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Sammendrag pd norsk:

Rombakvinduet har gjennomgdtt epidot-amfibolitt/amfibolitt-facies metamorfose
(P > 6kb, T 575-600°C), som er tilsvarende den metamorfosen som det over-
liggende kaledonske dekkekomplekset har gjennomgdtt. En senere grennskifer-
facies retrogradering, muligens ogsd ved moderat til heyt trykk, har pdvirket
vinduet i varierende grad. De fleste steder opptrer ingen eller bare utbetydelig
regrograd reekvilibrering av mineralene. I et omrdde langt est i vinduet
(Muohtaguobla) har imidlertid grennskifer-facies retrogradering sd godt som
fullstendig utvisket tegnene til den tidligere hgyere grads metamorfosen.
Intensiteten av retrograderingen i Muohtaguobla-omrddet kan muligens
relateres til et sterre N-S-gdende lineament i de estlige deler av

vinduet.
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INTRODUKSJON

av Are Korneliussen (prosjektleder)

Dette arbeidet er et ledd i USB-prosjektets undersskelser i de sydlige
deler av Rombakvinduet, som har hatt som form&l & 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 omrddet. Dette fordi hydrotermale gullforekomster ofte vil vare
tilknyttet skjazrsoner som har virket som kanaler for hydrotermale
lesninger. SYtike skjarsoner kan pdvises gjennom et metamorf/struktur-
geologisk studium. En s1ik situasjon er pivist i Muohtaguobla-omrddet i de
pstiige deler av vinduet.

Skjarsonene i Muohtaguobla, som har virket som kanaler for H20-C02 rike
Tesninger som har retrogradert (hydrert) mineralselskaper i omkring-
Tiggende bergarter, er trolig assosiert med et starre N-S-gdende lineament
i Rombakvinduet. De nermere omstendigheter i denne sammenheng er ikke
undersekt.



METAMORFHIC ASSEMBLAGES ANMD CORDITIQONS IN THE ROMEAY EASEMENT WINDOW.

E. W. SAWYER

LAOCAL GEOLOGY

The Rombak window conrnsists largety of earlv to amiddle Froterczoic

granite, svenite and minor basic to intermediate plutons dated at 1780 Ma

(Gurrner. 19811, Thece ages zre believed to reflect either crystallizaton or
early Froteroccic metamorphica. These plutons intrude =early Frotero:ioic
volcano-zedimentary rocks that appear to farm two distinct croups. The

western part of the window {(west cf the north-trending lineament near the
Norway-Sweden border Fig., 1} the suprsa crustals cantain allaline te
subalkaline basic to acidic (but wmostly intermediate) wvolganicz and low
Al 50+, taow 150 gravwackes and pelites. Some cf the basic and 1ntermediate
racks are pyroclastic or tuffaceous in origin. Marbles, conglomerates  and
quartzites are alsoc precent, but relatively uncommorn. The eastern early
Froterozorc supracrustzl sequence contains marbles, gravwackes and low-hL
subaltaline tholelitie metabasalts and paessible fomatiites. lhese
metabasites have & MN-MORE type chemistry whereas those of the western
supracrustals have alkaline affinities (Korneliussen, 16 prep!.

0f uncertain age, but younger than the volcanoc-sedimentary cequences, 1%
a qroup of quartzites and pelites and possible tillites {Tarske, pers.
comm.) 1n the Muotaguebla area. These rocks were consirdered to belong to
the late Froterorcic-Cambrian Dividal Group by FHirkeland (19751. The
stratigraphrc status of these rocls 15 uncertarn (Fra. 1} but never the less

they are crucial 1a determining the age of structural and setamorphic  avents
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1 the Rombabk Hindow.

Ihe areas 1nvestioated 1o detarl are shawn on Fira. L. In addrtron
samples were also collected {from the south side of Foabarbotn and e the
Hordal @rea and between HMNuoctaguobla and Lhe S)iomdalen-Sourdalen-Gautelic

arega.

HULE COMFOSITION

Many of the volcanic a&and vplutonic rocks of the Rombal window are
alkaline to subalkaline, and 1n general are potacscsic. For the more acid bulk
compositions three HoO-bearing phases, biotite, white aica and micrachine are
precsent, Intermediate Yo bhasic wvolcanice that are l20~r1ch corttxin
microcline and biottte as the wmarr osotassic phases. but  amphibole alzo
containe minar amounts of Fa0. Even those intermediate to bastc rocks that
contain only brotite (+ amphitole) are cufficently potassic to have 20-30%
madal biotite. In the  western part of the window very few basic to
intermediate rocke are of the low H-tvpe containing less than S asodal U
biotite, hawever this type dorsinates 1n the eacstern part of the window le.q.
Fuvssotogpen, Romer 1n prep.: kKornetiussen, in prep.!}.

All rocks examined petrographically fexcept the marbles) contain quarts,
sphene (or tlmenite), magretite and a sodic plagioclacse, thus the principal
mineralogical changes in the plutonics, vaolcanics and metagraywackes can  be
ehawn tn a tetrahedron with apices (A1203+F9203), (Ca0), (HoO+tFel+knd) l?U,
Fig. 2. Chloryte, that on textural grounds 15 part of the proagrade
ascemblage, has onlv been found '1n 3 out aof 200 rocks, and coexiste with
albite and amphibole 1n intermediate volecanics. No prograde chlorite has
been  observed 1n the metagraywackes and wmetapelites. Garanet rich 1n
specsartine (10-186 wt 4 Mal) occurs 10 a few roclks ( graniytes, metagraywaches

and sheared intermed:iate voloanigs! and in ecach casgoe coprists wi th



oligiociase-andesine and bratite tnot amphibaler. Ihe lack af
garnet-amphibole zssemblages may be durr to either: a) iInappropriate bulk
compasiticns «s the Kombal metabasites are low tn (A1,05 + Fe,04) compared

te garnet amphibolites flLaird, 1980) or, b)) 1nappropriate metamorphic

conditions.

MINERAL COMFOSITIONS

Biotites: Opticaily, in handspecimen and 1tn thin section, the Ronbak
bictites are generally green in granites and the metavolcanics, orly in the
metacravwachkes are thev brown. However, plotted on the bict:te composition
cpace of Guidott: (1984) the Rombak biotites (Fig. 3) are tvpical of

metamarphic biotites 1n general. Rombal bicotites from grenites and c-enites

have lower Mg/{Me+Fey) ratios than biotites from the intermedrate  and  basic

. . . . WE
metavolcanice, Ecth biotite groups show a generil trend af 1ncreasing At

cantent with decrease 10 Ma/iMgtFeq) ratic implving a Techermali-type
exchange. Since all the biotites come from rocks laciing an  Al.Sile
polymorphk, and in most cases coexist with magnetite 1t is to be expected that
Rombak biotites contain si1gnificant Fetd. Typicallv the faombal biotites
contain about 0.2 ataoms T1 per formula unit, and the d&ta alsc fallow the
well Lnown trend of increasing Tt content with decreasing Hg/{MgtFe;) ratio
(Guidott:, 1984).

H-bearing white mica: Flotting microprobe analyses of Rombak h-white micas

an the nlIvAﬁlvi-(HgtFe1) diagram of Guidott: (1984) shows & deviation from

ideal muscovite (Fig. 4). Most of the saaples fall close to, or on the

muscovite-celadonite otn 1mplying a net Fetd = m? exchanage. Since
magnetite coexists with K-white mica 1n all the Rombal samples, the 1520
mal ¥ celadonite 1n these amicas 185 not unexpected. Although  buli  roc)
compu<itron 1nfluences  the celadonite  content af bi-whn b mlta, the
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Fiqure 2 Composition terhedron showing the assemblages found 1n
quarf:—plagxoclase—magnettLe—Sphenefllmenlte bearing rocks of the
Rambak Window. The escertial minerals in the Rombak racks can be
expressed 1n  the 11 component system: Ka0-Na,0-Cal-Kg0-FeO-
Hn0~ni20:—Feq01~T:Uq—5102-Hq0. Since quartz:, albite,
sphenellfmenrté accur 10 all rocks 5104, Nao0 and Tils can be
regarded as excess components. The fluid phase present during

metamorphisa 15 treated as pure Hrﬂ, enabling H-0 also teo be
treated as an excess component. This permits the number of
companentc ta be reduced to 4 1.@e.
(GI203*56203)-(K:O)“(Caﬂ)—(HgD*FEU+Mnﬂ).



ROMBAK  BIQTITES
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Figure 3 Composition of Kombak biotites plotted on the biatite
compasttion space of Guidott: (1984}, which treats all ireon as
Fey. Open symbols are from rocks containing ilmenite, all! others

from magretite bearing ascemblages.
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PLAGIOCLASE  COMPOSITIONS PERISTERITE GAP
INTERMEDIATE & BASIC ROCKS lafter Maruyama et al 1982)
5:i0;
amptubole 0
59 - = 464t '
L4 R 50-46 =
L9 - - (a-42 |
Igz‘ . . o 25:2? e 7-10 Kb, Sonbagewa
151 - 52-41
394- - - 45-42
11y - = 51-4¢ P 35-57Kb., Vermant
1124 - - 50-45 I N
500 4, \\\
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120 = (9-46 .( \ Vew Zealand
‘21~ o “é ! 2Kb. K \
54+ ShL=0§ i 2Kb., os%gamura
400 h fr \\H\ﬂ
i T T T | ‘—.,-Ll. ,__,_l_\._{‘.','__l
0O 10 20 30 40 S0 ¢ 0,030
Mot % Anorthite AN
Figure § Coaposition of plagioclase in Fombak basic anc

tntermediate rocks that contain onlv  prograde toning profiles,
The zample ordering alang the vertical axis is based ugon 5104
contents of ceexisting amphibole. Samples 42 and 5S4 contain
b-feldspar and samples 111 and 112 contain chlarite. The
peristerite gap present in the Kombal racks i compared to  those

discussed by Maruyama et ai., (1982},
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subslitution 1s also tavoured by hial pressure (Guidolti, 1984) aad hence the
Fombal FK-white mica coamposition could also indicate growth at moderate tao
hiigh pressures. AJl the Rembal K-uhite micas have the verv low Mz contente

(Fig. 4} tvpical of muscovites with a high celadonite content.

Epidotes: Epidotes range in composition from Fs 0.1% to Fe 0.34 (where Pe =

Fe t/Fe*+ L) and all iraon is treated as Fe'¥). Although back cscattered

electron images often reveal an irregular :onation pattern in epidotes that
can be related to cracks, it ic never-the-less true that epidotes have wore

Fe*“-rich cores. Epidotes enclosed within large plazgioclase grains tend to

be idioblastic and contain less (Fs = 0.2) Fe' than tvpically uenaoblastic
matrix epidotes (Fs = 0_.28),
Flagioclase: On the basis of plagioclase cempositions, four types of

ascemblages can be recoanised in the Fombak metamorphic rocks:
al FHockes with two seperate plagioclase phases, Gne an albite tAn _) and the

other an oligoclace mn1

-

5-20) (Fig. 3). Eoth plagicclases are weakly :zcned:
albite 1n contact with oligioclase has more calcic rims and aligioclase nore
codic rims than their respective cares. This =zonation 1ie typicaly of

proarade metzbasites. (Maruvama et al., 1982).

b} Focks with a single plagioclase, typically in the composition range

I

nEG_SS (F]q. 5).

cl Grarites containing only albite; in these rocks a mare calcic plagioclace

has been extensively altered to epidote + albite, hence the gresence of

albite may be related to plagtoclase sausseritizaticn possibly as &
retroagrade feature.

d) A few rocks from the Sordalen area, but many from the the Huotaguabla
area contain albite and oligioclase, however, the :toning pattern in  these

suggeest & retrograde formation,
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AMPHIBOLE COMPOSITIONS
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Eiiﬁigqvé composition of FRombalk amphiboles. Closed symbols
Indicate amphibole coeristing with magnetite, open symbals
coexisting with ilmentte. Note that tlmenite only occurs in  the
oligoclase-andesine bearing saamples {1.e. amphibole facires

assembl ages) .
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Fecently ftaruyama et al., (1882) have chown that  the fin coutent  of
albite 1s dependent upon the precssure at which the albiteeg arecw:  hagher
pressures favour more sodic  compositions. Comparing the Hombil prograde
albites with data from Maruyama et al., (1982) =cuggests that they formed

under medium toc high prescures 16 the range 4-10 kb {Fi1g. 51},

Amphiboles: Amphiboles from the intermediate tc basic volcanics range 1In
campocsitian fram actinclite-tremolite to ferroan paragsite. Many rocis show
tuwa distinct, or more uecua!ly, & range af amphikole compositions. loned or
mantled grains have cores that contain less Al, Fe and Na than the rims aor
manties, Amphibclee that coenict with albite ternd to contain more 5102 and
less Na and Fe than those coewisting with more calcic plagioclase  (Fig. &),
All the amphibales come from rocls that contain & T: saturating phase., erther

sphene or tlmenite, then the low T1 contents (£0.05 T per 23 oxvyeens) may

reflect amphibole formation &t medium metamorphic prescures (Hynee, [982).

Clinopyraoxene Dicpstde containing approximately 0.5 wt % Na-0 ocecurs 1n one

cubalkaline low-H metabasite. Weak :toning indicates that rime are slightly

more ferrocan than rtares.

Hagnetite: Maagnetite 15 the cpaque phase in most of the FEosbak rocks.
microprobe analyses 1ndicate no 1lmenite intergrowths: and 2 low 11 content.

The only exception 1¢ a single sample which contairned T1 magnetite containing

9.4 wt % T105 in the cores and 3.5 wt X at the rims.

Ti-bearing phase: Most rochks contain sphene, however, a few

oli1qiaclaselandesine bearing intermedyate to basic volranics rontarn 1leencte

often with magnetitie. [lmenite contartne between 7 and 7 wii Mnl.
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Garnet: Analvesed garnets are small (<05 ma! and columeterrcalls L7000 Wt %)
mrnor concetituents of the rocks 1n which thev occur. All garnets  are
cpessartine rich, ecpecirally 1n the corecs. Ivpical garnet rim  coapositions

are ity sq Spessy 5y Fyg g Brossgy o4

FHARSE RELATIONS

Mineral accemblages are more eacily vcepresented by projection from
epidote anto the (Al-.0-; + Fe,0;)-(K,0)-(Fel + M0 + Hn0) face of the
tetrahedron shown tn Fig. 2. Such a at-1-F projection (fig. 7) ts sultable
for most of Lhe Rombal rocks, only the wmetagraywasches (ng eprdote) and

-

marbles cannot be satisfactorily shown. Fiqure 7 clearlv i1llustrates that

¥ -white mica is confined to the bull cowmposition containing a large N

conponent, wheress amphibole occurs 10 law 4* assemblages. the L-white
mica-bilotite and biotite-amphibole tie lines divide the Rombahk rocke into tus
groups; those with high KEU contents 1n which h-feldspar coexiste with one or
twa ather KaO-bearing phases, and a low K0 aroup in which biotite 15 the
only o0 phase and coexists with chlarite or garnet. Bull composttions wWwith
low K and low Al and which contain & single plagioclase f{oligioclase or
andesine) (Fig. B} may contain diopside, whilst more aluminouc compositians
contain garnet but not amphibole.

Although Fig. 7 and 8 show all the observed mineral assemblages 1n
epidote-bearing rocks from the Rombal Window tt 1s obwvious that such &
proloctron cannot show the Fe-Mg seli1d solution that affect all  the phases
except epidote and K-feldspar. Thus, a further projection 15 required for
the K-feldspar hearing rocks onto the ' -F-M plane {Fig. 9. far rocis
tacking K=-feldspar a projection from eptdate ontao R*-F-M 15 wused (fFig. 9!,
(thi1e 18 analaqous to the projection of braham and Harte (19751, focis

laching albite or microcline require a new prolectian from a more catcic
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ACIO ROCKS INTERMEDIATE & BASIC ROCKS
A - M0 A
,")"' ¢ quartz f‘\
/ \\ - albite FAL
/ \\ « eprdote /
#f K;:Zfe \ . magnefile / \
K-feldspar -:'; = \ * sphene
O\

biotite

amphibole

A’z 41,0, Fe,0,-(No,0 +0:75Ca0 ]
K = K,0
FM= FeO.Mn0O+MgO

.

Q*—K—FH projection of mineral compositions for FRambal

rocks containing albite + K-feldspar.

INTERMEDIATE & BASIC ROCKS

A i
N *gquorfz
* oligociose/andesine
+ epidote
* magnetite or
timenite
biotite . -—\gornet
KA
o diopside
Figure & a*-F-M projection far oligoclase/andesine bearing
intermediate and basic roclhs. Wote apparent development of

amphibolite facies assemblage 1n low K rocks onlv. This may be an
artifact aof sampling.
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ACIO & INTERMEDIATE ROCKS INTERMEDIATE & BASIC ROCKS
. H,0 _ - 4,0
A . qjarrz A * Quarty
jf""‘.\ -albite ‘\\ « albife
/ « epidote 2 - epidate
i +magnelite f;‘ \ +magnetile
+sphene / « sphene
rmicrochine o/
/
/

M F/ ‘M

0's R
A =[ALO, +Fe 0, - (Na,0 +K,0 +0-75Ca0)] f_\'z[mzoJ +Fe,0,-(Na,0 +0:75Ca0 |}

Figure 9 A**-F-M and A*-F-M projections for albite bearing rocks
from the Rombal window. -white micac plot at the top af the
dragram, biotites and chloerites (triangles! in the centre and
amphibole at the bottom. Open circlee indicate amphibole cores.
K-white wmicas, biotite and chlorites represent the average
ofceveral analyses, but the range 1€ smaller than the eymbol used.
Heavy linec = granites, light lines = intermediate and bacic
roctz, dashed lines = sheared intermediate and basic rocles.

INTERMEDIATE & BASIC ROCKS
A - H30

+ Quartz

- plagiociase

- epidole

*magnetite

+ sphene [dmenite

hS

\

fo diopsige

Fiqure 10 AY-F-t plot of amphibolite facies assemblages 1n

tntermediate to basic rocks. Squares = garnet, ather symbols as

o

on Fig. 7.
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RETROGRADE INTERMEDIATE ROCKS

A « H,0
/ﬁ\ + quartz
«albite
+ epidote
magnefife

sphene

fFiqure 11 Retrograde zonatien profiles in amphibole from Sordalen

(1107 and Muctaguobla (127 & 129).  Note the anmitisl prograde
zoning trend in the Muotagucla sample followed bv the retrograde
trend back ta actinolite/tremolite. Sample with chlorite-biotite
represents a campletely retrogressed intermediate volcanic from
Muotaguobla. Triangles = chiorite., open cirglee = aaphtbole
cares.
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Figure 1Z F-T diagram of relevant equilitria for basic racks from
Moody et al., (1982) and Apted and Liou (1983). A = begining of
chlortte breakdown, F = chlorite out boundary marking the beqgining
of epidote-amphibalite facies. (€ = upper limit of epidate +
albite stability marking the appearance of amphibolite facrec
assemblages. A, B and C &t NNO. D boundary cf amphibolite facies
at 0, of IM buffer. Al-0; triple paint from data 1n Helgeson et
al., (1978). FRegion between A and K represents the transition
regian fraom greenschict to epidote-amphibolite facies.
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plagiroclace campositicon, however for the sale of szaimplicit. the. are also
plotted on A’ -F=M, with the understanding that crossing tie lines could
result (Fig. 101,

Figures 9 and 10 illustrate the principal change from albite-bearing to
higher-grade oligoclase/andesine-bearing ascsenblages. In the bastc and
intermediate rocke the diszppearance of chlarite accempanies an  InCrease 14
the 91305 and Fel content of amphibole and a decrease 1n the Fed" content of
ep1dote. The amphitole composition chanoe can be seen in the swing aof the
amphibole rim-biotite tie lines from Fie. 9 to 10, Theee changes coincide
with the Nas0 and 510, changes shown on F1q9. 6. The coexistence of aluminous
amphibole (hornblende) with albite (Figs. 5, &, 7 and %) tn some rocks 1§
significant, and i1ndicates the presence of the epirdole-amphibolite facies.
Thus althoughk the Rombzhk rocks show the same mineralooical and compositional
trends as reported by Mivashire (1973), Laird (1980), HMaruyuama et al.,
(1983) for the greenschist toc amphibolite facies assemblages, they also
include the internediate epidote-amphibolite facies.

Breakdown of the qreenschist facies asceablage to that of the epidote-
amphibeolite faciec can be approvimated by:
chlorite + albite ¢ epidote + actinolite + quart:z =

horablende + albite + epidote + HoD
{Apted and Liou, 1983), and subsequently amphibolite facies assemblages
appear through the f0. dependent albite + epidote breakdown e.aq.
harnblendey; + albite + epidote + guart: = horablendes + plagioclase + Ho0
{Apted and Liou, 1933).

When temperatures become high enough, diffusion witlan zoned, or
mantled, amphiboles should yteld hornblendes of the near uniform composttion
characteristic af amphibolite facies, Hornblende-biolile tie lines should
then swing bacl scmewhat towards MgD. ihe crossing tte line fram the weabl:

taned amptaaboles 1n one sample on Faigure 10 may 1ndicate the hegining of such
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an amphibole homogenisatiaon.

It is also interestrng to note that the V-feldspar bearing inlerpediale
rocls (Fig. %) zhowu a sim1lar amphibole compos: bion chanqe and
birotite-amphibole rim tie line swing as the N-feldepar free rocte. However,
Fig. 7 i1ndicates that the ¥-~¢eldspar bearing rocks cannot contain chlorite at
these metamorphkic grades. This, therefore tmplies that the i1ncrease 1n fel,
Maa0 and Ala0; of the amphiboles arises scley by epidote and albite
breakdown, or alternatively biotite breakdown occurs (znalogous to chlorite
dicappearance in low K-rocks!t. 8 reactian similar to:
albite + epidote + actinolite + biotite, + quart: =

hornblende + albite ¢ H-feldsgar + biotite,
may be applicable to the H-feldzpar bearing 1ntermediate wvolcanice in the
transiticon from greerschicst to higher metamarphic orades.

Figures 7. 9 &nd !0 show that the samples frem ductile shear zones  have
experienced an increase in A component during defaormation. The tharnblende
+ kK-teldspar + biotite eor bictite + hornblende assemblages in massive
trntermediate meltavalcanics are replaced by HK-feldspar + FK-white wmica +
biotite ar garnet + l-white mica + biotite assemblagecs respectively in the
foliated rocks of the ductile shear :zones.

Although most of the Rombak rocks shew :zoning profiles in  amphibole,
epidote and plagioclace that 1s consistent with prograde metamorphism, some
rocks, notably fraom the Muotaguobla area, contain textural and wmineralogical
evidence of retrogressioa.

Amphiboles in an intermediate metavolcanic from Serdalern (106, Fig. 11}
show a reverce :conation trend with aluminous amphibale CAres and
actinolite-tremolite rims. Texturally the Sdrdalen rocl does not appear
retrogressed. However, the Muotaguoble area contains rocks that are often
completely retrogressed to chlorite-bilotite (29, Fag. 1i}. Nevertheless a

few partially altered chlorite-amphibale samples (&.q. 107, Fig. 110 contarn
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ev1dence of  the earlier prograde wmetamorphic #waislory 1n therr zoning
profiles. Thue the amphiboles of 177 have actinalite-tremclite cores,
surrounded by alumincus amphibale (hornblende) manties which are in turan

mantled by actinolite tremolite. Albites from the retrogressed rocks are

very sodic (Rng_5) ang suggest that the agreenschist retrogression occured at

high eressure {:4 kbl,

METAMORFHIC CONDITIONS

The minerzlogical and compositional data from the basic to ntermediate
volcanic rocks of the Rombak window are charactericstic of ametamorphic
conditione tranmsitional form the oreenschist facies to the epidote
amphibolite and amphibolite facies. However, this transition eccurs aver a
considerable temperature and pressure ranqge becsuse of the bulk compositienal
effects {(especially fUz), and the transiticn principally tnvolves continuous
reactions (Laird, 1980; MNoody et al., 1982: Apted and Liocu, 1983). The
presence of the eptdote-amphiboelite ascsemblages precludes metamorphism at low
pressures (¢ 3-4 kb}. The composition of Fcmbalk K-white micac and albites,
tcgether with the presence of kyanite 1in some quartz wveins also suggest
moderate to high pressures.

The brealdown of chlorite and epidote (A, Fig. [2) and the production of
a more aluminous amphibole begins at about 500 - 525 °C (Hoody et al., 1982;
fApted and Liou, 1983) under {02 caonditions csuitable for magnetite stabilaity.
Since chlorite is present tn only three of the Kombak rochks (and 1n those it
coextsts wtth aluminous amphiboie) the chlorite-out reaction provides a lower
cstimate of temperature. From the 5 and 7 Ibh experiments of Apted and Liou
(1983) carried out using a natural basalt starting materi1al, the chlorite-out
reactiaons (B, Fiqg. 12} oceurs at 530 - 570 ¢ respectivaly at the WHO buffer.

I the fvanite stabiiaty freld the chiloritte-out thoundary marls the beginaing



-23-

af the eprdote saphibolite facies.

the amphitolite facies beging with the developrmont of hornblende of
kornblende-cligoclase/andesine + 1lmenite assemblace {(Miyashivao, 19773,
resulting from the brealkdown ot epidote and sphene. Ihie transition is also
strongly dependent wupon {3,. At the NHO or HM buffers the epidote
amphibelite facies presists to wmuch higher temperatures than at 04

“

conditions of the i buffer {compare C and [ Fig., 1%, Moody et al., 1982,
fpted and Liou, 1983). The temperature difference can amount to as much as
100 °C (Fto., 12Y, Since, in the Rombal Window rocks containing transitional
upper greenschict, epidote-amphibolite and amphibolite facies ascemblages can
occur within a few tens of meters It 15 unreasonable to propose local sharp
temperature or pressure gradients. A more reasonable explanation for the
close promimity of the three assemblages 1e variatione 1n the bulk
composition, especially f0, which stablized the three assemblages at similar
F-T conditiens. In support of thic 1s the observation that magnetite 1s the
cpaque present 1n most rocks, but some recls containing the amphibolite
faciec acscemblaoe contain ilmenite.

The observed mineral acceamblagee in the basic and intermediate wvolcanic
rocks of the Kombak Window is consictent with wmetamorphism at temperatures
between 575-600 9C and pressures gqreater than & Lkb. The Froterczoic rocks in
the FRombak Window were, theretare, metamorphosed vunder conditions not

significantly different to those reported from the oaverlyrng Caledonian

nappes.

A#GE OF METAMOEFHISH

If the rocls 1n the Mueotagoubla area (Fig. 1) are tn fact Dividal as

Birkeland (1978) shows then the structures thev coentain, must be Caledon an

In age. theretore, 1t follaows thatl the areenschist retroagrade  event s0
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prevalent tn these rocks must also bz Caledenian. Slructures o the supposed
Dividalen rocks can be traced 1nto adiscent Froterc-orc interacd ate

volcanics, and the prograde epidote-amphibolite factes to amplabalile fagies
they contain post~date these structures, therefore the earlier proqgrade event
must also be Caledonian. However, if the correlation of the Dividaler f€roup

proves to be 1ncorrect, then although the waetamorphism may ctill  be

Caledorian in age, isotopic dating on mineral seperates will be reguiced.

CONCLUSIONS

The Rombal Window, &t least in i1te central, western and couthwestern
parte, has been wmetamorphoced to epidote-amphiboiite/amphibolite factes
grades (F > & kb, T 575 te 6009C). Ewiderce far this 18 widely preserved 1n
the mineral ronation patterns found in the intermediate and basic volceanics.
Thue basement metamorphism was of similar grade to that which affected the
overlyving Caledonian nappes. A later greenschict +facies retrogression,
possibly also of moderate to high pressure, has affected the window tao
varving degrees. In most places retrograde reequilibration of ainerals is
absent or minor, However, In the Muotaguobla area the greencchist
retragression has virtually obliterated evidence of the earlier higher grade
metamarphism. The intensity of retrogression in the Muotaguobla area may be
related to the existence of a major N-S trending structural lineamest 1n the

viginitly.



-25.

REFERENCES

Apted, M.J. & Liou, J.G. 1983: Phase relations among greenschist, epidote-

amphibolite and amphibolite in a basaltic system. Am. J. Sci., 283:
328-354.

Birkeland, T. 1976: Skjomen berggrunnsgeologisk kart N-0-M 1:100 000. NGU

Guidotti, C.V. 1984: Micas in metamorphic rocks. In: Micas,ed.Bailey, S.W.
Miner. Soc. Amer. Reviews in Mineralogy v. 13: 357-467.

Gunner, J.D. 1981: A reconnaissance Rb-Sr study of Precambrian rocks from
the Skjomen-Rombak Window and the pattern of initial 87Sr/865r ratios
from northern Scandinavia. Nor. Geol. Tidsskr., 61: 281-290.

Harte, B. & Graham, C. 1975: Graphical analysis of greenschist and

amphibolite facies mineral assemblages in metabasalts. J. Petrol.,
16: 343-370.

Helgeson, H.C., Delany, J.M., Nesbitt, H.W. & Bird, D.K. 1978: Summary
and critique of the thermodynamic properties of rock-forming minerals.
Am. J. Sci., 278A, 1-229.

Korneliussen, A. & Sawyer, E.W. 1986: Beragrunns- og malmgeologi med

sariig vekt pa guliproblematikk, sydlige deler av Rombakvinduet,
Nordland. NGU-rapport no. 86.167.

Laird, J. 1980: Phase equilibria in mafic schist from Vermont. J. Petrol.
21: 1-370

Maruyama, S., Liou, J.G. & Suzuki, K. 1982: The peristerite gap in low-
grade metamorphic rocks. Contr. Miner. Petrol., 81: 268-276.

Maruyama, S., Liou, J.G. & Suzuki, K. 1983: Greenschist-amphibolite
transition equilibris at low pressure. J. Petrol., 24: 583-604.

Miyashiro, A. 1973: Metamorphic and metamorphic belts. London, Allen &
Unwin, 492 p.

Moody, J.B., Meyer, D. & Jenkins, J.E. 1983: Experimental characterization
of greenschist/amphibolite boundary in mafic systems. Am. J. Sci.,
2831 48-92



