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Sammendrag p& 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 grannskifer-
facies retrogradering, muligens ogsd ved moderat til hgyt 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 storre N-S-gdende lineament i de sstlige deler av

vinduet.
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INTRODUKSJON
av Are Korneliussen (prosjektleder)

Dette arbeidet er et ledd i USB-prosjektets undersgkelser i de sydlige
deler av Rombakvinduet, som har hatt som form81 & 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 skjérsoner som har virket som kanaler for hydrotermale
lgsninger. Slike skjarsoner kan p&vises gjennom et metamorf/struktur-
geologisk studium. En slik situasjon er pdvist i Muohtaguobla-omrddet i de
gstlige deler av vinduet.

Skjarsonene i Muohtaguobla, som har virket som kanaler for H20-C02 rike
Tgsninger som har retrogradert (hydrert) mineralselskaper i omkring-
1iggende bergarter, er trolig assosiert med et sterre N-S-gdende Tineament
i Rombakvinduet. De nzrmere omstendigheter i denne sammenheng er ikke
undersekt.



METAMORFHIC ASSEMBLAGES AND CONDITIONS IN THE ROMBAK BASEMENT WIMDOW.

E. W. SAWYER

LOCAL GEOLOGY

The Rombak window consists larqgely of early to middle FProteraozoic
granite, syenite and minor basic to intermediate plutons dated at 1780 Ma
(Gunner, 1781). Thecse ages are believed to reflect either crystalliraton or
early Froterozoic metamorphicsm. These plﬁtons intrude early PFroterozoic
vélcann—eedimentary rocks that appear to form two distinct agroups. The
western part of the window {west cf the north-trending lineament near the
Norway-Sweden border Fig. 1) the supra crustals contain alkaline to
subalkaline basic to acidic (but mostly intermediate) volcanics and low
Ala0+, low Ko0 graywackes and pelitesz. Some of the basic and intermediate
rocks are pyroclastic or tuffaceous in'origin. Marbles, conglomerates and
gquartzites are alsoc present, but relatively wuncomman. The eastern early
Froterozoic supracrustal sequence contains marbles, graywackes and low-kK
subalkaline tholeiitic metabasalts and possible komatiites. these
metabasitecs have a N-MORB - type chemistry whereas those of the western
supracruétals have alkaline affinities {Karneliussen, in prep).

0f uncertain age, but younger than the volcano-sedimentary sequences, is
a group of gquartzites and pelites and possible tillites {Torske, pers.
comm.) in the Muctaguobhla area. These rocks were considered to belong to
‘the late FProterozoic-Cambrian Dividal Group by Birkeland (1976). The
stratigraphic status of these rocks is uncertain (Fig. 1) but never the less

they are crucial in determining the zge of structural and metamorphic events
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in the Rombak Window,

The areas investigated in detail are shown on Fig. 1. In addition
samples were also collected from the south side of FRombakbotn and in  the
Hordal area and between Muotaquobla and the Skjomdalen-Sordalen-Gautelis

area.
BULE COMPOSITION

‘Many of the voleanic and plutonic rocks of the Rombak window are
alkaline to subalkaline, and in general are potassic. For the mbré acid bulk
compositiaons three Ko0-bearing phases, bictite, white mica and microcline are
present. Intermediate to basic voelcanics that are Fol-rich contain
microcline and biotite as the wmain npotassic phases, but amphibole also
contains minor amounts of Ko.0. Even those intermediate ta basic racks that
cantain only bioctite (+ amphibole) are sufficently potassic to have Z20-30%
modal biotite. In the western part of the window very few basic to
intermediate rocks are of the low K-type containing less than 3 wmadal X
bioctite, however this type dominates in the eastern part of the window (e.q.
Ruvssotoppen, Romer in prep.; Korneliussen, in prep.).

All rocks examined petrographically {except the marbles) contain quartsz,
sphene (or ilmenite), magretite and a sodic plagiocclase, thus the principal
mineralogical changes in the plutonics, volcanics and metagraywackes can be

shown in'a tetrahedron with apices (Alo03+Fe,0x), (Cal), (MgO+FeO+MnO), K0,

Fig. 2. Chlorite, that on textural grounds 1is part of thg prograde
assemblage, has only been found in 3 out of 200 rocks, and coexists with
albite and amphibole in intermediate volcanics. No prograde chlarite has
.been observed in the metagraywackes and metapelites. Garnet rich in

specsartine (10-16 wt 7 Mn0) occurs in a few rocks ( granites, metagraywackes

and sheared intermediate volcanics) and in weach case coexists with



ocligioclase-andesine and biotite {not amphibole). The lack ot
garnet-amphibole assemblages may be due to weithery; a) inappropriate bulk
campositions as the Rombak metabasites are low in’ (Al,05 + Feq0y) compared
to garnet amphibolites {Laird, 1980} or, b) inappropriate metamorphic

canditions.
MINERAL COMFOGSITIONS

Biotites: Optically, 1in handspecimen and in thin section, the Rambak
biotites are generally green in granitec and the metavolcanics, Dniy in the
metagraywackes are they brown. However, plotted on the bictite compositian
space of Guidotti (1984) the Rombak biotites (Fig. 3) are typical of
metamarphic biotites in general. Kombak bictites from granites and syenites
have lower Mg/(Mg+Fey) ratios than bicotites from the intermediate and basic
metavalcanics. Hoth biotite groups show a general trend of increasing g1Vl
content with decrease in PMg/(Mg+Feg) vratic implying & Techermak-type
exchange. Since all the biotites come frem rocks lacking an RI,5i0g
polymorph, and in most cases coexist with magnetite it is to be expected that
Rombak biotites contain significant Fetd, Typically the HRombak biotites
contain about 0.2 atoms Ti per formula unit, and the data alsoc follow the

well known trend of increasing Ti content with decreasing HMg/(MgtFeq) ratio

{Guidotti, 1984).

K—beariné white mica: Flotting microprobe analyses of Rambak K-white micas
an the A1TV-a1VI-(Ng+Fe;) diagram of Guidotti (1984) shows a deviation from

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

muscovite-celadonite join implying a net Fetd = mVI exchange. Since
magnetite coexists with K-white mica in all the Rombak samples, the 13-20
mol % celadonite in these wmicas is not wunexpected. Although bulk rock

caompaosition influences the celadonite content of K-white mica, the
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Figure 2 Composition terhedron showing the assemblages found in
quartz-plagioclase-magnetite-sphene/ilmenite bearing rocks of the
Rombak Window. The escential minerals in the Rombak rocks can be
expressed in the 11 component system: Ko0-Na,0-Ca0-MgO-Fel-
MnO~-Al,07-Feqa0:-Ti0,-5i0,-H,0. Since quartz, albite,
sphene/iimenité occur in all rocks Sillp, Na,0 and Ti0, can be
regarded as excess components. The fluid phase present during
metamorphism is treated as pure H,0; enabling H,0 also to be
treated as an excess component. This permits the number of
caomponents to be reduced to 4 i.e.
(Al o0<-Fe,0z) - (K,0)-(Cal) - (MgO+Fe0+Mnd) .



ROMBAK BIOTITES
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Figure 3 Composition of Rombak biotites plotted on the biotite
composition space of Guidotti (1984), which treats “all iron as
Fey. Open symbols are from rocks containing ilmenite, all others
from magnetite bearing assemblages.
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Figure 4 K-white micas plotted on the AlIV-a1VI-(Mg+Fe;) diagran

of OGuidotti {(1984) showing end member compositions. Cd =
celadonite, Lp = leucophyllite, Fm = ferrimuscovite, Mu =
muscovite. Rombak white micas plot close to the
muscovite-celadonite tie line with 15-20 wmol % of celadonite.

Lower diagram shows that the Rombak K-white micas have low
margarite (LCa) and paragonite {Na) contents.
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PLAGIOCLASE COMPOSITIONS PERISTERITE GAP
INTERMEDIATE & BASIC ROCKS (after Maruyama et al,,1982)
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Figure & Compeosition of plagioclase in Rombak basic and

intermediate rocks that contain only prograde zaning profiles.
The sample ordering along the vertical axis 1is based wupon S§i0,
contents of coexisting amphibole. Samples 42 and 394 contain
kK-feldspar and samples 111 and 112 contain chlorite. The
peristerite gap present in the Rombak rocks is compared to those

discussed by Maruyama et al., (1982).
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substitution i1s also favoured by high pressure (Guidotti, 1984) and hence the
Fombak K-white mica composition could also indicate growth at moderate to
high prescsures. All the Rombak K-white micac have the very low HNa contents
(Fig. 4) typical of muscovites with a hiqh celadonite content.

Epidotes: Epidotes range in compésition from P5.0.19 to Fs 0.34 {whare Ps =
Fe 3*/(Fe*+ A1) and all iron is treated as Fe'S). 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

Fe*3-rich cores. Epidotes enclosed within large plagioclase grains tend to

be idioblastic and contain less (Fs = 0.2) Fe?* than typically »xenoblastic
matrix epidotes (Fs = 0.28).
Flagioclase: On the basis of plagioclase compositions, four types of

— ]

ascemblages can be recognised in the Rombak metamorphic rocks:

&} FHocks with two seperate plagioclase phacses, one an albite {Any_,} and the
other an oligoclase (Anyg oy, {Fig. S). Both plagicclaczes are weakly zaoned;
albite in contact with oligioclase has more calcic rims and oligioclase more
sagdic rims thanm their respective caores. This =zonation i=s typicaly of

prograde metabasites. ({(Maruvama et al.,, 1982).

b) Rocks with & single plagioclase, typically in the composition range
friag- {Fig. 39).

¢} Granites containing only albite; in these rocks a more calcic plagiaoclase
has been extensively altered toc epidote + albite, hence the presence of
albite may be related to plagioclase sausseritization possibly as a
retrograde feature.

d) A few rocks from the Sgrdalen area, but many from the .-the Muotaquobla

area contain albite and oligioclase, however, the =zoning pattern in these

suggest & retrograde formation.
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AMPHIBOLE COMPOSITIONS
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Figure & composition of FRombak amphiboles. Closed symbols
indicate amphibole coexisting with magnetite, open symbols
coexisting with ilmenite. Note that ilmenite only occurs in the
oligoclase-andesine bearing samples {(1.e. amphibole facies

assemblages).
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Recently Maruyama et al., (1982) have =cshown that the An content of
albite is dependent upon the pressure at which the albites grew; higher
pressures favour mare sodic compositions. Camparing the Rombak prdgrade
albites with data from Maruyama et al., (1982) <suggests that they formed

=

under medium to high pressures in the range 4-10 kb (Fig. 95).

Amphiboles: Amphiboles from the intermediate toc basic volcanics range in
composition from actinclite-tremolite to ferroan paragsite. Many rocks chow
two distinct, or more usually, & range of amphibole compositions. - Zoned or
mantled grains have caores that contain less Al, Fe and Na than the rims or
mantles. Amphiboles that coexict with albite tend to contain more §i10- and
less Na and Fe than those coexisting with ﬁore calcic plagioclase (Fig. &).
All the amphiboles come from rocks that contain & Ti saturating phase, either
sphene or ilmenite, then the low Ti contents (£0.05 Ti per 23 ouxvqens) may

reflect amphibole formation at medium metamorphic prescsures {(Hynes, 1982).

Clinopyroxene Diopside containing approximately 0.3 wt % Nao0 occurs in one
subalkaline low-K metabasite. Weak zoning indicates that rims are slightly

more ferroan than cores.

Magnetite: Magnetite is the opaque phase in most of the FRombak rocks.
microprobe analyses indicate no ilmenite intergrowths; and a low Ti content.
The only exception is a single sample which contained Ti magnetite containing

9.4 wt % Ti02 in the cores and 3.5 wt 7 at the rims.

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

oligioclase/andesine bearing intermediate to basic volcanics contain ilmenite

often with magnetite. Ilmenite contains between 2 and 7 wti MnO.
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Garnet: Analysed garnets are small ({0.5 mm) and volumetrically (£0.1 wt %)
minor constituents of the rocks in which they occur. All qarnets are

spessartine rich, especially in the cores. Typical garnet rim compositions

are Al().:j'? SPESSO.SI F‘YO.OI; GrDSSO.Zé.

PHASE RELATIONS

Mineral assemblages are more easily represented by oprojection from
epidote onto the (Al,07 + FeoO03)-(K,0)-(FeD + MaO + MnO) face of the
tetrahedron shown in Fia. 2. Such a A¥-K-FN projection (Fig. 7) ie cuitable

for most of the Rombak rocks, only the metagraywackes (no epidote) and

marbles cannot be satisfactorily shown. Figure 7 clearly illustrates that
k-white mica is confined to the bulk composition containing a large a*
component, whereas amphibole cccurs in laow At assemblages. The K-white

mica-biotite and biotite-amphibole tie lines divide the Rombak rocks into two
groups; those with high K,0 contents in which K-feldspar coexists with one or
two other Ko0-bearing phases, and a low Ko0 group in which biotite 1is the
only KoO phase and coexicste with chlorite or garnet. Bulk compositions with
low K and low Al and which «contain & =ingle plagioclase (oligioclase aor
andesine) (Fig. 8) may contain diopside, whilst more aluminous compositiaons
contain garnet but not amphibole.

Although Fig. 7 and 8 show all the observed mineral assemblages in
epidote—gearing rocks from the Rombak MWindow it is obvious that such a
projectien cannot show the Fe-Mg solid solution that affect all the phases
except epidote and K-feldspar. Thus, a further projection 1is required far
the K-feldspar bearing rocks onto the A¥¥-F - plane (Fig. 9). For rocks
‘lacking K-feldspar & projection from epidote onto p*-F-M is used (Fig. 9,
(this is analagous to the projection of Graham and Harte (1975)). Rocks

lacking albite or microcline require & new projection from a more calcic
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ACID ROCKS INTERMEDIATE & BASIC ROCKS
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Figure 7 A¥-K-FM projection of mineral compositions for FRombak
rocks containing albite + K-feldspar. o

INTERMEDIATE & BASIC ROCKS

A ¢ Hy0

+quartz

+ oligoclase/andesine

+ epidote

+ magnetite or
ilmenite

biotite -

¢ °
to diopside

Figure 8 a*-F-n projection for oligoclase/andesine bearing
intermediate and basic rocks. Note apparent development of
amphibolite facies assemblage in low K rocks only. This may be an

artifact of sampling.
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ACID & INTERMEDIATE ROCKS INTERMEDIATE & BASIC ROCKS
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Figure 9 A¥*-F-M and A*-F-M projections for albite bearing rocks
from the Rombak window. K-white micas plot at the top of the
diagram, bictites and chlorites {triangles) in the centre and
amphibole at the bottom. Open circles indicate amphibole cores.
K-white micas, biotite and <chlorites represent the averaqge

cfceveral analyses, but the range ic smaller than the symbol used.

Heavy lines = granites, light 1lines = intermediate and basic
rockts, dashed linecs = sheared intermediate and basic rocks.
INTERMEDIATE & BASIC ROCKS
A ¢ Hy0

+quartz

+ plagioclase

+ epidote
+magnelite

+ sphene [ilmenite

\
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Figure 10 A¥-F-M plot of amphibolite facies assemblages in

- S

intermediate to basic rocks. Squares = garnet, other symbols as
on Fig. 9.
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RETROGRADE INTERMEDIATE ROCKS

A v H,0
+ quartz
+albite
+ epidote
magnetite
sphene

Figure 11 Retrograde zonation profiles in amphibole from Sdrdalen
{110} and Muotaguobla (127 & 129). Note the initial prograde
zoning trend in the Muotaguola sample followed by the retrograde
trend back to actinclite/tremolite. Sample with chlorite-biotite
represents a completely retrogressed intermediate volcanic from
Muotaguobla. Triangles = «chlorite, apen circles = amphibole

cores.
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plagioclase compocsition, however for the sake of simplicity they are also
plotted aon ﬁ*—F—M‘ with the understanding that crocssing tie lines could
result (Fig. 10).

Figures 9 and 10 illustrate the principal change from albite-bearing to
higher-grade obpligoclase/andesine-bearing assembrégés. In the basic and
intermediate rocks the disappearance of chlorite accompanies an increase in
the Al,0- and Fel content of amphibole and a decrease in the Fest content of
epidote. The amphibole composition change can be seen in the swing of the
amphiboie rim-bictite tie lineé frbm Fig. 9 to 10. These changes coincide
with the Nao0 and Si0, changes shown on Fig. 6. The coexistence of aluminous
amphibole (hornblende) with albite (Figs. &, &, 7 and ?) in some rocks 1is
siqnificant, and indicates the presence of the epidote-amphibolite facies.
Thus althouqh the Rombak rocks show the same minerélogical and compositianal
trends as reparted by Miyashiro (1973), Llaird (1980), Maruyuama et al.,
{1983) for the greenschist to amphibolite facies assemblages, they also
include the intermediate epidote-amphibolite facies.

Breakdown of the greenschist facies assemblage to that of the epidote-
amphibolite facies can be approximated by:
chlorite + albite + epidote + actinolite + guartz =

hornblende + albite + epidote + Hg0
{Apted and Liou, 1983), and subsequently amphibolite facies assemblages
appear tgrough the f0, dependent albite + epidote breakdown e.g.
hornblendey + alhite + epidote + quartz = hornblende, + plagioclase + H,0
{Apted and Liou, 1983).

When temperatures become high encugh, diffusion within =zoned, or
‘mantled, amphiboles should yield hornblendes of the near uniform composition
characteristic of amphibolite facies, Hornblende-biotite tie lines should
then swing back somewhat towards MgO. The crossing tie line from the weakly

zoned amphiboles in one sample on Figure 10 may indicate the begining of such
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an amphibole humoqénisation.

It is also interesting to note that the K~¥e1dspar bearing intermediate
rocks Fig. 9) showu a similar amphibale compositiaon change and
biotite-amphibole rim tie line swing as the K-feldspar free rocks. However,
Fig. 7 indicates that tﬁEAK—feldspar bearing rocks cannot contain chlorite at
these metamorphic grades. This, therefore implies that the increase in Fel,
Nao0 and Al,07 of the amphiﬁoleg arises soley by epidote and albite
breakdown, or alternatively biotite breakdown occurs (analogous to chlorite
disappearance in low K-rocks). A reaction similar to:
albite + epidote + actinolite + biotitey; + gquartz =

hornblende + albite + K-feldspar + bioctite,
may be applicable to the K-feldspar bearing intermediate volcanics in the
transiticn from greenschist to higher metamorphic grades.

Figures 7, 9 and 10 show that the samples from ductile shear zones have
experienced an increase in a¥ component during deformation. The hornblende
+ K-feldspar + biotite or bictite + hornblende a&assemblages in massive
intermediate metavolcanics are replaced by K-feldspar + E-white wmica +
bio£ite or garnet + E-white mica + biotite assemblages respectively 1in the
foliated rocks of the ductile cshear zones.

Although most of the Rombak rocks show zoning profiles in amphibole,
epidote and plagioclase that is caonsistent with prograde metamorphism, some
rocks, notably from the Muotaguobla area, contain textural and mineralogical
evidence of retrogression.

Amphiboles in an intermediate metavolcanic from Sgrdalen (110, Fig. {1}
show a reverse =zonation trend with aluminous amphibole cores and
actinolite-tremolite rims. Texturally the Sgrdalen rock does not appear
retrogressed. However, the Muotaguobla area'cbntains rocks that are often
caompletely retrogressed to chlorite-biotite (29, Fig. [11}. Nevertheless a

few partially altered chlorite-amphibole samples (e.g. 127, Fig. 11} contain
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evidence of the wearlier prograde metamorphic history in their zoning
profiles. Thus the amphiboles of 127 have actinolite-tremolite cores,
surrocunded by aluminous amphibole (hornblende) mantles which are in  turn

mantled by actinolite tremolite. Albites from the retrogressed rocks are .

very sodic (Ang_o) and suggest that the greenschist retrogression occured at

high pressure (4 kb).
METAMORPHIC CONDITIONS

The mineralogical and compositicnal data from the basic to intermediate
volcanic rocks of the Rombak window are characteristic of metamorphic
conditions transitianal form the areenschist facies to the epidote
amphibolite and amphibolite facies. However, this transition cccurs over &
considerable temperature and pressure range 5ecause of the bulk compositional
effects (especially f05), and the transition principally involves continuous
reactions (Laird, 1980; Moody et al., 1982; Apted and Licu, 1983). The
presence of the epidote-amphibolite assemblagez precludes metamorphism at low
pressures (< 3-4 kb). The composition of Rombaﬁ K-white micas and albites,
together with the presence of kyanite 1in some quartz veins alsoc suggest
moderate to high pressures.

The breakdown of chlorite and épidofe (A, Fig. 12) and the production of
a more aluminous amphibole begins at abéut 500 - 525 9C (Moody et al., 1982;
Apted and Liou, 1983) under f0, conditions suitable for magnetite stability.
Since chlorite is present in only three of the Rombak rocks {and in those it
céexists with aluminous amphibole) the chlorite-out reaction provides a lower
-estimate of temperature. From the 5 and 7 kb experiments of Apted and Liou
(1983) carried out using a natural basalt starting material, the chlorite-out
reactions (B, Fig. 12) cccurs at 530 - 570 o¢ respectiyely at the NNO buffer.

In the kvanite stability field the chlorite-out boundary marks the beginning
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of the epidote amphibolite facies.

The amphibolite facies begins with the development of hornblende of
hornblende—oligotlase/andesine t+ ilmenite assemblage (Miyashirao, 1973)
resulting from the breakdown of epidote and sphene. Thic transition is also

étrongly dependent upon f0,.. At the NNO or HM buffers the epidote

amphibolite facies presists to much higher temperatures than at f0,

conditions of the IM buffer {compare C and D Fig. {2, HMoody et al., 1982Z;
Apted and Liou, 1983). The temperature difference can amount to as much as
100 °C (Fig. 12). Since, in the Rombak Window rocks containing transitional

upper greenschist, epidote-amphibolite and amphibolite facies assemblages can
cccur within a few tens of meters it is unreasonable to propose local sharp
temperature or pressure gradients. A more reasonable explanation for the
close oproximity of the three assemblages 1s variations in the bulk
composition, especially fQ0, which stablized the three assemblages at similar
F-T conditions., In support of this is the observation that magnetite is the
opaque present in most rocks, but some rocks containing the amphibolite
facies assemblagé contain ilmenite.

The cbserved mineral assemblages in the basic and intermediate volcanic
rocks of the Rombak Window is consistent with metamorphism at temperatures
between 575-600 °C and pressures greater than & kb. The Proterczoic rocks in
the Rombak Window were, therefore, metamorphosed under conditions not
significantly diffefent to  those reparted from the overlying Caledonian

rnappes.
AGE OF METAMORPHISH
If the rocks in the Muotagoubla area (Fig. 1} are in fact Dividal as

Birkeland (1978) shows then the structures they contain, must be Caledonian

in age. Therefore, it follows that the greenschist retrograde event so
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prevalent in these rocks must also be Caledbnian. Structures in the supposed
Dividalen rocks can be traced 1into adiacent éroterozoic intermediate
volcanics, and the prograde epidote-amphibolite facies to amphibolite facies
they containApost—date these structures, therefore the earlier prograde event
must also be Caledonian. Haowever, if the correlation of the Dividalen G&roup

proves ta be incarrect, then although the wmetamorphism may still be

Caledonian in age, isotopic dating on mineral seperates will be reguired.
CONCLUSIONS

The Rémbah Window, &t least in its céntral, western aﬁd southwecstern
parts, 'has been metamorphosed to epidote-amphibolite/amphibolite facies
grades (P » & kb, T 575 ta 6009C). Evidence for this is widely preserved in
the mineral zonation patterns found in the intermediate and basic volcanice.
Thus basement metamorphism was of similar grade to that which affected the
overlying Caledonian nappes. A later greencschist facies retrogression,
possibly also of moderate ta high pressure, has affected the window to
varving degrees. In most places retrograde reequilibration of minerals is
absent or  wminor. However, in the Muotaguobla area the greenschist
retrogression has virtually obliterated evidence of the earlier higher grade
metamurphism. The intensity of retrbgression in the Muotaguobla area may be
related to.the existence of a major N-S5 trending structural lineament in the

vicinity.
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