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Summarzi - ’ | .

The metabasites of the ArendaléTvedestfand district were originally
minor igneous intrusions, but are now characterised by wholly meta-
morphic mineral assemblages and textﬁres, which are diagnostic of a
prqgrade amphibolite-granulite facigs transition. The main mineralogical
changes with increasing grade of metamorphism (zone A to zone C) are '
decreases‘in modal hornblende and biotite, with increased pyroxenes.

"Major and trace element analyses for 176 metabasites are
‘présented, and show the overall chemistry to be analogous to that of
basaltic rocks. X and Rb vary systematically across the transition

zone, declining in abundance with increased grade of metémorphiém. In
other respects, zones A and B are chemically hoiogeneous. Zone C
(Tromdy) metabasites are characterised by.low Ti0,, K0, P205, H,0, Zr
Ni, Sr, Ba, Rb, and high Na,0, (Mn0), 2Zn, and oxidation ratios relative
to the mainlend suite. In part, these abundances are related to an
original igneous fractionation in which a fairly strong iron-enrichment
was accompznied by iﬁcreased levels of T%Ozg PZOS and 'incompatible'®
‘elements, and decreases in transition trace elements. The relative
absence of iron-rich differentiates in zone C accounts for the iower.
levels of P205 and TiO2 in this zone. | |

Sccondary fractionaition accompanied the metamorphism, and resulted
~in K and Rb redistribution throughout the terrain and the Na20 enhance-
ment in zone C. Ba,;Sr and Zr appéar to‘bevdepleted in this zone.

These chemical changes are also noted in the acid-intermediate charn-
ockitic suite of the transition zone, which is genetically distinct
from the metabesites. ‘ -

'Stable' element discrimination diagrams ( when used with caution
in view of these fractionation patterns) show the suite to be originally
tholeiitic. o |
_ Preliminary microprobe data support the concept of chemical .
equilibrium in the metabasites. Almandine-rich garnets are sporadically
developed in the suite, and their growth is not directly related to

the host-rock chemistry.

——
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Chapter 1: Introduction.

“A. Location.

' The study area is 1ocated along the Skagerrak coast of
South-east Norwéy, aéproximately 200 kilométres south-west
of 0slo (Figure 1.1). The region includeé the coastal
towns of Tvedestrand and Arendal and further inland, the
villages of Vegirshei and Ubergsmoen. Tromgy and severai

smaller off-shore islands are also within the considered

terrain.

B. Geological outline and previous research.

The area forms part of the Bamble sector of the

- Precambrian Fennoscandian shield, and consists of a high
grade metamorphic sequence. The rocks are overlain by |
lower Palaeozoic sediments in the east and Separated in the
“north-west from the adjacent Telemark complex by the
?Porsgrunn-Kristiansand fault (Morton et al 1970), previously

known as the "Great Friction Breccia" (Bugge 1928)(Figure l.1),

The Bamble sector is assigned to the Proterozoic 1200-

900 Ma Sveconorwegian zone (Kmtz et al 1968). Systematic
K-Ar age dating by O'Nions et al (1969) in northern Bamble has
frevealed that a metamorphic maximum occurred at 1160-1200 Ma,
"and that later K-Ar mica dates of 1100-900 Ma (e.g. Neumann
1960; Kulp and Neumann 1961) are cooling ages. Rb-Sr and
U-Pb datés on the nearby Levang gneiss dome (0'Nions and
Baadsgaard 1971) have shown that parts of the complex
underwent an earlier (Svecofennian) metamorphic event at
about 1600 Ma.

There is therefore a broad correlatiqn with the Grenville



Figuré 1.1: Location of the area.



province of North America (Patchett and Byland 1977) at
ca.l100 Ma, with some older dates emerging from both areas
(Krogh and Davis 1969). Systematic Rb-Sr studies on
samples from the Arendal-T?edestrgnd district are currently

in progress (Field and R&heim) but no data are yet available.

The principal lithologies in the Arendal-Tvedestrand area
are metasediments, including pelitic rocks, metabasites,
granitic gneisses and associated migmatites and pegmatites.

Acid and intermediate charnockitic rocks are characteristic of
much of the coastal area and the off-shore islaﬁds- Quartzites,
graphitic schists and marbles are not abundant. A group

of small late-stage, gabbro intrusions (hyperites) occurs

throughout the area.

Upper amphibolite facies assemblages dominate much of the
sector, with a granulite facies culmination occurring to the
south of Tvedestrand around Arendal (Figure 1.2). Staurolite
and muscovite are absent and the amphibolite facies rocks
are assigned to the sillimanite-almandine-orthoclase subfacies,
following Turner and Verhoogen (1960). The pelitic and semi-
pelitic rocks are frequently cordierite-bearing. The granulite
facies zone is demarcated from the adjacent amphibolite
facies by the presence of orthopyroxene in the metabasites,
which are otherwise dominantly of hornblende and plagioclase.
Besides forming a stable phase in these higher grade
metabasites, orthopyroxene also occurs in equilibrium as a
component of many of the granulite facies acid-intermediate
chamockites. The assemblage olivine + plagioclase is un-
recorded. Thus, according to the criteria of Green and Ringwood

(1967) and Heier (19735) the granulites belong to a low to

intermediate pressure groupe. Metamorphic maxima in the ran-c
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. Figure 1.2: Geolkogical sketch map of the Arendal-
Tvedestrand district. '
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700°- 800°C at 2 - 8 kbars. have been estimated for the
terrain (Touret 1968, Cooper 1971).

The structural evolution of the Bamble sector has been
long and complex, although much is now known of the relative
timing of events, and there is a'published framework (Starmer
1972 a, b). The essential fabric consists of a regional
foliation, sub-vertical, and trending broadly parallel with
the Skagerrak Coast. The amphibolite-granulite facies
transition, marked by the orthopyroxene isograd, runs
parallel to this dominant main phase foliétion, which is

common to both facies. (Figure 1.2).:

The approximate position of the orthopyroxene isograd
has been described by previous workers,(Touret 1971, Andrae
1974) and is revised in the present‘study, which is based
| on an area geologically mapped (Séale l:lSOOO) by Fieldy |
(1969), Beeson (1971) and Cooper (1971). These maps will
shortly be available in published form with an accompanying
report on the geology of the area. (Norges Geologisk
Unders. report series; Field, in preparation). For more
detailed accounts of the geology of the Tvedestrand-Arendal
district reference may be made to the work of Field, Beeson
and Cooper (op. cit.) and to the surveys by Bugge (1940, 1943)
and Touret (1962, 1968). Descriptions of the geology of
other parts of the’Bamble éector are summarised by Morton

et al(1970), and Starmer (1969 a, b; 1972 a, b).

C. Objectives.

By 1972 the mapping and preiiminary geochemical work by

Cooper (1971) and Field (1969) had revealed several features




which combined to suggest that further, in depth, geochemical
studies were warranted. At approximately the same time there
was a considerable resurgence of international interest in
the chemistry of granulite terrains, (e.g. Sighinolfi 1971,
Tamey et al 1972, Drury 1973, 1974, Sheraton et al 1973,
Heier 1973 (a, b), 1976, Tarrey 1976). These works refined
and extended the earlier studies of for example Lambert and
Heier (1968), Sighinolfi (1969) and Whitney (1969) which had
suggested that many granulite terrains were characterised
chemically by relative deficiencies in certain lithophile
elements, notably the alkaline metals. These were presumed
to have been mobilised and enriched into formerly overlying
amphibolite facies rocks either by transport in granitic
melts (e.g. Sighinolfi 1971) or by fluid diffusion processes
(. Beach and Fyfe 1972, Drury 1972, 1973, 1974.).

Thué, a consequence of these granulite studiés was that
important data on chemical fractionation in the crust were
thained, leading to hypotheses concerning:

a) The nature of the lower continental crust (Heier
1964, 1973a, b, Smithson and Brown 1977).

b) The evolution of the Precambrian crust (e.g. Tamey
1976) . '

The amphibolite-granulite facies zone in the Arendal-

Tvedestrand district appeared to offer a unique set of

advantages for undertaking the present study:

1) The transition zone had been geologically mapped.

11) It was considered by both Field (1969) and Cooper (1971)

to represent a prograde transitional sequence preserving an



iii)

iv)
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increase in grade from the orthopyroxene isograd

towards the coast and the Island of Tromgy where the
lowest structural levels are exposed. On Tromef .

many of the rocks are genuinely anhydrous.

Retrogression was minor, and a single dominant

foliation could be recognised as contiguous’across

the transition. Thus, later events had not obscured

the prograde crystallisation.

The acid-intermediate gneisses of highest grade (Tromgy
gneisses) are charnockitic, and were found to be
characterised by the lowest K and Rb values known for
granulites (Cooper 1971). This work has since been extended
recently and the data are thought to be indicative of
extreme fractionation (Cooper and Field 1977).
Preliminary data suggested that the metabasites in the
granulite facies also had these chemical features of
lower alkali elements relative to their amphibolite
facies equivalents. Research on chemical fractionation
in granﬁlite terrains had often emphasized gross chemical
variation in acid-intermediate suites, and it was often
concluded that mafic material seemed to retain its pre-
metamorphic chemistry (e.g. Lambert and Heier 1968, Lewis
and Spooner 1973). Further studies have failed to completely
clarify this positions Drury (1974) showed some chemical
variation in mafic granulites (n=9) and amphibolites
(n=32) from the Lewisian, but for Central Australia,
Collerson (1975) concluded that only acidic rocks had

been involved in crustal fractionation processes.

The question arises therefore, that if genetically

distinct basic rocks are affected by chemical fractionation,

can this be reconciled with material transport via
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granitic melts? (c.f. Heierv1973 a, b).

vi)  The terrain is of low to intermediate pressﬁre.

It had previously been suggestéd that'fractiohation
was resiricted to medium or high préssuré series
(Lambert and Heier 1968).

vii) The metamorphism is of established Proterozoic age
(0'Nions et al 1969), while the majority of previous
granulite studies have been on Archaean rocks. If
crustal fractionation processes are important in the

,Proterozoic, then some constraints are placed on
hypotheses deemed applicable only .to Archaean crustal
formation. |

viii) Since the work of Engei and Engel (1962)and Binns (1964),
no comprehensive attempt has been made to inves tigate a
series of metabasites from a progressive amphibolite -

granulite transition zone.

Thus, the present work is an attempt to characterlse 1n‘
detail the petrochemlstry of the metabaulc rocks from across
the amphlbollte granulite transition in the Arendal- Tvedestrand
region. Although less 1mportant in terms of volume than the
acid and intermediate components of the terrain, the metabasites
are nevertheless highly significant in its evolution and
petrochemical character. Certain details of the metabasite
chemistry have already been published (Field and Clough 1976)
and a reprint of this work is included at the back of this

thesis.

D, Nomenélature.

The term ‘'amphibolite’ is usged consistently by most authors

in referring to a rock, essentially of hornblende and plagioclarn”



in subequal proportions, irrespective of origin. Sometimes,
however, this is synonomous with "basic rocks of the
amphibolite facies"”. In this terrain a further difficulty
arises, due to the transition into granulite facies |
assemblages. ‘'Pyribolite' has been used (e.g. Starmer 1972a),
though not extensively, for these granulite facies orthopyroxene -
hom@lende-plagioclase rocks, and another alternative is

"basic granulite' (e.g. Drury 1974). To avoid using more than
one term to déscribe these rocks from across the transition

zone 'metabasite' is used in this study for assemblages of
hornblende -plagioclase g orthopyroxene. This practice
-corresponds to the nomenclature recommended by Miyashiro (1967).
The term is particularly apt due to the wholly metamorphic

nature of the textures in the group, and their undoubted

igneous origin. (See Chapter 2).

The gabbro intrusions which oécur fhroughout the terrain,
but which are only partiaily metamorphosed.vénd were intruded
later in the sequence of events (esge Stérmer l969b), are
referred to as 'hyperites'; This usage follows Br¢ggér (1935).
and later authors (Frﬁdesen (1968a, b), Elliott 1973, Field
and Elliott 1974).
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CHAPTER 2.

Field relations and petrography.

A. Introduction

The metabasites considered in this thesis are
important constituents of the terrain, and account for
approximately 10% by volume of the surface outcrop. They

are well-distributed throughout the transition.

The distinction between the metabasite suite and two
groups must be emphasized. Firstly,whilst mafic material
frequently occurs in complex assoclation with migmatites
throughout the terrain, such rocks have been excluded from
the,preseﬁt survey. Secondly, the metabasites may be
readily distinguished in time and origin from the hyperites
and their attendant dykes.  These bodies were emplaced at a
late stage in the evolution of the terrain, and are characterised
by corona development and occasional veins of chloroapatite
and albitite (Bugge 1965, Starmer l969a)- The hyperite dykes
are frequently found to transgress the surroundlng gnelsses.
1ncluding metabas1tes, sometimes at high angles (Field 1969)
Additionally, the presence of rellct ophitic or coronitic
textures is a decisive characteristic of the hyperites, such
features being completely absent frqh the metabasite group.
Although amphibolitization of hyperite is common, particularly
at the margins of the intrusive stocks (Elliott1973) it is
an incomplete process often patchy or abrupt in transition
to normal hyperite facies. With suitable caution a complete
dlscrlmlnatlon between the metaba31tes and the later hyperites

is poss1ble in the field.



B, Field relations

The Bamble sector affords good rock exposure, a
consequence of the glaciated fjord coastline, and strong, but
not mountainous relief. Recently cut road sections occur

throughout the area.

The metabasites are found és layers and lenses of
variable thickness,ranging from a few centimetres to over
30 metres in width of outcrop. They occur as both massive
and schistose bodies, the latter being slightly the more
frequent, reflecting the ubiquitous presence of prismatic
hornblende. Massive varieties are most common in the granulite
facies, and are usually finer-grained. Where a foliation is
developed it is continuous with the regional fabric in the

country gneisses.

Workers in adjacent areas of the Bémﬁle sector have
concluded that the metabasites were originally minor igneous
intrusions. (Pettersson 1964, Touret 1968, Starmer 1972a).
The same coﬁclusion has been formed in the Arendal-Tvedestrand
district in the present study and by Field (1969). Although |
there is an overall conformability of lithological units
throughout the sector, positive field evidence for
discordant intrusion of the metabasites has been verified in
some outcrops (e.g. figures 2.1, 2.2) where slightly oblique
contacts between a metabasite and the country foliation are
occasionally preserved. Such contacts are sharp and are
particularly prominent where the wall rock is a quartzite.

In these instances transgressive apophyses have also been

recorded. Moreover, in northern Bamble, Pettersson (1964)



has described zenoliths of quartzite in an amphibolite.

Nowhere is there a thin layered sequence that
might be indicative of a sedimentary origin for some of the
mafic rocks (c.f. Orville 1969, Kamp 1970). Marbles and
calc-silicates are present, but are poorly developed and
largely restricted to the environs of Arendal. DMetabasites are
rarely in association with these groups, and sampling in

these areas has been avoided.

Although the metamorphic evolution of the Bamble
sector was complex and protracted, (0'Nions and Baadsgaard
1971) the relative timing of major events is now known,

(e.g. Starmer 1972 a, b). All workers are agreed that the
metabasites already existed during the development of the
main'regional.foliation and metamorphism; they both contain
this dominant foliation and have acquired wholly metamorphic
textures and assemblages. This re-emphasizes the distinction
between this group and the later hyperites, in which relict

ophitic textures are such a prominent feature.
A

Field relationships therefore suggest that the
metabasites as a suite were essentially a series of basic dykes
or sills intruded into a gneiss/supracrustal sequence before the
thermal maximum. There is no evidence in the Arendal-
Tvedestrand district for the syn-kinematic intrusion of primary
amphibolite as described by Watterson (1968) in Greenland.
Similarly, no evidence has been found for the existence of

more than one generation of (metabasite) intrusion, although

this possibility cannot be excluded on field evidence alone.
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Figures 2.1 - 2.5 illustrate some typical aspects of
the field occurrence of the metabasites in the Arendal-

Tvedestrand area.

Sampling points have been divided sub-equally between
the amphibolite facies and the granulite facies, and since
the focus has been upon one lithological unit, a grid system
has not been employed. The frequency of fresh exposure has
facilitated a wide and a_really representative selection of
sampling points. The precise locations of 176 metabasite
Samples which have been chemically analysed are given on the
1150000 map included in the folder at the back of this thesis.
Thin sections of these form the basis of the ensuing comments
Oon petrography. The representative _areal sampling has béen
Supplemented in four sub-areas by relatively dense sample
Selection. 42 samples were originally collected from the
mainland transition zone, as a pilot study (Field 1969), and

these have been fully integrated into the present survey.

The collection of fresh unweathered rocks, usually

from the central portion of the metabasite outcrop has been

€mphasized.

D. The orthopyroxene isograd and sub-division of the terrain.

The first occurrence of orthopyroxene in metabasites
towards the Skagerrak coast is gradual, but the "best-fit"
°f the incoming of the mineral has been determined and is shown
on the maps of figuresl.2 (Chapter 1), and 2.6. This
Presentation is a slight modification of the positions
figured by Touret (1968, 1971) and Andrae (1974). Of the

94 samples to the south-east of this divide, 14 (15%) are not
\ .




Figure 2.1: Thin, discordant apophyses of metabasite in

quartzite wall rock.



Figure 2.2: Discordant metabasite with small apophysis

preserved (to right of coin).

Figure 2.3: Metabasite with charnockitic gneiss wall rock
(Zone B).



Figure 2.4: Garnetiferous metabasite from zone A.

Figure 2.5: Thin metabasites in acid gneiss sequence
(Zone C).



orthopyroxene bearing, and orthopyroxene-free samples

have been found up to 11 kilometres up-grade from the isograd.
Conversely, rare isolated occurrences of granulite facies
assemblages, including rocks with charnockitic affinities,

are known from the environs of‘Veggrshéi. well‘to‘thé‘west

of the orthopyroxene isograd in the present area. (Tburet
1967, Morton et al, 1970, Beeson 1971). This occasional
presence of orthopyroxene-bearing metabasites within areas which
are otherwise characteristic of the upper amphibolite facies
has been confirmed in the current study. (6/82 samples

west and northfwest of the isograd (figure 2.6) contain
orthopyroxene); This imprecision of the isograd‘is either
due to minor chemical variations within the metabasife
lithological uﬁit, or to local fluctuations in the pressure-

temperature gradient, perhaps associated with variable pH20.

While the facies boundary forms a naturai two-fold div-
ision of the Arendal-Tvedestrand district, a three-foldvzonal
division, based on both mineralogical énd geographical criteria,
is used in this study. The three zones, A, B and C ére

outlined in figure 2.6 and table 2.1.

82 éut_bf thé i?éyanalysed Samples are assigned to
zone A, north:west of the orthopyroxene isograd which separates
zones A and B. Zone A is thus equated with the amphibolite
facies of the Tvedestrand-Arendal district. The 9h‘granulite
facies rocks are subdivided into “mainland“samplesb(zone B,
n = 62) and those from the island of Tromfy (zone C, n = 32).
This off-shore island contains the highest.grade rocks of the
study area and thus both geographically and geologically provides

a convenient unit for discussion of the metabasite petrochemistry



- 'Figure 2.63

' Subdivision of the terrain into

metamorphic zones A, B and C.

T Ar.e = Arenda1§ Tv. = Tvedestrand;

Tr. = Tromdy.



Description

Characteristic

Zone Metabasite assemblages Other mlnerals and comments
"Amphibolite S : cpx and gt sporadic:
A facies - hb - pl+ bi opx-bearing metabasites are
Mainland" ' infrequent and uncharacteristic
: "Granulite hb - pl - opx + bi 17% of Zone B metabasites are
B - facies -~ : opx-free; cpx is more frequent;
.. Mainland gt remains sporadic, and bi shows
E ' a small decline in occuwence
"Granulite ' Garnet very rare; biotite
C ‘facies - hb - pl - opx - cpx considerably less abundant.
‘ Tromgy + bi Clinopyroxene now a characteristic
: : mineral .
Key: . opx = orthopyroxene; hb = hornblende; cpx = clinopyroxene; pl = plagioclase;

bi = biotites; gt = garnet: -

TABLE 2.1:

Generalised Zonal Minéralogies in the

Metabasites
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at some distance up-grade from the isograd. Recently
documented anal&ses of the Tromgy acid-intermediate
charnockitic gneisses suggest that the separation of
Tromdy from the mainland granulite facies terrain may also
be Jjustified on purely geochemical grounds. (Cooper and
Field, 1977; Field, unpublished data). This subdivision

of the terrain is maintained in the ensuing chapters on

chemistry.

E. Mineral assemblages.

Modal analyses for the metabasites are tabulated
in Appendix 1. The mineral assemblages are divided into two
broad groups, corresponding to the facies division in which

ofthopyroxene is the index mineral.

1. hornblerde-plagioclase (f biotite) (Zone A)
2. hornblende-plagioclase - (orthopyroxene) ¥

(clinopyroxene) ¥ (biotite) (Zones B and C).

The assemblage characteristics of the three zones are

also summarised in table 2.1, and each Zone is now discussed
in turn.

Zone A The hornblerde-plagioclase T biotite assemblage shows
its maximum éxpression in the metabasites of zone A. Hornblende
ranges from 28% to 74%, with a well defined mean value of 55%

in the mode. Plagioclase is usually, though not exclusively
subordinate, averaging 34.5%. Biotite ranges from O -BO%,

and 674 of the group have greater than 14 of this mineral.

However, only 30% attain 10% modal biotite.



Of the 82 metabasites, 7 contain minor amounts of
clinopyroxene (£ 5%¢) and 6 contain garnet (€ 17%). A
single hornblende-plagioclase-cummingtonite-garnet rock has
been recorded. 6 of the metabasites contain the granulite facies
index mineral, orthopyroxene, although in 4 samples it attains

less than 10%. These 6 rocks are widely distributed within

zone A.

The hornblende is typically green to dark green
in colour, although rare brown-green to brown varieties have
been noted, including in two of the orthopyroxene-bearing
samples. The plagioclase feldspar ranges in anorthite
content from Ansy to Angs;  there is a mean value approximating
to the andesine-labradorite boundary at An50. Plagioclase is
seldom completely fresh in the metabasites and sericitization
is widespread‘but usually‘partialo The textures of the

metabasites are described and illustrated separately below.

Zone B Hornblende-plagioclase-orthopyroxene is the
characteristic assemblage of zone B, although orthopyroxene

is absent in a significant minority of metabasites (11/62 =
174). It is present in only accessory quantities or in
highly altered condition in a further 9 samples. In the
remaining, the average modal value is 12%. With the incoming
of orthopyroxene there is a concomitant decline in the average
modal hornblende value to 39%. The range of hornblende
frequency is from 3% to 65%. The plagioclase mode and

anorthite content are comparable with the Zone A values.

The occurrence of biotite and the sericitization
of plagioelase are slightly less prominent in zone B.

Clinopyroxene is more frequently found, occurring in one-
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third of the Zone B samples, though seldom attaining 10%
of the mode. Garnet (£ 18%) remains sporadic in

distribution. (7/62 samples).

Hornblende is more variable in colour in zone B,
and brown varieties, though still subordinate to green and

green-brown forms, are more frequent.

Zone C. Orthopyroxene is more widely established in this
zone, and is characteristically found in association with
clinopyroxene. Orthopyroxene (0 - 2&%) averages ca 12%,'
while the mean modal value for clinopyroxene is ca 5%.

(range = 0 ~ 147). Pyroxenes are hot appreciably more
abundant than in zone B, therefore, and hornblende.remains the
dominant mafic mineral. The amphibole is present as

15 - 68% of the mode, averaging 38%. Plagioclase (25% =~ 57%;
mean 43%) is thus approximately equally deveioped with
hornblende, but is generally subordinate to the combined

modal proportions of the mafic minerals.

Garnet has not been recorded in the analysed metabasites
from Tromgy, but is known to occur in one locality on the

northern coast of the island, (grid ref: 49006482).

A most interesting mineralogical feature of the
Zone C metabasites‘istthe significantly lower anorthite
content of their plagioclases compared with the mainland zones.
The An % ranges from Anys to Any),, averaging Angg (Calcic
oligoclase). This feature was previbusly noted by Cooper

(1971), and will be discussed again in Chapter 3.
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The hornblendes are typically dark green. The
increased tendency to a brown colouration noted between
zones A and B is apparently not continued into zone Ce.
Biotite is much less frequently developed in zone C, and

sericitization of the plagioclase is further reduced.

Accessory minerals.

The most persistent accessories are opaque ore
minerals, with ilmenite being the most common. Apatite is
well-distributed and particularly notable in zone B samples;
quartz and sphene have a dispersed and irregular distribution
throughout the Arendal-Tvedestrand district. Both are
extremely rare in zone C, however. K-feldspar (mic_rocline)
has been noted locally, and where present is usually found
in metabasites closely associated with granitic gneiss. It is
also associated with the rocks showing the greatest sericitization

of the plagioclase. In sample 7128 K-feldspar occurs as 10.3%

of the mode.

Other rare accessories include rutile, prehnite,
zircon and pyrite, whilst chlorite and sericite form

alteration products.

The occurrence and paragenesis of garnet is considered

separately in Chapter 8.

F. Textural relationships.

The metabasites display wholly metamorphic textures.
There is a complete absence of the relict ophitic or coronitic

textures that are one of the distinguishing features of the

hyperites.



Figure 2.7: Schistose metabasite, zone A. (No. 786). (X 16)

Biotite-free metabasite from zone A (No. 780)

Figure 2.8:
Accessory ore and apatite. (X 16).
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Figure 2.9: Metabasite from zone B (No. 705), with highly altered
relict orthopyroxene. (Right of photograph.) (X 16)

Granoblastic texture in metabasite from zone B.

Figure 2.103
Abundance of biotite is higher than usual for zone 7.

(X-16)



Figure 2.11: Zone C metabasite (No. 203). Alteration of orthopyroxene
to chlorite and hornblende contrasts with the xenoblastic
hornblende. (X 16).

Figure 2.12: Hyperite sample with relict ophitic texture and partial
coronas of hornblende after pyroxene. (X 10).
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The photomicrographs of figures 2.7 to 2.11
illustrate thé typical textural‘features of the metabasites,
which characteristically vary with zone, and thus reflect
the changes in metamorphic grade across the terrain.

Figure 2.12 is a photomicrograph ¢f a typical hyperite sample,

for comparison.

Zone A:  The samples of zone A are generally medium-grained
sub-equigranular rocks, often with a nematoblastic schistosity
(Harker 1939, p.201; Spry 1969, p:208). The sub-parallel
elongation of the prismatic hornblende is frequently well-
defined in this group. The plagioclase feldspar occurs as
irregular, rounded xenoblastic grains, and the biotite, where
present, as irregularly dispersed flakes. Inclusions of ore
minerals and occasionally quartz are relatively common in

the hornblendés. Xenoblastic plagioclase grains form
ifregular or rounded grain-boundaries against the prismatic
and often poikiloblastic hornblendes. Closely comparable
textural descriptions of metabasic rocks in the amphibolite facies
of high-grade transition zones have been given by Engel and

Engel (1962) for the Adirondacks and by Binns (1964) for

Broken Hill.

Zones B and C: These two zones have important metabasite

textures, based on hornblende-pyroxene relationships.

One or both pyroxenes generally occur as small
xenoblastic or sub-idioblastic grains often coexisting under
apparent texural equilibrium with discrete hornblendes.
(Figures 2,10 & 2.11). The schistosity characteristic of the

zone A samples is less well defined in these higher grade



zones, and granuloblastic textures with straight or curved
grain boundaries are correspondingly more important. Triple

