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19.09.86 1900.00 A.Korneliussen

Rombakvinduet har gjennomgått epidot-amfibolitt/amfibolitt-facies metamorfose
(P > 6kb, T 575-600°C), som er tilsvarende den metamorfosen som det over-

liggende kaledonske dekkekomplekset har gjennomgått. En senere grønnskifer-
facies retrogradering, muligens også ved moderat til høyt trykk, har påvirket
vinduet i varierende grad. De fleste steder opptrer ingen eller bare utbetydelig
regrograd reekvilibrering av mineralene. I et område langt øst i vinduet
(Muohtaguobla) har imidlertid grønnskifer-facies retrogradering så godt som
fullstendig utvisket tegnene til den tidligere høyere grads metamorfosen.
Intensiteten av retrograderingen i Muohtaguobla-området kan muligens
relateres til et større N-S-gående lineament i de østlige deler av

vinduet.

Emneord

Berggrunnsgeologi

Metamorfose
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INTRODUKSJON

av Are Korneliussen (prosjektleder)

Dette arbeidet er et ledd i USB-prosjektets undersøkelser i de sydlIge

deler av Rombakvinduet, som har hatt som formål å vurdere mulighetene for

gullforekomster.

Mens denne rapporten omhandler den metamorfe utviklingen, vil en annen rap-

port av E. Sawyer (under utarbeidelse) ta for seg strukturgeologien.

En tredje rapport (Korneliussen og Sawyer 1986) beskriver den generelle
geologiske utviklingen og diskuterer gullproblematikken.

Struktur- og metamorf-geologi tillegges stor betydning i den samlede vur-

dering av området. Dette fordi hydrotermale gullforekomster ofte vil være

tilknyttet skjærsoner som har virket som kanaler for hydrotermale

løsninger. Slike skjærsoner kan påvises gjennom et metamorf/struktur-

geologisk studium. En slik situasjon er påvist i Muohtaguobla-området i de

østlige deler av vinduet.

Skjærsonene i Muohtaguobla, som har virket som kanaler for 1120-602rike

løsninger som har retrogradert (hydrert) mineralselskaper i omkring-

liggende bergarter, er trolig assosiert med et større N-S-gående lineament

i Rombakvinduet. De nærmere omstendigheter i denne sammenheng er ikke

undersøkt.
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METAMOREHIC ASSEMBLAGES E,ND CONDITIONS IN THE FOMPAk HAFMENT WIHDON.

E. W. SAWYER

LOCAL GEOLOGi

The Rombak window consists laroely of early to middle Eroterccoic

granite, syenite and minor basic to intermediate plutons dated at 178( Ma

tGunner, I99II. These actes rt -r believed to reflect either Er e

earlv Proteroatoic metamorphisw. These plutons iritrude earl v Proteroco,c

volcano-stadtmentary rocks that appear to form tgo distinct oroups. lhe

western part of the window twest of the north-trendinq lir:eamerit oear the

Norwav-Sweden border Fio. It the supra crustals contain alkaline te

subalkaline basic to acidic (but mostly intermediate) volcanics ond low

log kg0 oravgacbes and pelites. Some of the basic and intermediate-

rocks are pyroclastic or tuffaceous in origin. Marbles, cenolomerates and

quart:ites are also present, but relatively uncommon. The eastern earlv

Proterocoic supracrustal sequence contains marbles, gravwackes and lowst

subalkaline tholeiitic metabasalts and possible komatiites. these

metabasites have a N-110E8 type chemistry whereas those of the western


supracruStals have alkållne affinities tkorneliussen, in prep).

Pf uncertain acie bot youncier than the volcano-sedimentary sequences, ts

oroup of quart:ites and pelites and possible tillites tlorske, pers.

comm.1 tn the Muotaquobla area. These rocks were censidered to belono to

the lote Froterozolc-Eambrlån Dividal Group hmrI'piand ci .

tr-,“]or-phIc st,-  tdo of thesu rocrs is uncert,,,mo (Flo. 1) hdt rimnir thu IP9s

time are cr-o I mo detm,romohno the ,=“Irr strocturril (uLd artaenriduis eYontr:
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in the komhab Lndow.

HiP aC(' fl/ectln,;t ed to dtlEll ate ntim•n on Flo. ,ddti nn

samptes were aIso collected I m tho sputt letm of .t.c.rni-JAlboth ri

Ourd I atea dhd hetween Muntudu la and the Sbjumdalt2H-Sot dnlnlihaFitilim


area.

RUnt COMPOSIIICk

Manv of the volcanin and nlutonic rochs of the Romhal Rindow arp

altaline to subalkaline, and in general are potassic. For the more åcid bulk

sompositions three hnO-bearind phase_, hiotte, NaltonIca ehd ntcroctin ate

prEsent. Intermediats canics that are nnlorich contain

icrocline and biotite as the mdin sotassic phases. hat amehibele

contains minor amounts Of I Emen those intermedlåte to hasic recbs

nontaln onlv biotite amphinclet are sufficently potassic to have 2° 0

atodal biotite. In the tgesterrt part of the window very teut bastc to

intermedtate rocks åre nf ttat 101.1 nktvce containIne less tltaf 5modal

biotite, howeven this type domtnates in the eastern part cf the Rindou (n.e.

kuvssoloppen, Romer in prep.; norne ussen, 1n prep.).

All rocks eamitned petrceraphically tencept the marblest contain quanta,

taphene tor ilmenite), mannetito and å sndic plaptoclase, thus the princinal

mineralogical changes in thp plutnnics, volcanics and metadcay bes can he

shoan in a tetrahedron with pices (II1,0,4Fe”0nt, (Ca0), (MgOgfetnIknO), Ia0

t in. 2 Ebtortte, that on tnt:turat nrounds is part of the pregradn

dt,nemblage, has onlv been fettnU t'tnut nf 2ou rocks. And (C,,PYI'r,tE

alnite and amphthole 1n int (flt,didte ycicri,n. Nc, proptade nhlorite Mc

been observed in the .i.etdutd Les ad metapelites. Gdrriel rich 1

Lpe,:.5.- irtIne (1u-16 ut HuN lJF. mi. ar I ,

. il cii ear d I fl I 7 r i, ed1('1, (lfid n,aac
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andestne and blottte “lut dlophtholet Ihe luLt ui

	

due to rit-ipprci-(r- 1 Ei e 5u II

cfnito.:Itlari9 (,'±. the [2.0ffibak o:4;lJ.A', itO ai e It5i4 1 ,r4 7, ed

to carset amphibolltes 1990! cr, h! tnappropriate metamorphis


eonchtions.

MINERAL COMPOSITIORS

Piotites: Optically, in handspecimen and in thin section, the Ronbak

biotites are generally green in granites and the metavolcanics, only in the

metaoravuacies are thev brown. However, plotted on the blotito cospositien

space of buidotti (1984) the Rombak biotites fFic. d) are tysical of

metamo. phic blotites in general. Rombal biotiteo (rom goanites ahd Evenites

haye lower ho;f1dfket) ratios than Ciotites from the ihteoriedtette etnd bssis

metavolcanics. id;oth bictite croups show a deneral trend of increasine

content with decresse in tla/(Milf-Fe) ratio taipletri le,chermel -type

exc tara e. bi hte all the h otites come from mis Iaciinu sn til ..g1 05


polymorph, and in most cases coe./.ist with madnetite it is to be eapected that


Rombak biotites contato significant FeC. Typically the RombaS blotites

contain about 0.2 atoms Ti per formula unit, and the data also follow the

well known trend of increasinc Ti content with decreasing thl/(flafFeT) ratio

(Guidotti, 1934).

b-hearino white mica: flotting microprobe analyses of Rombak h-white micas

on the AI -nIv1-(mn4r-e1) diadram of Ge dnt 1991 )rOw devition trod

ideal muscovite fflo. Most of the samples 1 II flose to, or on the

musce,,:te ce!,-tdontto top!ying i tlet Fe ;((L.r: S:nce

mactriet:to COeXISHo witli Fwtiiti the Itorob,-, , Ha»

ffrol :h ttit 1 t 91,1 . (,Ithoeuti hell roct

tHlip01.1 t i(Jr, 1 ri I Iii 1 I iI (li,(I ( «i. I yr. t i' i. ("( i I i I ( the
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sphene/ dmenite

K- f eldspar
epido te fl

\\\

K white
mica

gernet/chlorite\
/ //Ca0

chopside amphibole

(Mg0+-Fe0±MnO]

Ficture 2 Conpositten terbedron showinq the assemblaqes found in
quart:-placiloclase maonetttu-sphene/ilmentte beartho rocls of the
Rombak Window. The essential minerals in the Rombak rocks can he
ei:pressed in the I component system: k flO-Nac,0-CaP-MqU-hell-
InO-n1,0-che,0--TIO, St0,-11,0. Stnce quart:, altite,a - - .
spherte/ilmentte occur in all rocks 5t0 o , Na u 0 and Tina can be
regarded as ft::cess conponents. The fittid 'fthase present durinq
metamorphisn ts treated as pure H?G, enablinq a!so to be
treated as an etcess cncaoenent. Ihis pernits the sunber of
components to be reduced )0

( ) () yP) aOl Man e0fMn01.
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ROMBA 3IOTITES

19Fe5A14515020( 011)4 K2Ng5A14515 020(01-114

siderophyllite eastonite
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e t
•• • 0 •
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annite Mg/(Mg +re) PhlogoPite
K2Fe6,412516.020(OH)4 K2Ng6A12516020(OH)4

14
••
" •• *

•
 • 33.1/4

Figure 3 Oomposition of Rombak biotites plotted on the hiotite

composition spåce of Guidotti (1984), which treats all iron as

keT. Open symhols are from rocks contsining lImenite, all others


from magnetite bearlom assemblages.
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PLAGIOCT ASE COMPOSIj IONS

INTERMEDIATE & BASIC ROCKS
5107

ompf,bcte

59
• 46-44
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49 48-42
53 46-44

104 44-47
151 52-• 41
39 45-42

111 57-44
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120 49-46
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54 54-46
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Lo,ODC'siti on of plaololl e 1r, F:C frib;d hesic and
inted-rtTErdiete oci th?7, contain onle proorade or,r,o profi les.
The sample orderir,n ulong the dertical adis is besed upon 5i0-
contents of roeh st no amphthole. Sampt es 42 and 1771 contaiii;
L-f eldspar ahd soples I I 1 and 112 coptain chlor te. The
uer istur te oap pr esent 1n the Rombal ror Ts is ceopared to those
discussed 115r uyarTa etH., 1982) .
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substitution is also lavoured by high pressure (Gu)dolti, 1;84) and bence the


Rombak K-white mica composition could also indicate growth at moderate to

hioh pressures. All the Rombak K-white micas have the very low Ma contents


(Fic). 4) typical of muscovites with a high celadonite content.

Epidotes: Epidotes range in composition from Ps 0.)7 to Ps 0.34 (where Ps

Fe /(Fe Al) and all iron is treated as Fe+5). Although back scattered

electron images often reveal an irregular zonation pattern in epidotes that

can be related to cracks, it is never-the-less true that epidotes have more

-rich cores. Epidotes enclosed within large plagioclase grains tend to

be idtoblastic and contain less (Ps = 0.2) Fe3+ than typically xenoblastic


matrix epidotes (Ps = 0.28).

Plactioclase: On the bas)s of plagioclase compositions, four types of

assemblages can be recognised in the Rombak rietamorphic rocks:

a) Rocks with two seperate plagioclase phases, one an albite ("n n) and the

other an oligoclase (An)5_20) (Fi_.

	

g 5). Both plagioclases are weakly zoned:

albite in contact with oligioclase has more calcic rims and oligioclase more

sodic rims than their respective cores. This zonation is typicaly of

prograde metabas tes. (Maruvama et aT. , 1982).

h) Rocks with a single plagioclase, typically in the composition rånge

An70_55 (Fig. 5).

Granites containing only albite; in these rocks a more calcic plagioclase

has been e:densively altered to epidote + albite, hence the presence of

albite may be related to plagioclase sausseritization possibly as


retrograde feature.

A few rocks from the Sordalen area, bot many from the the Muotagunbla

area contain albite and olininclase, however, the :oning pattern in these


suggest a retrograde formation.
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AMPHI3OLE CO\IPOSITIONS

•
•

ut

F i our e CC)ffi[iOSt ti on of Romb å amp hi boles . Closed svobol s
ind:cate amphibole coecJcting with magneti te, open symbols
coeNistinq wth ilrneriite. Note that ijoenite onl y acrurs In the

	

oucl ase-andesiee hearion sanples e. amphibole f aelfs
assembl ages).

••
v • •• v
*e* •

4• • •
•• •

coexisting with
albite .

••• • n
CO •

eou
•

(4 ) 0
0 •

	

1) • •.) • •*
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oligoclase or andesine
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rtec t ft arrly mma iteE3?) It shown t hat the nr, ter,i

albite dependent upon the pres re mt which the albitee rtrew 1:]dlier

pressures fayour more sodic composittons. Compsr .nn Mo Pcmhat tcrrjdi.

alhites with data from Maruyama et si., (1982) euggests that they furmed

under medium to high preseures in the range kb iFtp. 5).

Mmohiboles: ftmphtholes from the inlermediate te taeic voicaniLs

composition from actirtnitte-tr olite to ferroan paraneito Mane. r

tGo distinct, or more usua!1 .5, a range of amphibole compositions. d or

mantled cirmins have coree that contain less Al. Fe and n: thån the rtms er

mantles. Amphiboles thåt roedist with aibite tend te eontsin more StUy and

less Mm and Fe than those coenistino with more cslcic plauioclase iFirt. b).

PiIIthe smehtbole5 come from rocks thst contarn a Ti satucatle p)ar. u.ther

sphene or timenike, theh the tow 11 contents (005 it per ce:yaC,

reflect amphibole formntion at medium metamorphic pressures ner, 19.32r.

Clinopyrot:ene Dioinside containing approtimate 0.5 wt Mar.0 occur in nne

subaltaline low-t matabasite. Weat oninci indicates that ner arc si ichtiv

more ferroan thar cores.

Mannettte: Mannetite ie the opague phase in most of the hombek rocks.

mtcroprobe analyeee indirate nn ilmenite interctrowthe; and a low li rontent

The only e:.ception le a sinble eample which contatned li mannettle mrtaininn

2.4 wt X itO, in the coree and 3.5 wt at the rtre.

li-bearinn phase: :lost rur I s contain epherie, trON (' e • 

011 al ar b(r id intermrdiate to hy s lc r,r t P

ofter with madrotite. )1mf te reetaihr reikee' . I r I
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flarnel: enal ed parnets ane s mall fri..7 }

run-tituents ot the rocks n thry occur. ell p,rnalt

hpessertine r 1n the cor rr. J•/)ilC» ear net rin omppt t tr


dre A10.3, Spess0.31 Fy0.04 Gross0.26.

PHASE RELAIlONS

Mineral assemblages are more eaEily represented by proiectIon trnn

epidote onto the + Fe20,)-tl: 2 0)-(Fe0 + MdD + MnO) face cf the

tetrahedron shown in Fig. 2. Such a A*-[-FM crotection (Fin. 7) is sulteble

for wust ut the Rombak rochs, only the meta,ray ches (no ecidote)

marbles cannnt be hatisfactority sho•n. Flgure 7 clearly illuhtratet

hetrLite mica is confined to the bult composition conteining e laree

component, wherees enebibole occurs 1 oe aeeenblartes. Ihe -;(1 I


micatbiotite and blotite-amphibole tie lines divide the Rombak rocks itto two

orouch( those with high 1(e0 contents in which t-feldsear coeGiht with onh er

two nther U20-bearing phases, and a low rflo etoup in which biotite is Ihe

only h do phase and coexists with chlorite cr garnet Etulh compositionh with

low I. and ION A1 --d which contain a single cladinclase (olleinal(ise Gr

andehine) (tig. 8) may contain diopside, whilst more aluninotth Corrip0E.iticnE


contain garnet but not amphibole.

Crl theacth Flq. and 8 show al 1 the observed mineral aosembla

ecidote-bddring rocks trom the Rombak Window it is obviouh that such

oroiection cannot show the Fe-Mq solid solutinn thdt dffect dll the plitties

et:cept epidote aud -feldspar. Thus, orther pro tect ron i i uqui r

LIte ttrf eldpar hear inc rocks onto Itre p ane (Fle. ft, er r I t

lachine h feldspar a projection frop eciduth oitto fl--lM is utted u

tO the protertion ri ef,d1 liar t ( (f/r!)) . hom tr,

t i ir i r r
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epidol e
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Fioure c A f -h-FM projection of mineral compositions fcr Romtiåk
rocks containing albite K-feldspår.

INTERMEDIATE & BASIC ROCKS

1-120

quortz

oligoclose/onclosine

epidole

reognetite or
ilmenite

biotite garriel
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\\ amphibole

to ibobsiCii

figure 8 * -F -M projnction for uligoclase/andesinn bear incl
intermedlåte and hasic rucLf. t,lote apparent tinvelopment of
amphibolite facies assembl•up in loA K rucLs onlv. this may hii ån

at tif act
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ACID t\ INTERMEDIAJE ROCKS DIAJE E3ADJC ROLK`:-,

qucrl:

altni e

epidole

mognelite

.sphene

mirrochnv

ly)
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(7)1(101e

mogneli 1 e

sphene

o F NI NI

0 0•5 1•0-=[A(203.Fe203 - N020• K20 • 0-75Co0ll A.-11o203 • ke202 - (No20 • 0.75Co0

Filure 9 A**-F-M and A*-F-M projectionb for alblte beårind rocks
froe the Roebak window. 0-whtte etcas olpt at the top of the
diapeae, btotites ånd chlorttes (totahetes! to the centre and
aophibole at the bottoe. Open circle.; Indtcate aephtbo!e cores.
F-whtte oicas, Otottte and chlocitas represent the everade
ofseeral ånalyses, but the rånee tc seallec thah the symbol used.
Heåey lines s grånttes, light lines v ,otereedtate and basic
roc;s, de,shed Itnes = sheåred interecdtate and bastc rocts.

INTERMEDIATE & BASIC ROLKS

,H,r)
QL1(11ti

ple:»;

•

sphrrh, b•menile

Ftoure lo A*-F-M plot of aephltplIt les :Nbk-,91- 3 lh
intereedtate to basic rocks. Seu.ttes nthi-rev mbols as

on Elg. 7.
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1TROGRADE INTERMICIATE ROCKS

1(20

quorlz

olbite

epidote

magnetite

sphene

129

FICIUre 11 Retrograde zonation proflIes in flDLI flu. Sordelen

(110) and Muntacluobla. (127 1, 129). Note the H-Jiti=1 progr., de

:onzug trend in the Muotaquola sample iollowed by the retrodrade

trend haci to actino1iteitremolite. Sample wIth chlorite-blotite

represents a completely retrogresned intermediate volcanic from

Muotaguobla. Trianples = chlorite, oden cirrles r amphihole


coreb.



-19-

CHL /EPIDOTE-
/Z_EP31-1++1AMPHIBOLITE

8 CHL±ALB ±EPI QTZ EPI + 1-1E3L+ALB EPIOTZ
I 017 /

6 GREENSCHIST
FACIES

a_ HBL PLAG QTZ
4 / !AMPHIBOLITE

FACIES
2

/

D-
0
400 500 T .c 600

Figure 12 P-T diagram of relevant eguilibria for basic rocks from
Moody et al., 119821 eindApted and liou (1983). A = begining of

chlorite breakdown, Ei= chlorite out boundary markincithe begining

of epidote-amphibolite facies. C = upper limit of epidote +
albite stability mårking the appearance of amphibolite facies
assemblages. A, Eiand C at NNO. D boundary of amphibolite facies
at fOs of IM buffer. AlsOs triple point from data in Helgeson et
Al.1 11978/. Region between A and Ei represents the transition

region from greenschist to epidote-amphibolite facies.
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plotted on with the onderstånding that C((J5jI v tip lincs cuuld

result (Fin. I

	

Figures 9 and 10 illustrate the principal chancle from albite-bearing to

higher-erade olinoclase/andesine-bearing assembtages. In the basic 2nd

intermediete tocks the difeeepearahce of chlorite accenpahles an increesc th

the Al å tle and Fe0 content of amphibole and a decrease in the Fe 3f content uf
c c

epidote. The atoph:hoIe cooposItion chanoe can be nEc-! IS the swino cf thc

aophibole rim-hictite tie lines from Fig. 9 to 10. Ihese chanoes ccincide

with the 02-21 and 5102 channes shown on Fig. h. Ihe coevisterice ot alumikuuh

amphibole (hosnblende) with albite (Fiqs. b, h, 7 and T) ic some roc)s ts

significant, ehd indicates the presence of the epidote-amphihol te iacies.

Thus althoonh the 9ombat rocks show the same oineraIonicaI artd compositicoal

trends as reporled by Miyashiro (197:), Laird (1980), Mexpeuame et

(1935) for the greenschist to aophibolite facies åssembleges, they elso


include the ihtermediate epidote-amphibolete fetcles.

Breakdown of the creenschist facies åssemblage to that of the epidotet

amphibolite facies can be approrimated by:

chlorite 2Ibite 4 epidote + actinolite + quartz =

horhblende albite f epidote 020

(Apted ånd Ilou, I93;), and subsequently amphibolite facies assembledeh

appear through the 102 dependent albite + epidote breatdown e.n.

hornblehdel alhite 4 epidotp noart: = hornblendes 4 pIeonincIase

(Apted and Lino 1995).

Whph tecturaturps hecome hiqh enctonh, diffo on within :nned, GI

mantled, amphiboleh should yield hornhlendes of the heer oniforo compositinh

haracteri tit of aophiholite latieh, Hernhlende hintItt) tip liner shculk

then swinn Itetl hhmewhet thwardh Mq0. fhe r-r r -ui.q tlk I ir. it Hr ..... salI:

roned 1n Ofit2 Safftleni f 11(1r4' i!J ininn of hukk



amphibole hosogenIsåtlon.

It 1s ålso :nteresting to note that the I -4i-ldnç! »I bt4rIro :nternechaie

r ocls 1Fig. show a siollar amph:hole cempo tirdi chang and

blotite-amphibolc rim tie linc teinc as the K-feldspu: frrr rocis. Howeser,


Fig. 7 indicates that the K-feldspar bearing rocks cannot contain chlorite at


these metamorphic grades. This, therefore implies that the increase in fekl,

Nan0 and of the amphiboles arises soley bh epidote ånd alhi to

breakdown, or alternatiyely biotite breakdown occurs lanalogous to chlerite

disappearance in low h-rocks1. A reaction similar to:

albite + epidote + actinolite + h otite1 4 guarto =

hornblende + albite + K-feldspar +

ma be appllcable to the K-feldspar bearing intersediate •olcanios in the

transit;on froo oreenschist to higher oetasorph:c drades.

Figures 7, 9 ånd 10 show that the samples fros ductile shear have

erperienced an increase in A 41 cosponent dur:no deformation. ihe hornblende

+ K-feldspar • blotite or biotite + hornblende assemblages in massive

intermedlåte metavolcanics are replaced by K-feldspar + 1-whlte sica +

bigtite or garnet + k-white mica + biotite asseoblages respectiveL ar the


follated rocks o= the ductile sheår ocnes.

Although most of the Roshål: rocks show ooning profiles in asphbele.

epadote and plagleclase that is consistent with prograde metamorphism, some

roeks, notabi roo the Muotaguobla area, contain tertural and sinerålogica1


evadence of retrogression.

AophiboIes in an intermed:ate oetavolcanic froch SortLileo Fig. (1)

show a neyerse ronation trerid with aluoinous aophihole cores and

actinolite-tremolite rios Teaturally the Sordalen rud; does not appcar

r etrogressed Howeyer, the MuotagnobIa area contains rocls thåt are aften

omp I etcl y r at r og r05 sed to chl nr itehb nt i I  • 1"?,F a q. 11 t hel ess

partiall t arrd chlor rnplu bol e sas lo, 11q. «)n t
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of t he ear I ur proorade mot agmar );:stor a 1n theii :on

profmles Thus the amphlboles c.f 12: aCti Hol te- tremo! t (

suiroended by alumificus amphlbole (hcooblefide) g fitles which are in turn

mantled by actinolite tremolite. Albites from the cetrogressed rocks are

very sodic (An0_21 and suggest that the greecschist retrogression occuced at

high oressure ()4 kb).

METAMORPHIC CONDITIONS

The mlneraIodica! and compo tiona) data )e basmc to mntermedmetc

volcanic rocks of the Roaih:d. window arr cheracteristic of metamorghic

conditions traositiorial form the oreensihist faclea to the eptdoto

amphibolite and amphIbolite fac es. Howeuer. thms transitior occurs over


considerable temperature and pressure range because of the bulk compositional

effects (especiatly f0 a ), and the transitioo principalty involves continuous

reacticns (Laird, 1980; floodg ct al., 1932: (cted and hieu, 1983). Ihe

presence of the epmclote-amphibolite assenblanes precludes metamorphism at

pressures l< 3-4 kb), The composition of Rombak k-white micas and albites,

together with the presence of kyanite In some quart: veins also suggest


moderate to high pressures.

	

The breakdown of chlorite and epidote (A, Flq. 12) and the production of

a more aluminous amphibole becins at about ),00 - h25 °C (Moody etaI., 1982:

noted and Llou, 1983) under fO2 conditions sultahle for mactnetite stability.

Since chlorite is present in oiiiv three of the Nombak rocks (and mn those it

coeqmsts with aluminous amphibole) the chlor ite out reaction provIdes a lower

estimate of temperature. From the 0 and Iments of Apted and tleu

(19133) carried out uuing å natulal basalt utmullon maturmal, the chlfirmte-out

r ear t 1 on'S , F 12) c urrm at 10n mrarti I at tho 8t10 truf

I r, . armite r 01111v4 {-Il t o ct 1•t hi. r. I 1 IJCI
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pf the epidote amphibelite facies.

	

the amchibolite faries begins with the devetsprenr pt herntIesdt

hornblende-oticioclase/andesine ilmenite assembladp rOiyashiro, 1S7,

resulting from the breakdown of epidoto and sphene. this transition is also

strongly dependent upon 402. At the NNO or HM buffers the epidote

amphiholite facies presists to much higher temperatures than at fn?

conditions of the IM buffer (compare C and 0 Fig. Oondr. et al 19R2:

Apted and Liou. 1983). The temperature difference can amount to as much

IO0 °C (Eie I2 Since, in the Rombal. Window rocks containi nq transitional


upper greenschist, epidote-amphibolite and amphibolite facies assemblades can


occur within a few tens of meters it 1s unreasenable to orupose local ohorp

temperature or pressure gradients. A more reasonable er:planat on for the

close prodtffitty of the three assemblapes is dariations in the Lull

compositiou, especially fOw which stabliqed the three assemblages at similar

P-T conditions. In support of this is the observation that magnetite is the

opague present in most rocks, but some recks contatning the amphibolite


facies assemblape contain ilmenite.

	

The observed mineral assemblages tn the bapic and intermediate volcanic

rocks of the Romhak Window is consistent with metamorphism at temperatures

between 575-b00 °C and pressures oreater than 6 hb. the Rroterozoic rocks in

the Rombak Window were, therefore, metamorphosed under conditions not

siqnifi cantly di fferent to those repor ted from the over 1yino Cal edoni an


nappes.

OF METAMORIHISM

li the Fncis in the Muotactoubta dree- Ire. II fart Dividal is

Hirkp nd IIS7C1 shows then the str tnrer thav .entaih t he Catedon.an

in arip. Ihereturs, it folInws tha! r Ptl ii r jr) 0 ,}
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offibclent the rorts mubt also be Calecioni I St I t r 09 lb

v de en corp ca, be tr aced nt o adf acent Prtere:oi I Iltel

volcanics, and the prograde epidote-aophibolite facies to amphibolite favics


they centain post-date these structures, therefore the earlier progradn event


must also he Caledonian. However, if the correlation of the Dividalen Sreup

proves to be incorrect, then although the metamorphism ctmll be


Caledoniah in age, isetopic dating on minexcl senerates will be requ red.

CONCLUSIONS

	

The Anobal Window, ct least in its central, western and southwestern

parts, has been metamorphosed to epidote-anphibelite oplifbnlite facies

grades fE 6 Jb, I 575 te UNO°Cl. Evidence fcr tbis is cideL nreseri—' in

the mineral :onation patterns found in the intermediate and basic vel Ca

Thus basement optamorphiso was of siollar grade to tbat which affected the

overlying Caledonieri nappes. A later greenschist facies retrogression,

possibly also of ooderate to high pressure, has affected the window to

varying degrees. In most places retrodrade reeguilibration of minerals is

absent or minor. However, in the Muotaguobla area tbe gr eenschi s t

retrogression hab virtually obliterated evidence of the earlier hipher grade

metamorphiso. Ihe intensity of retrogression in the Muotaquobla area oa y be

related to the enistence of a major N-S trendind structural lineament in the


vifinity.
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