4—15/7a4—15/7a and B—l4/7a8—14/7a trom tne banded BerieB.
Vanere Zranitixed tne mica BcniBtB are verv rien in biotite and

occaBionallv alBo in Zarnet; Billiinanito an 6inuBcovite nave 6iB
appeared.

Ore-graphite-quartzite. These rocks also occur in thin rusty
coloured layers and consist of quartz, a little plagioclase, biotite,
muscovite, chlorite, graphite, ore and apatite. The rocks are fairly
dense. (no. 3—20/7).3—20/7).

Lime^one. Bpecinien no. I—2l/71 —21/7 waB ta^en in tne ini66le ot
tne anticiine in tne liine-Bilicate BerieB in tne nortn->veBteln part ot
tne area in tne nortn liinb ot tne linieBtone anticiine in6icate6 on
tne niap. I^ortn ok tne liineBtone tnere i8a tranBition to tne
lirne-Bilicate ZneiBB. Inc border rock i8vvnite and c^uart^itic and wili
be 6eBcribe6 beiow. Locaiiv tnere i 8a development ok 6iopBi6e
Bkarn in tne border.

"lke liineBtone (no. I—2l/7)1 —21/7) i 8tine-Zraineci and banded. It
naB patcneB ot liine-Bilicate rnineraiB, naineiv c^uart^, plaZioclaBe,
diopBide, biotite, inicrociine, Bpnene, apatite and ore. It i 8ricn in
niica in Borne laverB.

'lne wkite border rock 18 tine-Zrained v^itn yuart? and a coiour
leBB inica a8tne nioBt important conBtiwentB, microciine, piaZiociaze
and ore are tound in minor amountB. tne lime-Bilicate

rock tnere i8a coarBening ok Zrain Bixe and biotite appearB. IniB
rock kormB tne weBtern continuation ot tne anticiine and i8prominent
in itB doBure. It aiBo plavB an important roie in tne central part ok
tns narrow anticline eaBt ok tne peridotite.

Inc Boutnern limb ok tne limeßtone i8ricn in Bilicate mineral.

It i8Bomewnat dekormed by klow (5, plate 111, kiZ. 4).
5—19/75—19/7 i 8anotker limeßtone krom tkiß Berieß and waß

collected in tde Boutn-eaßtern part ot tne area. It i8an example ot
a limeßtone witk xonez ot crußned calcite. Inc twin lamellae ot

tne larZer Zrainß ot calcite are bent. I^arZer rounded Zrainß ot
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plaZioci2Be an6c^uartx occur in tne caicitic inatrix. are
Zrapnite, Bpnene, diotite, ore an 6apatite.

F/wn^/)' deformed zones. In tne north western part of the area
there are some zones consisting of a great number of strongly
deformed rocks. Their exact stratigraphical position has not vet
been eBtadliBke6, dut tkev most probably belong to the lime-silicate
series and må)" correspond to the limestone series mentioned above.
The rock components are: quartzite, banded limestone with folded
and broken (boudined) layers of silicate minerals, thin bands of
amphibolite which may be rich in garnet in their central parts,
rusty zones (quartzitic as well as mica schists), and less well defined
rock types. The origin of these zones is still problematic. Some
parts of them might be interpreted as highly deformed conglomerates,
but the writer is more inclined to regard them as being formed from
limestones subjected to strong dynamic metamorphism. This view
is supported by the behaviour of the limestones of these zones which
clearly show a tendency to wedging out by flow leaving contorted
bands of silicate minerals behind. A comparison of (5), plate 111,
fig. 4. and fig. 6 of the present paper may illustrate this similarity
in deformation.

These zones contain skarn rocks as for instance no. 1 22/7
which is a diopsidic mass made up of large grains of diopside
penetrated by hornblende, biotite, plagioclase and quartz. They are
uralitized along the margins and may be crowded with fibrous
alteration products, probably a colourless amphibole.

"lrie plaZioclaBe naB irreZuiar extinction an6irreZuiar twinninZ
(tne cornplex aidite-aia laxv naB deen odBerve6). Inc anortnite content
i8adout 70 A.

Ike Zroun6inaBB conBiBtB ot a Beriticixe6 plaZioc:laBe, diotite,
arnpnidoie, caicits, Bcapolite an6MaNx. Nere a8in 80 man^ otner
rockB ok tne area tne prockuceck d)s tke paraiiei arranZe
inent ot tne tlakeB ok inica cutB tne linear arranZernent ot tne 6iopBicle.

The Garnet Gneiss.

Iniß i8a Bort ok a inixture detween liine-Bilicate Zneißßeß an6
mica Bcnißtß anci it kollowß adove tne lirne-Bilicate Berieß. Inat i8to

Bay it i8not preBent evervwnere xvnere one Bnoul6 expect to tin6
it >vnen reZar6inZ itß piace in tne BtratiZrapnv. Inc reaßon i 8tnat
tne rock Bnowß a pronounce6 ten6enc^ to niecnanical tninninZ an6
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6ißappearance 28 it niav do Been wnsn toliowinZ it alonz tne Btrilcs
aeroßß tne area in c^ueßtion anck it naß not deen touncl in

tne nortnern liind ot tne Boutnern anticiins.

Under the microscope the rock is Been to consist of quartz,
plagioclase, biotite, amphibole, diopside (in part in large grains),
garnet in rolled diablastic grains (with inclusions of quartz and
surrounded by biotite), calcite, apatite, rutile, tourmaline, and ore.
Some rocks like no. 2 20/7 have highly altered remnants of an
uni6entitied mineral. In —15/7 the anorthite content of the
plagioclase was determined to be 40 % . Muscovite is occ2Bionall)s
present.

Lower Limestone Horizon.

Ins la^er ot liineBtone ovorl^inZ tne Zarnet ZneiBB reBeindleB
tde latter in itB inecnanical tnickeninZ an<s 6iBaripearance alonZ tne
Btrilce, xvnicn i8Been eBpeciall)s vveii in tne central part ot tne anti
cline eaBt ok tne peri6otite. Inere i 8tnere an alternation ot 6iB
appearance an6BwellinZ an6in placeB all cardonate material ma)s
nave Zone leavinZ vvnite lunipB ot Blcarn denind.

Inc lilneBtons (no. 1—25/7)1 —25/7) i8dan6e6 >vitn alternatinZ de6B
ok caicite anck wnite Bilicate mineral. danciB are draken an6

to!6e6 in a verv intricate wav (tiZ. 7) an6it 18 tke latter wnicn inack
tne torrner Bite ot tne liineBtone vvnere all tne calcite KaB tloweck awav.

'lne calcite inav occur in alnioBt polvgonal ZrainB witnout tranB
lation lainellae, dut laniellation aiBo occurB.

"lne BilicateB are: 6iopBi6e, auipnidoie, inica (all C0iour1e88),
quartx, an6pl2ZioclaBe. Inc Bilicate dan6B are tine-Zraine6 BNowinZ
traceB ot cataclaBiB.

I"de Blcarn (no. 53) conBiBtB ok a coloulleBB 6iopBicle, ot Bniall
coiourleBB tidreB ot arnpnidole, an6a Blnall ainount ot plaZioc:laBe,
calcite an6apatite.

The Banded Series.

'lne BerieB overlvinZ tne limeBtone 6eBcride6 adovs conBiBtB ot
linie'Bilioate ZneiBBeB (otten niZniv 6etorlne<s 80 tkat tnev appear a8
Zarnet ZneiBB), Bpotte6 inica-BcniBtB (kiZ. 9) an6anipnidoiite in dan6B
witn or Zarnet (tne anipnidoiite dan6B appear to de inoBt
nunierouB in tne upper part ot tne BerieB), ruBtv xoneB, an6B^arn
adMcent to tne linieBtoneB at tne daBe an6at tne top ot tne BerieB.
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Fig. 6. BtlONZI^ deformed zone in lime-silicate gneiss close to the anticline of fig. 5.
Stærkt deformeret zone i kalksilikatgnejs nær antiklinalen i fig. 5.

Fig. 7. Lower Limestone with layers of silicates. North of the peridotite.
Nedre kalksten med foldede silikatlag. Vestlige del af området nord for peridotiten.

Fig. 8. To the left: lower limestone. Centre broken and boudined light-coloured
layer in gneiss.

Til venstre: Nedre kalksten, i midten b/-<r^^ei og b<?ut/lne^et lyst lag i sne/H.

The mica schists resemble the rocks described above (examples
are nos. B—l4/7a8—14/7a and —15/7c and the lime-silicate rocks are also
identical with the ones described from the lower series. They ought
in some cases to be termed lime-mica schists because of their great
content of mica. They may then lack diopside (as no. B—l4/7b8—14/7b does)
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and consist of large grains ot garnet in a groundmass of quartz,
plagioclase, amphibole, biotite, chlorite, apatite, ore and tourmaline.
Some of the bands of lime-mica schist have as in no. 4—15/7a4—15/7athin
layers of calcite. This rock consists ot quartz, plagioclase, microcline,
diopside, sphene, apatite, biotite, scapolite, and ore. The calcitic
layers have quartz, plagioclase, phlogopite, chlorite, sphene, apatite
and in the borders diopside (uralitized), scapolite, sphene, and ore.

A tnir6 type of linie-Bilicaw rock has compound from the lime
silicates as well as from the mica BCniBtB and consists of quartz,
plagioclase (35— % anorthite), biotite, diablastic garnet, diopside,
a t2intl)< coioureck 2inpnidolo, inuBcovite, 2p2tite, tourlN2iine, rutile,
ore, chlorite, carbonate, and zircon. Here again the linear arrange
ment of the diopside i8 cut by the schistosity of the rock (no.
4—22/7).

A more interrne6i2te type of rock is 2 garnet gneiss (no.
—15/7) with large grains of garnet in a groundmass of quartz,

plagioclase, biotite, muscovite, chlorite, and apatite. The garnets
have many inclusions of quartz, ore, mica, and chlorite and they are
enclosed by aureoles of quartz and plagioclase. The inclusions may
be 2rranZe6 in stripes as it the garnet is a replacing mineral, but there
is also evidence that the garnet has been exposed to deformation since
large grains have been «outrolled» during the formation of layers of
garnet.

The b2n6B of a^lp/l/bi?/l'te are otten rien in garnet and they may
have conformable veins of quartz. The normal amphibolite (e.g. no.
—14/7a) N2B the following components: quartz, plagioclase and 2

strongly green hornblende which is being replaced by biotite and
chlorite; accessories are apatite and ore. The garnet porpn^rodi2BtB
have caused 2 disturbance of the linear arrangement of tne priBlN2tic
Zr2inB of norndiencke. Associated >vitk tniB rock 2 more d2n6e6
amphibolite (no. 9—14/7d)9—14/7d) occurB. It has I2^elB rick in 6iopBi6e and
scapolite. This rock contains in addition to the minerals named
above 2 good deal of sphene, biotite and calcite.

The Upper Horizon of Limestone.

Ikiß nori^on i86evelope6 in two xvi6el)s 6itterent W2^B in tne
V2riouß p2rtß ot tne 2re2. It toriNß 2 tnick w^er in tke Boutnern part
ot tne 2re2 2n6 in tne liineßtone B^nclinoriurn Boutn ok tne peri6otite,
vvkile it korlNß 2 weU-d2n6e6 Berieß in tne ?one 2roun6 tne peri6otite.
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Fig. 9. Banded series south of the peridotite. The hammer rests on a laver with
Billimanite BpotB.

Bandet serie syd for peridotiten. Hammeren ligger på et lag med spætter a/ sillimanit.

Fig. 10. Closure of marble east of the peridotite. The black rock in contact with
the marble is skarn. As to the background compare fig. 3.

Lukning af marmor (pst for peridotit. Den mørke bjergart ovenfor marmoret er
skarn (sml. fig. 3).

The southern layer (no. 5—23/7) is very heterogenous and has
thin bands of amphibolite, patches of lime-silicate rocks rich in
plagioclase, quartz, diopside etc. and it may locally be altered to a
considerable extent into lime-silicate rocks. Veins of quartz with large
grains of diopside, hornblende, sphene, calcite and pyrrhotite are
very common. So are calcitic veins in cross joints.

The thin bands of amphibolite consist of a green hornblende
(with cores of diopside), plagioclase (30—60 % anorthite, inverse
zonal structure), quartz, calcite, sphene, rutile, and ore. Bordering
on the limestone there is a concentration of scapolite, plagioclase,
and diopside. The scapolite replaces the hornblende and the
plagioclase has a well-developed inverse zoning adjacent to the
scapolite with 32 % anorthite in the core and 60 % towards the
scapolite.

A fine-grained, white rock may occasionally be found in the
border of the limestone. It is made up of: quartz, plagioclase,
microcline, small flakes of biotite (and of muscovite), and very few
grains of garnet and apatite.
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Inc linieBtone in tne B^nclinoriuin Boutn ok tne perickotite i8ot
tne 82ine 2ppe2l2nce 28 no. 5—23/75—23/7 except kor tne tact tN2t tne tlow
witnin tne w^er 18 ver^ pronounce6 (et. 5, plate 3, tiZ. 3).

Itie Btr2tiZrapnic2i ecsuiv2ient ot tniB liineBtone in tne peri6otite
xone i8a w^erecl an6d2n6e6 BerieB nia6e up ot ni2rdls, 6iopBi6e,
2inpnidolite, liineBtone an6more ZneiBBic lockB.

The marble (no. —14/ 7a) is pure white with thin layers of
phlogopite. Under the microscope it is seen that the calcite has bent
translation lamellae. There are scattered grains of amphibole, plagio
clase, quartz, scapolite, sphene, and ore. The layers of mica are
made up of small flakes of phlogopite. The marble has fine-grained,
cataclaBtic: zones.

In the border between the marble and the silicate rocks there
are on both sides large grains of diopside. No. 2—14/7b2—14/7b has
plagioclase (70 80 % An) and diopside with inclusions of calcite
and scapolite in the border. In addition smaller and larger grains of
sphene, otten twinned, are present. Outside the border tollova a
silicate rock of diopside, scapolite, plagioclase (60 % anorthite),
sphene, amphibole and with the scapolite replacing the plagioclase.
Outside this rock follows a fine-grained amphibolite with a green
hornblende and with subordinate amounts ot plagioclase.

No. s—lB/75—18/7 was collected in the border between the marble
and the garnet ZneiBB of the peri6otite xone in the cloBure immediately
to tne east of the peridotite (fig. 10). Close to the marble the gneiss
conBiBtB of a 3trongly green hornblende, plagioclase and quartz.
About one centinietre from the border tnere i8 a xone ricn in Bpnene
and ore. Inen kollowB 6iopBi6e, witn incluBionB of tne reni2ininZ
mineral and 2pp2l2ntlx ZrowinZ at the expenBo of tne Korndlen6e.
The ciiopBi6e is ur2iitixe6 by a colourleBB 2inpnidols. outBi6s the
diopside large grains of plagioclase (with inclusions of diopside and
sphene) are present. This zone may border on the marble but is also
Been to be Bep2r2te6 from the latter by a zone of small grains of
diopside.

?Ae Inc d2n6B ot 6iopBi6e Bk2rn 2re Zeneraii^ drogen
ckurinZ tne torlN2tion ot dou6in2Ze BtructureB (ck. 5, pwte 3, tiZ. 5
wnicn ZiveB 2 ZOO6 iinpreBBion ot tne d2n6e6 limeBtone-B^2rn xone).
Me BNI2II ni2BBeB ot 6iopBi6e 2re otten enide66e6 in 2 inatrix ok
C2icite, in more l2re 02868 ot diotite.

Inc Blc2rn i828 tor inßt2nce no. 7—14/77—14/7 coinpoße6 ot 6iopßi6e,
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epidote (otten in dig Zrainß), ainpnidoie, Bpnene, plaZioc:laße and ore.
Inc diopßide 18 preBent in larZer Zrainß witn irreZuiar, otten
Zionierodiastie extinction and occ2Bionallv witn xoninZ. d^aicite i8
never niißßinZ in tneße rockß.

The outer zones of the diopsidic masses vary from place to
piacs. Inev rnav have a laver rien in diopside and scapolite in
contact with the intercalated layers of limestone (the limestone is
fairly pure but with scattered grains of diopside, quartz etc). In
other cases their marginal parts are transformed into a mass of
biotite. Finally it should be mentioned that they may have dark amphi
bolitic margins consisting of hornblende, biotite and plagioclase.

Inc tnin lavelB ot liineBtone inav nave tine-Zraine6 dan6B ot
ainpkidoiite (i.e. no. 12—14/7) xvitn Zreen norndlen6e, plaZioclaBe
(30 anortnite), csuartx, caicite, Bpnene, apatite an 6ore. Inc
dor6erB witn tne liineBtone inav be Bnarp, dut xvitn caicite penetratinZ
tne outer partB ot tne ainpnidoiite. Inc caicits ok tne liineBtone i8
turdi6, dut it i8c^uite clear cloBe to tne Bilicate roc^B. Inc nornd!en6e
ot tne dorger inav de tilled witn Becon6arv inineraiB an 6it 18 otten

dieacneck. In tniB lirneBtone 6iopBi6e 18 lackinZ wnile arnpnidoie i8
more prominent. I^orniaiiv tne liineBtone ot tniB dan6s6 xone (i.e.
tne liineBtone laverB ok tne Bilicate loclcB, not tne inardie) nave kairiv
large ZrainB ot 6iopBi6e (witn uraiite). colourleBB ainpnidoie i8
coniinon an6i8in part torrned at tne expenBe ot tne 6iopBide.
reinaininZ mineral ok tneBe liineBtoneB are: c^uartx, plaZioclaBe,
pnioZopitic niica (otten in laverB ot Binall tlalceB), Bpnene, apatite
and ore.

?"/le amp/libi)/^e i8cleariv ot caleareouB oriZin and inav in Bonie
laverB de true skarn rockB. InuB no. 11—14/76 i8rien in 6iopBide
wnick occulB a8corroded rernnantB in tne norndiende (kaintiv Zreen).
Inc Btronzlv danded rock naB turtnerrnore c^uartx, calcite (in part in
pure caieite laverB), Bpnene and ore. "lke more coinmon ainpnidoiite
ot tniB xone naB a Zood deal ot uraiitixed diopBide, otten a8Zreen
laverB. Ins ZroundinaBB i8inade up ot a kaintiv Zreen arapnidoie,
and ot plaZioclaBS, caicite, BC2polite and Bptiens.

I>so. 10—14/7 i8also danded and i8compoBed ot Zreen korn
diende, diotite, diopBide, plaZioclaBe, Bpnene, apatite and ore. It K2B
laverB ricn in caieite and witk larZe ZrainB ok diopBide. Wnen
BarnetikerouB tks ainpnidoliteB inav reBerndle tne rockB deBcribed dv
NerneB (2) troin tne peninBula.
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The gneissic layers are most otten fine-grained with the compo
nentBi (^uartx, inicrociine, and in subordinate amounts plagioclase,
chlorite, muscovite and biotite.

Upper Amphibolitic Series (Peridotite).

tne inardle-lirneBtone BerieB in tne Boutnern part ot tne
area tollowB 2 BerieB ricn in dan6B ok ainpnidoiite; in tne central part
ok tne area tne peri6otite xone.

Inc dan6ed xone i8nia6e up ok tnin dan6B an6la^erB ot arnpni
dolite (in part witn Zarnet), linie-Bilicate ZneiBBeB, inica BcniBtB (80ine
ok tnein witn Billimanite, liineBtone, ancl liZnt-coioured c^uartxitic
la^erB. 81carn aiBo occulB.

'lne rockB ot tniB BerieB reBerndle tne lockB alrea6^ 6eBcride6 80
cloBel^ tkat no kurtker 6eBcription wili de Ziven nere. InBtea6 tne
roclc ot tne peri6otite wili de 6eBcride6.

The peridotite zone. By tniB term is meant the rock suite
occupying the two narrow synclines of the central part of tne area
which join one another at tne great peridotitic mass. (fig. 12).

"lne inain roclc ot ttiiB xone 18 a ZarnetiterouB diotite ZnsiBB
wili de tunner 6eBcride6 deiovv. ZneiBB KaB incluBionB

ok ultradaBic akkinit^, not oni^ tne diZ inaBB, dut 2180 a lot at BinaUer
niaBB6B, inaini)^ dron^ititeB an6norndlenditeB. IneBe rnaBBeB ina^ de
rotated. I^a^erB and danciz ot anipkiboiite (nioBt otten rien in Zarnet)
are cornrnon. are otten drogen 80 tnat deautikui doudinaZe
BtructureB are torrneck (tiZ. 11) an6tne^ are toun6 in all BtaZeB ot
6iZeBtion, ttie enci procluct deinZ tne Zarnet ZneiBB vvitti corro6e6
ZrainB ot norndlen6e an 6v^itn tne Zarnet porpn^rodlaFtB ok tne
anipnidolite cruBne6 an6rolle6out to torrn inonoinineralic la^erB ot
Zarnet up to 3 centinietreB tniclc.

In 80ine paNB ok tniB tne Zarnet ZneiBB i8cleari^ 6eriveci
krom liine-Bilicate ZneiBBeB. li.elnnantB ok tne latter xvitn rnaBBeB ok
<siopBi6e are kound in tne ZneiBB. ?inall^ it Bnoul6 de inentioneci
tnat BpotB ok Billinianite rna^ de preBent locaii^.

InuB tne Zarnet ZneiBB ok tns peri6otite xone containB reinnantB
ok tne variouB cornponentB ok tne arnpnidolite-dan6e6 BerieB to vvnick
it colleBpon6B BtratiZrapnicall^. It nia^ de reZar6ed a8a tectoni^e6
eyuivaient ok tniB dan6e6 BerieB.

Boine exainpleB ot tne roclcB ot tniB xone wili de Ziven deio^v.
>10. 7—22/77—22/7 i 8rien in Binall crMaiB ok garnet xvitn weli-
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?iZ. 11. Lou6inB ot arnpliibolite in tne L^rnet ZneiBB ot tke peri6otite Tone.

Amfibolitboudins i granatgnejs i peridotitzone.

Fig. 12. The west wall of the canyon of the glacier river. To the right: northern
syncline of peridotite zone bordered by marble on both sides. To the left: central

part of peridotite Tone with folds in skarn, limestone and amphibolite.
Vestvæg af canyon med bræelven. Til højre ses den nordlige synklinal i peridotit
zonen, vå begge sider begrænset a/ marmor. Til venstre den centrale del a/

peridotitzonen med folder i lag a/ skarn, kalksten og amfibolit.

6ovsiope6 cr^BwlioZlapkic outline. They are almost free from
inclusions, but show signs of cataclastic deformation. A faintly green
Kolnblen6e is present in very corroded grains intergrown by plagio
clase (40 48 % anortkito) and c^uaNx 80 that the hornblende may
be divided into several small grains of common optical orientation.
Apatite and rutile are accessories. The green Koliidlen6e is often
intergrown with a colourless amphibole and with chlorite.

The many corroded grains of hornblende in the rock mentioned
above indicate that the rock has formerly been more amphibolitic.
In no. —14/7 tniB is Been even detter, since it has preserved
amphibolitic bands giving a banded appearance to the rock. The
groundmass conBiBtB of quartz and plagioclase (about 80 % anorthite).
Corroded grains of a green hornblende are arranged in layers. The
korndien^e nia^ have CoioulleBB BpotB. Garnet is present in minor
ainountB and the accessories are Bpkene, ore and zircon. Chlorite
is a Becon6arv mineral. Bome pai-t8 of the rock are rien in biotite.

In noB. 4—14/7d4—14/7dan65—14/75—14/7 tkere are ainpkidoiitie dan6B
in a invionitic Zarnet Zneißß. Ike colnponentß ok tke ainpkidoiite
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are: green hornblende, plagioclase, diablastic garnet, biotite and ore.
The very fine-grained gneiss which bears pronounced traces of
cataclasis consists of quartz, plagioclase, biotite, scattered small
remnants of hornblende and of numerous small grains of garnet
which undoubtedly are formed by crushing of the porphyroblasts
of the amphibolite.

While the small grains of garnet are scattered all over the rock
in no. 5—14/7,5—14/7, they are arranged in layers about two centimetres
thick in no. —6/7. The layers of garnet are made up of numerous
tiny garnets. Parallel prismatic grains of a green hornblende are
found in the layers of garnet and also in thicker independent amphi
bolitic layers. The amphibolite may have fairly large grains of
garnet. Plagioclase and c^uartx are present in all laverB and 80 are
the minor components apatite, sphene and ore.

No. 4—14/7c4—14/7c is a garnet gneiss of an unmistakable lime-silicate
appearance. It is made up of plagioclase (about 80 % anorthite),
diopside (uralitized), apatite and sphene. There are a few large
grains of garnet with inclusions of hornblende, plagioclase, calcite,
epidote, and chlorite.

The peridotite is enclosed by a garnet gneiss verv rich in layers
of amphibolite. No. 4 20/7 may serve as an example. It has large
well-crystallized garnets which may be rich in inclusions. The garnets
are of a rolled appearance and may be crushed and rolled out in
stripes. The groundmass consists of large prismae of a green horn
blende, plagioclase (30 40 % anortnite), csuartx, diotite in a tew
flakes, large grains of apatite, rutile, ore and chlorite. The plagioclase
has irreZuiar twinninZ and a pronounced xoninZ.

The Peridotite.

'lne centr2i part ok tne do6v ok perickotite 18 rien in olivine (2V
18 adout (-j-) 90°) wnicn i8koun6 in irreZuiar, 80inewnat elonZateck
Zr2inB. It i8k2irlv treBN, dut ni2v de Berpentinixe6, eBpeci2ilv cloBe to
xoneB ok 6iBiocation. dnrornite an6niaZnetite are preBent in Binall
ZrainB. Lronxite i8not adunciant in tne central p2rt ok tne peri6otite,
dut it increaBeB in ainount towar6B tne dor6erB ok tne ni2BB. In tne

outer p2rt it occurB in priBlN2tic ZrainB Beveral centirnetreB lonZ an6
otten arranZed in roBetteB (no. 20—23/7).

Becon<Harv lnineraiß are toun6 in aclciition to tne Berpentine



93

insntioneck adovo: norndlon6o, tale, cardonatoß (6olomite Kaß doen
i6ontitio6) an6a 00iour1e88 cniorito.

Ino dron^ito ot tno rnarZinai partB 18 Budject w repiacornont dv
2 taintiv Zreen, actinoiitic arnpnidolo(«BlnaraZ6it6»), dv tale an6dv
cardonats. pnioZopitic inica niav do proBent .(no. 10—25/7).

The bronzititic rock may have concentrations of chromite. The
adjacent rock may then have green spinel. (no. 15—15/7).

The outermost part of the ultrabasic body is green or black,
hornblenditic. It is made up of prismatic grains of a faintly green
amphibole («smaragdite») often parallel arranged. There may be
corroded remnants of bronzite. Some parts of these rocks are very
fine-grained. There may be layers or patches of biotite and small
concentrations ok ore. Towards the interior of the peridotite the
green amphibole is present in larger prismatic grains and it is
eventually succeded by the prismae of bronzite (5—20/7). IniB
transition from bronzitite to hornblendite is gradual; no. 17—14/7
shows an intermediate stage with corroded grains of bronzite in a
rnatrix of arnpnidoie. The dlon^itoB ina^ be divided into several
small ZrainB witn a common optical orientation.

Ino tracturoB in tne peri6otits navo voinB ot dronxite,
«BniaraZ6ito», tale and cardonatoB.

Ikoro aro inan^ arnpnidoiitic incluBionB in tne peri6otite. Ine^
nave tne Banio orientation an6are ot tno zarno appoarance a8tns
Zarnet ainpniboiito outBido tne perickotito. Ino^ conBiBt ot Zroen
Korndlon6e, Zarnet, Bpnens, a Binall ainount ot plaZioclaBe (vvnicn
in no. 12—15/7awaB tounck to nave inverBs xonai Btrucwre xvitn
adout 40 A> anoNnite in tno core an6adout 70 alonz tne inarZinB.
In a66ition yuartx, apatite, xircon an6ore rnav do prozont. ViopBi6o
rnav occur a8porpnvrodlaBtB poilciiiticaiiv oncloBinZ all tne rnineraiB
ot tne rockB. Inc arnount ok 6iopBi6e increaBeB to>var6B tne rnarzinB
ok tne incluBionB an680 60 tne contentB ot clino2oiBite an6cawite. In

80lne caBeB tne niarZinB ot tno incwBionB are tranBkorine6 to Zreon
roclcB (witk rock 8pot8) ot an ecioZitic appsarance. Inev iiavs tno
CoinponentB <siopBi6o, clino2oiBite, Zarnot, caicite an6ono or more
ot tne toliowinZ mineral: plaBioclaBe, o^uartx, norndlen6e, Bpnono,
apatits an6oro. Ins Zarnot i8oniv teodiv 6iadlaBtic.

In 80lno ok tlio inoluBionB tne anipnidoiite i8repiaceck dv oaicito
an6ilinenite alonZ tlis dor6erB an6alonZ kracwroB.

"lns perickotite i 8ricn in dronxito an 6«Binaraß6its» vvnero
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dorciering on tne inclußionß. It nere N2B groen Bpotß and «voinß» 2ncl
p2tcnoß ok C2rdon2teß. I^n6er tne inicroßc:ope tne dronxite 18 Been to
bo repi2co6 d^ tno 2inpkidole 2n6 d^ C2rdon2to, taic, ckiorite 2n6
inic2. I"ne prißin2e ot dron^ite are otten drogen, cnrornite,
a green Bpinol, M2gnetite 2n6 p^rrnotite ni2^ de koun6. (noB.
14—15/7, 18—14/7 an613—15/7).

The small ultrabasic masses enclosed in the garnet gneiss of the
two narrow synclines of the peridotite zone vary in appearance from
bronzitite to hornblendite. No. 1 2/9, one of the larger rnaBBeB, is
a bronzitite with bronzite, a green amphibole (colourless under the
microscope), anthophyllite, tale and a Cr-spinel. The smaller masses
may as no. —14/7 have corro<He6 reinn2NtB of dronxite in 2 matrix
of amphibole and carbonate, or they may be hornblendites consisting
of a green amphibole (colourless in thin section) and anthophyllite.
Some of these rocks may have 2 good deal of carbonate and biotite.

The Granitte Gneiss and The Mica Schists.

roc:I(8 2re oni^ to de Been in tne Boutnern p2rt ot tne 2re2
in queBtion 2nd Bince tne^ 2re i6entic2i witn tne roelcB 6eBcride6 in
tke previouB p2per (5), tne^ wili oni^ de rnentione6 drieti^ nere.

gneiBB de2rB cloBe to tne un6erl^ing d2n6e6 BerieB tl2ceB ot
lini6Btone- or liine-Bilic2te BtructureB 80 tn2t it iN2^ de reg2l6e6 28 2
gr2nitixed el^uiv2ient ot tneBe roc^B. I^orrn2il^, novvover, it i 8 2
veins6 gneiBB rien in diotite 2n6 occ2Bion2U^ >vitk g2rnet. IniB 18
tne t^pe ot gneiBB korrne6 tnrougn gl2niti22tion ok tne inic2 BcniBt.
Oni^ tne centl2i p2rt ok tne gremite B^ncline i8occupied d^ 2 niore
ni2BBive gl2nite.

'lne inic2-BcniBt i8Co2lBe-gl2ine6 witk I2rge kwlceB ot diotite
2n6 muBcovite; cloBe to tne granite BIN2II grainB ot g2rnet 2re tounci.
It i8rien in c^U2rt^ veinB. Inere 2re 2 te>v I2^erB ot c^U2rtxite, tne
rnoBt conBpicuoUB one deing in tne veine6 gneiBB korrneck 2t tno expenBe
ot tne rnic2 BcniBt.

Pegmatites.

'lnore 2ro rn2n^ psgin2titsß, inoßt otten 288oci2teci xvitn croßß
Mntß or cii2gon2i Borne ot tnein N2vo 2n irregui2r coulße 2n<i
IN2^ BNOW de2Utikul repi2cernent Btructureß (5, pi2te 111, tig. 6).
'lneir tnickneßß V2r^ troin 2 kew centirnetreß to tive nietreß, 2 tniclcneßß
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attained in a large pegmatite in the extreme north-western part of
the area.

Inc peZmatiteB are made up ok yuartx, teldBpal and mica.
lourmaline i8verv common. In one caBe Billimanite KaB doen tound

in a peZmatite.
I^ot all ot tne peZmatiteB are indicated on tne map.

tniB place it Bnould de mentioned tnat czuartx veinB are verv
common in tniB area. Inev occur in tnree wa^Bi a8pinck an6Bwell
veinB in tns niica BcdiBt, a86iopBi6e- and caicite-dearinZ veinz in tne
lilneBtone an6a8contorrnabie (otten to!6e6) repiacernent veinB witn
caicite an 6diotite in tne lirne-Bilicate ZnsiBBeB.

Metamorphic Facies.
Inc paraZeneB6B liBte6 adove in6icate tnat tne inetaniorpniBin

tooic piace at ainpnidoiite tacieB con6itionB. InuB spi6ote i8oni^
toun6 in Blcarn an6in incluBionB ot ainpnidoiite in tne peri6otite.
Inc ainpnidoliteB anci tne liine-Bilicate ZneiBBeB xvitn anortnite contentB
ot 30—40 A> anortkite in tke plaZioclaBe nave no epi6ote.

Billiinanite ok tne inica BcniBt i8alwavB in one wav or anotner
aBBociatecl witn inuBcovite an 6i8tounci in roclcB poor in potaBBiurn
tel6Bpar.

'lne reZreBBive inetalnorriniBin. i 8 BiiZnt; tne plaZioclaBe rnav
occaBionallv de turdi6 and tne diotite niav de 80inewnat cnioriti^ed.

Tectonics.

In Bpite ot tne extrerneiv deautitui expoBureB it i8no eaBv t2Bic
to unravei tne Btructure ot tniB area. 1"nu8 tne «leveiiinz» action ot
tne Ziacier naB literaiiv reBulte6 in a «rernovai ot tne axeB ot toldinZ»,
anck it i8verv ditkicuit to odtain Bake nieaBureinentB ot tne told axeB,
Bince odBervationB are limited to oniv two 6irnenBionB in inoBt partB
ot tne area.

In tne sxtrerne Boutn tnere are at tne tirBt Ziance no traceB ot
toldinZ. Inc laverB run paraiiei krom one Bi6e ok tne pianed okt
Burkace in tront ot tne Ziacier to tne otner, and one and tne Baine
laver rnav de tollo^ved BtraiZnt upwardB in tne rnountainB on tne BideB
ot tne plane tor 1000 inetreB or more. Inc dip i8alinoBt evervwnere
Bteeplv BoutnxvardB. 'lne Btrilce 18 nearlv conBtant.

In tne central and nortnern partß ok tne area tnere are Beveral
cloßureß ok tne koldß 80 tnat tne Btructure rnav de more eaßilv
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deterinined in tneße placeß. I^ntortunateiv it 18 oniv poßßidle in a tew
caßeß to tollow one and tne Baine laver witli cert2intx troin tne central
xone nortn 2nd Boutliw2rdß Bince nioßt of tne cloßureß are Bitu2ted

outBide tne expoßure. re2Bon kor tniß i8tne pinen 2nd Bwell
Btructure ot inanv ok tne laverß 80 tnat tnev rnav de laclcinZ in Boine
partß ot tne toldß wnile deinZ verv tniek eißewnere in tne area.

0n1)f d^ eonidininZ all tne availadle 6ata naB it deen poBBidle
to tiZure out liovv tlie Be6iinentB were 6ekornie6.

The folding is isoclinal with narrow and deep folds. The fact
that some layers may be followed from the glacier right up to the top
of the mountain Helgelandsbukken (1454 m) immediately to the east
of the area in question shows that some of the folds have a vertical
extension of about 1500 metres. The folds are slightly overturned
with the axial plans dipping steeply to the south.

Inc Beetion kiZ. 13 i8a tentative repreBentation ok tne Btrueture
ok tne area. LecauBe ot tne 6itkicultieB in odtaininZ BatiBkactorv
ineaBurenientB ot tne koid axeB and decauBe ot tne kre^uent cnan^e
ok plunZe ok tne axeB in Bonie partB ot tne reZion, it KaB not deen
poBBidle to conBtruct an exact protiie. BerieB ot BectionB wouid de
nee6BBarv in order to Zive a tnorouzn expianation ok tne Btrueture
and even tnen tnere vvouid de uncertain pointz. It naB deen conBidered
to de inoBt Bate to eonBtruct a prokile daBed on tne «reZionai axiB
ot koidinZ» vvnicn naB a BiiZnt v^eBterlv plunZe (a8to tne variation
ok plunZe ok tne axeB Bee deioxv wnen tne peridotite i8diBcuBBed). I"ne
correlationB are indicated dv dotted and Btippled lineB adove and
deneatk tne Bection. Inc vertieal neiZnt ot tkeBe connectionB i8
uncertain.

Ins Bection BnowB krom tne Boutn to tne nortn: Oranite Bvn

clinoriuin witn lnica-BcniBtB (tne reappearance ot Zranite nortn ot tne
tkick Zranite in tne Boutk eaBtern part ok tne area indicateB tnat tnere
i8a doxvnkoidinZ at tniB piaee). I^ortn ok tne Zranite tolioWB tne Boutn
liind ok a tairiv dro2d 2ntielinoriuin. Inc roclcB ti2ve a Zentie to
Bteep BoutnweBterlv dip 2nd tne dorderB detween tne V2riou§ roclcB
2re tolded in 2 dr2Z-kold t2Bnion. Ike BerieB in tne 2nticlinoriuni i8
troin Boutn to nortn (krom tne top downwardB): upper arnpnidoiite
banded BerieB, tniclc laver ot linieBtone, tnin laver ot danded BerieB,
lirne-Bilicate witn laverB ot limeBtone (corresponding to tne lower
laver ot liineBtone), Zarnet ZneiBB, linie-Bilicate ZneiBB (witn alnioBt
korixontal laverB ok liineBtone and witn dedB ot Bpotted rnica BcniBt),
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Fig. 13. Cross Bection of the western part of the area. (Cf. the map, fig. 1, and
tke text paZe 96.)

Tværsnit aj den vestlige del af området (sml. kortet fig. 1 og teksten på side 96).

amphibolite, granitized lime-silicate gneisses and in the north limb
of the anticline: amphibolite, lime-silicate gneiss and then the banded
BerieB. The lovver wxel- of limestone and the garnet IneiBB are lacking
in tniB place (cf. page 83).

The toliowinZ B^ncline is dominated towards the west by the
upper limestone, towards the east by the banded series.

North of this synclinorium and after a narrow anticline follows
the peridotite zone with its two synclines of garnet gneiss etc. and
the interjacent zone made up of the banded series and dominated by
two closures in marble and limestone.

North of the compressed folds of the peridotite zone follows a
somewhat broader anticline (with narrow minor folds), then a syncline
occupied by the garnet gneiss and furthest north the strongly folded
XONLB in liine-Bilicate ZneiBB.

Inere are Btill prodleinB to be Bolve6 28 to tne Btructure ok tne
rezion. Inc inain unceNaintieB are:

1) the missing layer of the garnet gneiss and limestone in the
north limb of the southern anticlinorium. Now these two rocks show
in other places a pronounced tendency to mechanical swelling and
ciiB2ppearance as especially well seen in the zone east of the peridotite
(cf. the map. fig. 1). It seems as if these rocks preferably occur in
the closures of the folds, tne rocks ni2> have deen very pi2Btic at
some stages of the folding. This behaviour is not strange for lime
stone and marls. It is therefore believed that these rocks have flowed
away from the steep north limb of this anticline;

7 — NGU

' 4 4/,
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2) tne two la^erB ot anipnidoiite in tne Boutnern anticiinoriuin.
It naB not doen proved tnat ttieBe la^erB correBpond w tne lovver
ainpnidoiite BerieB wnick 18 expoBed deBt in tne nortn eaBtern part
ot tne area and in tne eaBtern endB ot two narrow anticlineB in tne
peridotite xone;

3) tne Btructure in tne shore just north of the glacier between
the rivers. There is at tniB piace a cloBe6 Btructuro wnick coul6 not
be explained satisfactorily because of the difficulties in observing the
fold axes. The structure might be explained by flat-lying axes towards
the east and steeper ones towards the west (with westerly plunge).

4) tne BtronZl^ 6etorine6 xoneB in tne noNn xveBtern part ot tke
area. inentione6 on paZe 83 tneBe rocl(8 iniZnt de torineck vvnere
a la^er ot iinpure liineBtone naB deen Bud^ecteci to intenBe 6ekorlnation.
Inc BtratiZrapnical poBition ot tneBe rocl(8 i8uncertain Bince it cannot
be 6eci6e6 wnetner tne garnet ZneiBB ouZkt to occur inoBt nortneri^
or not.

Inc denavior ot tne tolck axeB i 8a 8inentione6 adove inoBt

6iBturdinZ. >Vnen conBi6erinZ tne area a8a wnoie one ina^ Btate
tnat tke «regional» axiB ok tol6inZ i86irecte6 eaBt-weBt an6witn a
BiiM, >veBterl)^ plunZe tor tde nioBt part. VeviationB troin tniB general
ruie are toun6 oni^ locaU^ and inoBt otten in tne peridotite an6
in itB S2Btern continuation at li.^6tin6 an6Btortin6. It BeeniB tnere
tore to de a6iniBBibls to concwde tnat tne ckange in plunge ot tne
axeB i8cauBe6 d^ tne great rigid niaBBeB ok peridotite (and ainpki
dolite) in connection witn tne plaBtic denaviour ot inan^ ot tne rockB.
It i8tnerekore not BurpriBing ttiat inoBt deviationB are tound in tne
lirneBtoneB (and eBpeciall^ in tneir c1o8ure8).

lde adove-inentioned i8one indication ot tne poBBibilit)^ tnat
tne peridotite i 8older tnan tke detorrnation reBponBidle kor tne
tolding and inetainorpniBin ok tne roclcB. Inc Btud^ ok tne peridotite

lendB turtner Bupport to tniB view.
tne inan^ Binall inetarnorpnoßed ultradaßic dodieß in tne

tectoni-ed garnet gneißß ok tne peridotite xone indicate tnat a dreak
down ok tne large inaßß ok peridotite Kaß talcen piace. I^urtnerlnore,
tne drogen and partis digeßted<,remnantß ot garnet ainpkiboiite, lime-
Bilicate gneißß, B^arn etc and tne in^ionitic appearance ot tne enc!oßing
garnet gneißß witn itß la^erß ot tne crußned reinainß ot garnet
porpnxrodlaßtß cleari^ Bnow tnat tne inoveinent around and along
tne peridotits waß extrerne. Inc upper ampnidoiite-danded Berieß,
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to vvtiicn tne peri6otite BtratiZrapnicallv delonZß, 18 tranßkorine6 to
tniß «invlonitic» cIoBS to tne peridotite.

Further evi6ence is obtained from the upper laver of limestone
which in the southern part has bands, layers and patches of amphi
bolite, skarn and lime-silicate rocks, but which around the peridofite
appearB as a banded series in which the components of the limestone
are separated into bands according to their different physical
propertieB, 80 tkat a BerieB of mardie, skarn, ainpkidoiite, etc. is
formed.

Thus all evidence favours the view that the peridotite was formed
in an early stage of the folding.

Inc peri6otite at i8tne eaBtern continuation ot tne
perickotite krom anck tne two narrow B^nclineB witk
traZinentB ok ultradaBie roclcB ars tne dottoin ok tdiB xone. It 18 not
BurpriBinZ tnat tniB elonZateck riZi6 inaBB naB cauBed BeriouB 6iBtur
dance in itB BUlroun6inZB in tne BudBec^uent pnaBLB ok
an6tkat BiinultaneouBix witn tke latter it KaB deen drolcen 6own into
Beveral Binaller inaBBeB.

Inc picture ok tne Btructure ok tne area arrive6 at adove BnowB
tnat tne peri6otite i8Bituate6 in a BerieB vvnicn i8norinaii^ duilt up
ot dan6B ok ainpnidoiite, lilne-Bilicate ZneiBBeB, niica-BcniBt etc. Inc
Baine dan6e6 BerieB i8koun6 in tne I^on^ai anticiine vvnere it dorderz

on tne Zranite ot tne I^lsijtttin6-^li66aZBtin6 B^nclinoliuni. It torinB
tne dottoin ot tne latter in tne tioor ok tne I^on6al vaiie^ an6appearB
aZain in tne nortn liind ok tne B^nclinoriuin in tne nortn Bi6e ot
KlMtind an6Boutn ok to tniB interpretation it
i8tniB la^er >vnick korniB tne coinpreBBe6 anticiine in Btortin6. Nere
all traceB ok liine-BilicateB are lacking. 1"ni8 xone naB deen tolloxve6
to tne weBt to tne nortn Biope ot Irolltin6 (et. 5, tiZ. 2).

IniB ainpnidolite-dan6e6 xone i8Bituate6 detween a lower BerieB
ricn in lirne-Bilicate material an6liineBtone an6an upper BerieB ot
niica BcniBtB. In nian^ placeB tne rnica BcniBt naB deen entirei^
Zranitixe6, 80 tnat tne Zranite dor6erB on tne xone in queBtion. In
tne previouB paper (5) tne Zranite xvaB interprete6 az tne reinnantB
ok a torrner ZneiBBic tnruBt Bkeet vvnicn durinZ tne koidinZ na6deen
tol6ed witn tne Be6iinentB an6in kavouradie placeB na6Zrown at tne
expenBe ok tne latter. Ik tniB interpretation de correct tnen tne
anipnidolite-dan6e6 xone i8Bituate6 not tar delo>v tne tnruBt plane.

I^ltradaßic roclcß nave onlv deen odßerve6 in a kew placeß in tniß
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xone, nanietv in tke LnZenbrX-Il.^6tin6 xone an 6in Binall inaßßeß
288ociate6 witk tke ainpkibotite nortk ot Irotttin^.

Thus the ultrabasic rocks of tkiB region are associated with a
banded series which stratigraphically lies between two series of
rocks of very different mechanical properties, viz. mica schists
and calcareous rocks. Ikev inav Even have a certain eoimection witk
a xone of tkruBtinZ. liiiB ineanB tkat the peri6otiteB are kound in a
zone which may have been the site of strong movement, either in the
form of movement between layers of different competencies or in
form of thrusting. The last-mentioned possibility in a way includes
the first-named since the thrusting of the gneiss sheet over the mica
schist may have resulted in an associated movement of the mica
schist over the calcareous series.

We have thus in this area as in so many other mountain chains
peridotites associated with zones of strong deformation (shear- or
thrust zones) and formed in early stages of the folding. In the
subsequent phases the original large masses were broken down to
smaller ones and the parageneses of the rocks were transformed in
conformity with the degree of metamorphism. At the same time the
xoneB containinZ the utti-abaBicB niav be to!6e6 80 that the rigid mas
ses occupy key positions in the Btrueture while ttie enclosing rocks
are folded in a more normal way and often have flowed away from
the peridotites.

In tke preBent area it i'B Btill poBBibte to 6iBtinZuiBk tke priinarv
nature ot tke Be6iinentarv loc1(8, but alt traceB ok tkruBtinZ kave deen
obliterate6. Ik tke «rniBe en piace» ot tke periciotite in one wa^ or
anotker i'B connecte6 witk tke tkruBtinZ proceBBeB tke rick in
peri6otite inav be UBe6 in tke atteinpt to exptain tke Btructural
evoiution ot tke reZion. IkiB Btateinent can, kowever, not be Bub-
Btantiate6 until att tke peri6otiteB ot tke reZion in HueBtion kave been
Btu6ie6 an6tkeir relatioNBkip to tke Btructure eBtabtiBke6 (ck. N. U.
HeBB, 3). >Vken tkiB KaB been 6one tke peri6otiteB mav be UBetut
toolB in tke Btu6v ot tke tectonic evotution ot reZionB witk BtronZer
inetainorpkiBin a8kor inBtance inanv kre-carnbrian areaB, vvkere tke
peri6otiteB are tounck in ZneiBBeB an 6ainpkibotites ot uncertain
oriZin.

In tke previouB paper (5) an atteinpt waB nia6e to 6iBcuBB tke
Btructurat evotution ot tks reZion un6er CoNBiclelation an6tkere 18
not innck to 266 kere.
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The first pkaB6B of koldinZ nere characterized by thrusting of
the sheets of granite and by the primas folding of the sediments
(zig-zag folding of the schists, slip folding of the marly and calcareous
rocks). The mise en place of the peridotite belongs to this phase.

There was later a second pkaBe of folding which brought the
sediments and sheets of granite to deeper levels of the crust resulting
in an intensive metamorphism at amphibolite facies conditions. The
traces of thrusting were obliterated by granitization and all
discordances disappeared since the less competent rocks arranged
themself conformably nitti the competent layers. The zones of
peridotite were folded.

With decreasing tectonic activity and with decreasing meta
morphism the pegmatites were formed, but as shown in (5), plate 111,
fig. 5 movement continued after the emplacement of the pegmatites.

In the latest stages of deformation crushing took place in limited
zones, at Engenbræ especially in zones parallel to the strike of the
layers and often along thin beds of mica schist.

"lke kracwreB and jointB opened up durinZ tke laBt pkaB6B were
in nian)s caB6B tilled d^ and calcite.

Postscript.
In tke preBent paper tke Btructure ok tke LnZenbrX area and

tke inoBt important t^peB ok roc^ kave deen treated. "lkere iB, kow
ever, Btill muck more worlc to de done on tke rocliB ot tkiB area.
LBpeciallv doeB tke metamorpkiBM ot tke lime-Bilicate ZneiBBeB
deBerve a more detailed Btudv, Bince tke deZree ot metamorpkiBM ok
tke area i 8Buck tkat tke original nature ot tke ZneiBBeB can de
determined witk a kiZK deZree ot certaintv and Bince, on tke otker
kand, tke inetamolpkiBin i880 advanced tkat tkere are manv Bimilari
tieB to tke kiZklv metamorpkoBed roclcB ot manv ?re-camdrian areaB.
In tkiB wav tke vvriter KaB tound tke clueB to manv prodlemB in tke
?re-camdrian ok >VeBt Oreenland at UolandBtiord.

It 18 mv kope to de adle to continue tke worlc on tkiB intereBtinZ
region.

Sammendrag.

Bjergarterne omkring peridotiten ved Engenbræen, Holandsfjord.

Det toreliggende ardeMe er en viderek^reke at ds underß^Zel-
Ber, Bom i 1952 dlev udtM ved Holandßt^ord i at
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S. Skjeseth og forfatteren. Allerede i 1952 kunne jeg gjennem
venlig imødekommenhed tra Direktør S. Føyn arbejde på den ud
mærkede blotning, der ligger foran Engenbræen. I 1954 fortsatte jeg
dette arbejde med økonomisk støtte fra Københavns Universitet.

Jeg er Direktør 8. Føyn og Statsgeolog S. Skjeseth megen
tak skyldig for den støtte N.G.U. har vist mit arbejde og ønsker også
at uttale en varm tak til mine venner ved Holandsfjord for udvist
gæstfrihed og hjælp.

Det undersøgte område opbygges af en stærkt foldet serie at
glimmerskifer, amfiboliter (ofte med diopsid og granat), kalk-silikat
gnejser og kalksten for at nævne de vigtigste bjergarter. Metamor
fosegraden svarer til amfibolit facies. Folderne er snævre og dybe.

En stor peridotitlinse, der er en fortsættelse at peridotiten fra
Rødtind, ligger i områdets vestlige del. Den er indesluttet i en bån
det serie, der stratigrafisk ligger mellem en øvre glimmerskiferserie
(-f granit) og en nedre kalkholdig serie.

Oen dan6e6e Berie, 6er er rig pa ainkiboiitdanck, er ornkrinZ peri
6otiten u6valBet til en ZranatZne^, 6er rna optatteB 80in en «tektonit».

Det påvises, at peridotiten er «kommet på plads» i en tidlig
fase of foldningen, og at den hører hjemme i en zone karakteriseret at
kraftig bevægelse.

I 6e Benere taBer at kol6ninZen er peri6otitrnaBBen dievet bou6i
neret oZ 6en nar pa Zrun6 at Bin Btivne6 vZeret 2lBaZ til kraktiz «me
KaniBk 6ikterentiation» i de in6eBlutten6e bjerZarter.

lil Blut ZFreB 6er re6s tor peri6otitBtr^eneB inuliZe detv6ninZ
tor Btu6iet at 6en Btrukturelle u6viklinZ i tol6ekX6erne.
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