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Abstract 

The rocks of two areas of the pre-Cambrian "basement 
of S.W. Greenland are described. The suite of plutonic 
rocks comprises gneisses, amphibolites, u l t r a - b a s i c 
rocks, schists, and granites. P a r t i c u l a r a t t e n t i o n i s 
devoted to the petrology and geochemistry of the 
amphibolites and i t i s shown that mineralogical 
differences between the amphibolites of the two areas 
cannot be a t t r i b u t e d to differences i n bulk rock 
composition. The o r i g i n of the amphibolites i s discussed 
i n the l i g h t of X-ray fluorescence rock analyses and i t 
i s concluded that they are.probably igneous i n o r i g i n . 

The amphibolites of one area contain stable garnet 
and clinopyroxene, but garnet and stable clinopyroxene 
are not found i n the amphibolites of the other (none of 
the amphibolites contains stable orthopyroxene). This 
difference i n mineralogy i s i n t e r p r e t e d as being the 
r e s u l t of "wet" metamorphism near a large autochthonous 
granite, and "dry" away from i t . The grade of metamorphism 
i s revealed by the presence of s i l l i m a n i t e i n the schists 
as being of the upper amphibolite facies. The presence of 
c o r d i e r i t e i n the same rock shows that pressure was only 
moderate. 

The country rocks were migmatised throughout what 
was probably a long period of plutonism. The plutonism 



ended with the formation of a large autochthonous 
granite. Small allochthonous granites surround the 
autochthonous mass. 

The large and small scale structures of the areas 
are described, and the deformational h i s t o r y 
elucidated .as f a r as i s possible. Three periods of 
plutonic deformation are recognised, w i t h the main 
migmatisation having occurred during the second. 

Numerous dykes, some of which are fresh o l i v i n e 
d o l e r i t e s and others metadolerites, intrude the plutonic 
rocks and these also are "b r i e f l y described. 
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INTRODUCTION 
Although most of Greenland i s covered "by ice-cap -

generally called Inlandice "by the Danes - there i s a . 
s t r e t c h of ground around the margin free of permanent 
ic e , except f o r small l o c a l ice-caps and glaciers 
leading down to the f j o r d s . The ice-free margin may 
he up to 200 km. wide, hut 50 km. i s a more usual 
width. The present study has "been carried out on two 
parts of t h i s margin i n the Neria Area S.W. Greenland; 
Figures 1 and 2 show the regional and l o c a l geography 
respectively. The smaller area mapped occupies 
approximately 70 sq. km. at the end of a peninsula 
"between two f j o r d s some 35 south-south-east of 
Frederikshab. The larger i s an inland area of about 
200 sq.km. and i s situated 4-0 km. east of the coastal 
area. 

The i n v e s t i g a t i o n was carried out as part of the 
GGU* programme of systematic mapping i n S. Greenland. 
The Survey has, since 1956, mapped many thousands of 
square kilometres between Kap Farvel and FrederikshSb 
on a scale of 1:20,000. The work i s now being extended 
to the north of Frederikshab. 

The f i e l d work occupied the summers of 1964-, '65 and 
'66 wi t h three months being spent i n the f i e l d 
*Gr^nlands Geologiske Unders^gelse (Geological Survey of 
Greenland) 
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each season. Most of the time was spent on the inland, 
area. The coastal area extends up to 600 m. a l t i t u d e , 
and the inland area ranges from 600 m. to 14-00 m. 
Below approximately 600 m. heather, willow scrub, and 
moss grow t h i c k l y i n the valleys and the rock faces are 
usually encrusted w i t h lichens. The lichens can 
seriously impede observation of the d e t a i l s of the rocks, 
and at low a l t i t u d e s most of the very detailed observa­
ti o n s must be made on a clear zone which occurs along 
the shore between the land and sea f l o r a s . Above 600 m., 
however, the vegetation i s very sparse and where there 
are no boulder f i e l d s or l o c a l ice-caps the exposure i s 
magnificent. 

Previous work on the areas i s n e g l i g i b l e and nothing 
has been published. A small-scale reconnaissance map 
produced by A. Berthelsen showed the main structures of 
the Coastal Area, but not of the Inland Area. This map 
was made from a e r i a l reconnaissance and a e r i a l photographs 
and was not published. Geologically, therefore, the areas 
were very much terrae incognitae. 

Regional Setting of the Geology 
U n t i l the p u b l i c a t i o n i n 1938 of C.E. Wegm.ann's work 

on the s t r u c t u r a l d i v i s i o n s of S.W. Greenland very l i t t l e 
was known about the large scale s t r u c t u r a l u n i t s of the 
t e r r i t o r y . The work of N.V. Ussing i n 1912 and e a r l i e r 



pioneers was much more l o c a l and p e t r o l o g i c a l i n aspect 
than Wegmann's. 

Wegmann divided the Pre-Cambrian rocks of S.W. 
Greenland i n t o two main groups and cal l e d them 
K e t i l i d i a n and Gardar. The Gardar rocks consist of 
almost unmetamorphosed sediments, volcanics and 
in t r u s i v e s which o v e r l i e and intrude the much older 
K e t i l i d i a n rocks. The place of the Gardar rocks i n the 
chronology of the region i s not much questioned, hut the 
chronology of the K e t i l i d i a n and p r e - K e t i l i d i a n rocks i s 
not completely understood*., 

The K e t i l i d i a n was divided i n t o two groups Toy 
Wegmann: a basement migmatite i n f r a s t r u c t u r e , and 
an overlying, s l i g h t l y metamorphosed suprastructure. 
O r i g i n a l l y Wegmann considered the i n f r a s t r u c t u r e to he 
the g n e i s s i f i e d equivalent of the supracrustals. However, 
when mapping started at the head of Sermiligarssuk Fjord 
( f i g . 2 ) i n 1964- the supracrustals were found to over l i e 
the gneisses w i t h a strong unconformity. Thus i t "became 
clear that the gneisses are p r e - K e t i l i d i a n i n age. The 
d e t a i l s of the chronology of the Sermiligarssuk-Ivigtut 
area have been given "by Higgins and Bondesen (1966) and 
Windley, Henriksen, Higgins, Bondesen, and Jensen (1966). 
The f i r s t paper traces the development of ideas about 
the chronology since Wegmann's account. Apart from 
dykes and granites the rocks of the Neria Area, i . e . 
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N. of Sarmiligarssuk Fjord, are a l l p r e - K e t i l i d i a n i n 
age. The terms supracrustal and i n f r a c r u s t a l are 
frequently used "by Scandinavian geologists to describe 
rocks formed at d i f f e r e n t levels i n the Earth's crust. 
Supracrustal rocks are those that were formed at the 
surface of the Earth. They include sediments and 
volcanics. Supracrustals may "be s l i g h t l y metamorphosed, 
but they w i l l not have been g n e i s s i f i e d . I n f r a c r u s t a l 
rocks are those formed under plutonic conditions and 
occur as basement rocks of an area. I n f r a s t r u c t u r e and 
suprastructure are the names given to the s t r u c t u r a l 
u n i t s formed by the i n f r a c r u s t a l and supracrustal rocks. 

South of Sermiligarss.uk the gneisses and supra­
crustals have been affected by metamorphic events of 
K e t i l i d i a n and Sanerutian ages. Sanerutian i s the name 
given to a period of plutonism which occurred l a t e r than 
the K e t i l i d i a n , but i t s exact status i s not yet decided. 
The e f f e c t s of these two events increase to the south 
and as a r e s u l t the differences between the i n f r a s t r u c t u r e 
and the suprastructure have become blu r r e d . I t i s f o r t h i s 
reason that there was early confusion about the r e l a t i o n s h i p 
between them. I n the i n f r a s t r u c t u r e the increase i n 
metamorphism i s shown by changes i n the basic dykes which 
intrude the gneisses. Dykes i n the Neria Area are almost 
completely undeformed, but may be s l i g h t l y metamorphosed. 
Southwards, however, they become progressively more 

http://Sermiligarss.uk


deformed and metamorphosed, u n t i l south of I v i g t u t the 
only remnants of the dykes are sheared out amphibolite 
lenses concordant to the gneiss structures 

Although there are no v i s i b l e e f f e c t s of the 
K e t i l i d i a n orogeny i n the Neria Area ( w i t h the possible 
exception of the weak metamorphism of the pre-Gardar 
dykes), K/Ar age determinations give ages of around 
1800 m. y. (Larsen, 1966). This date i s only s l i g h t l y 
older than that of the K e t i l i d i a n orogeny, which has 
been dated at around 1600 m.y ( i b i d ) . The significance 
of the 1800 m.y. date i s not yet understood, but i t may 
correspond to a separate thermal event that affected 
the rocks of the Godthabsfjord area (McGregor, 1966), or 
i t may be an intermediate date formed by s l i g h t heating 
of the rocks by the K e t i l i d i a n metamorphism and a p a r t i a l 
expulsion of the argon. Further north, from around 
Fiskenaesset and Godth§b ( f i g . 1 ) , K/Ar dates of 2300 m.y. 
and 2600 m.y. (Larsen, 1966) have been obtained from 
rocks belonging to the same group as the p r e - K e t i l i d i a n 
rocks of the Neria Area. Rb/Sr whole rock ages should 
become available i n the future and from these i t should 
be possible to obtain the age of formation of the Neria 
gneisses. 

The metadolerite dykes of the Neria Area are thought 
to be p r e - K e t i l i d i a n i n age as only two dykes are known to 
cut the unconformity.between the i n f r a c r u s t a l s and 



supracrustals, even though there are dozens of dykes 
i n the i n f r a c r u s t a l s to the north and west. I n the 
Midternaes area at the head of Sermiligarssuk Fjord 
where the unconformity i s least deformed there are 
unfortunately very few dykes and none can be traced up 
to the unconformity. However, i f the dykes he 
K e t i l i d i a n or younger a number should be found i n the 
K e t i l i d i a n rocks. Further south, i n Kobberminebugt, 
dykes have been found i n the K e t i l i d i a n rocks and a 
complicated h i s t o r y of metamorphism, deformation and 
g r a n i t i s a t i o n has been elucidated by Watterson (1965), 
but these dykes are usually only 1 - 2 m. t h i c k whereas 
those i n the i n f r a s t r u c t u r e are up to 50 m. t h i c k . 
Therefo3?e c o r r e l a t i o n i s d i f f i c u l t , but i t would appear 
that Watterson's f i r s t period dykes are equivalent to 
the two dykes seen c u t t i n g the border between the 
i n f r a s t r u c t u r e and suprastructure and are probably 
younger than those below the unconformity. 



CHAPTER ONE 

STRATIGRAPHY 

Four main rock types make up the country rock of 
the areas studied. They are, i n decreasing order of 
abundance, acid gneiss, amphibolite, garnet-mica-schist, 
granite and pegmatites. There are also u l t r a - b a s i c 
lenses and c a l c - s i l i c a t e rocks, but these are present 
i n much smaller amounts. Hornblende and b i o t i t e 
gneisses are by f a r the most abundant rocks, comprising 
approximately 80-90% of the t o t a l rock mass. On account 
of t h i s , d e t a i l e d stratigraphy could not be worked out 
because the gneiss i s very uniform i n composition over 
the area as a. whole, while being very heterogeneous on 
the hand specimen scale. However, a broad d i v i s i o n 
i n t o major s t r a t i g r a p h i c a l u n i t s can be made. 

The rocks of the Inland Area can be divided i n t o 
several large s t r a t i g r a p h i c a l u n i t s which are also found 
i n the surrounding areas mapped by other geologists. I n 
the Coastal Area two main di v i s i o n s can be erected. 
C o r r e c t i o n between the two areas cannot yet be carried 
out w i t h very much c e r t a i n t y . 

Inland Area 
Six major s t r a t i g r a p h i c a l u n i t s are recognised i n 

the Inland Area: 



Hornblende Gneiss highest 
Boundary Layer Amphibolite 
Upper B i o t i t e Gneiss 
Laminated Amphibolite 
Brown Schist 
Lower B i o t i t e Gneiss lowest 

The terms "upper" and "lower" r e f e r only to 
s t r u c t u r a l p o s i t i o n and must not be considered as 
i n d i c a t i n g the r e l a t i v e ages. There i s no evidence 
available at present th a t indicates the d i r e c t i o n of 
younging. 

Hornblende Gneiss 
This occurs i n the north-western corner of the 

Inland Area and on the large scale forms a synform that 
closes to the north-east. The synform i s at least 50 km. 
long and s t r i k e s approximately N.E. - S.W. 

Boundary Layer Amphibolite 
This amphibolite i s one of the many concordant 

amphibolites occurring i n the gneiss succession, but i t 
i s given a name because i t i s p a r t i c u l a r l y important, 
coming as i t does between the Hornblende Gneiss and 
Upper B i o t i t e Gneiss (See Map I ) . I t was named by 
Dr. Zdenek Misar, who mapped the area to the west where 
i t i s p a r t i c u l a r l y well developed. I n the Inland Area 



the Boundary Layer Amphibolite i s only a few metres 
t h i c k and i s often "boudinaged, "but elsewhere i t 
becomes much th i c k e r and may have ul t r a - b a s i c rocks 
associated w i t h i t (personal communications from other 
GGU geo l o g i s t s ) . 

Upper B i o t i t e Gneiss 
This forms a very large u n i t between the Boundary 

Layer Amphibolite and the Laminated Amphibolite. I t i s 
also seen i n g r i d squares D4- and G5 (Map I ) where i t 
outcrops i n the synform between the Laminated Amphibolite 
and the Brown Schist horizon, but here i t i s much thinner 

I n the main development of the Upper B i o t i t e Gneiss 
a progressive change across the s t r i k e car. be observed. 
I n the upper part near the Boundary Layer Amphibolite 
several concordant amphibolites occur, and two or three 
of them have associated u l t r a - b a s i c lenses. Lower i n 
the succession the amphibolite horizons become thinner 
and less abundant and do not have any ul t r a - b a s i c rocks. 

I t i s probable t h a t there I s a major break i n the 
Upper B i o t i t e Gneiss, but at the present state of 
knowledge i t i s best to consider i t as one u n i t . The 
reasons f o r postulating a break and i t s nature and 
p o s i t i o n w i l l be discussed l a t e r . 
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Laminated Amphiloolite and Brown Schist 
These usually occur together and provide the best 

marker horizon i n the whole succession. As can be seen 
from Map I they define a south-westerly plunging antiform 
and an adjacent synform to the east. I t i s probable t h a t 
there i s only one brown schist horizon, but t h i s cannot 
be proved beyond doubt. To the north-east M. Henri Masson, 
who has mapped tha t area, has concluded on s t r u c t u r a l 
grounds that there i s only one brown schist horizon. I n 
the Inland Area the evidence points to the same conclusion. 
Brown schist i s not found i n the north-west development of 
the Upper B i o t i t e Gneiss whereas i f there were two schist 
horizons the eastern one should be repeated to the north­
west. Furthermore, although laminated amphibolite i s not 
found a l l the way along the s t r i k e of the eastern brown 
schist horizon I t i s present i n places (such as i n g r i d 
square E1, Map I ) . Thus i t i s most l i k e l y that there i s 
only one brown schist horizon. I t i s on t h i s assumption 
tha t the i n t e r p r e t a t i o n of the structure i s based. 

Lower B i o t i t e Gneiss 
This outcrops i n the core of the major antiform and 

i n the east of the Inland Area. I n the core of the a n t i -
form no amphibolite horizons occur, but i n the eastern 
development of the Lower Gneiss amphibolites are found. 
There are some layers of hornblende gneiss i n t h i s 



succession, "but they are very much subordinate to the 
b i o t i t e gneiss. 

Coastal Area 
Only two s t r a t i g r a p h i c a l u n i t s are recognised i n the 

Coastal Area: 
Hornblende Gneiss 
B i o t i t e Gneiss 

Most of the Coastal Area l i e s w i t h i n the Hornblende 
Gneiss Succession. Biotite-gneiss i s found only i n the 
northern p a r t . An amphibolite horizon w i t h u l t r a - b a s i c 
lenses separates the two. This horizon i s probably the 
continuation of the Boundary Layer Amphibolites along 
the northern side of the Hornblende Gneiss synform. 

Correlation between the two areas 
Correlation i s very tenuous at the present state of 

knowledge, but i t i s possible that the amphibolite 
between the two gneiss u n i t s of the Coastal Area may be 
the same as the Boundary Layer Amphibolite of the Inland 
Area, and that the Hornblende Gneiss successions i n both 
areas are the same, and that the B i o t i t e Gneiss of the 
Coastal Area correlates w i t h the upper part of the Upper 
B i o t i t e Gneiss. The j u s t i f i c a t i o n f o r t h i s proposal i s 
the s i m i l a r i t y between the coast succession and the upper 
part of the inland one coupled w i t h the knowledge that 



the Hornblende Gneiss occupies a large synform which 
runs between the two areas. However, only when the 
geological map of the whole Neria Area becomes available 
w i l l i t be possible to put t h i s very t e n t a t i v e 
c o r r e l a t i o n on a f i r m basis. 
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CHAPTER TWO 

GNEISSES 

Types of Gneiss 

A dual c l a s s i f i c a t i o n of the gneisses i s employed: 
a "broad petrographical d i v i s i o n i n t o hornblende - or 
bi o t i t e - b e a r i n g gneiss, and a s t r u c t u r a l c l a s s i f i c a t i o n 
that can be applied to both types. The s t r u c t u r a l 
c l a s s i f i c a t i o n i s one that has been evolved over several 
years by GGU geologists and i s used because petrographical 
differences between gneisses are often so small as to be 
unusable i n the f i e l d . The d e t a i l s were given by 
Berthelsen (1961), but the main types are described below. 

Banded gneiss i s by f a r the most common type and i s 
made up of a l t e r n a t i n g , w e l l defined layers of mafic and 
f e l s i c rock. The bands can vary i n thickness from 
milli m e t r e s to several tens of centimetres I n thickness. 
The mafic layers have an appreciable proportion of dark 
mineral whereas the f e l s i c layers may be almost.devoid of 
mafic minerals. F ig. 3 shows t y p i c a l banded gneiss. 

Veined gneiss occurs commonly and i s characterised 
by many i r r e g u l a r sub-parallel f e l s i c veins composed of 
quartzo-feldspathic material. The veins are usually 
concordant, but may be cross-cutting to the gneiss 
structures. 



m 5 

m 

3 Hornblende gneiss showing banding on several 
s c a l e s . Hornblende Gneiss Succession, grid 
square 1G, Map I I . 



17 

Both these v a r i e t i e s of gneiss may he deformed on 
the mesoscopic scale (Turner and Weiss, 1963,p.15)• 

Agmatitic gneiss i s gneiss that has a "breccia 
l i k e appearance w i t h a f e l s i c groundmass enclosing 
i r r e g u l a r , more basic fragments. Either or both of the 
parts of t h i s rock type has a preferred o r i e n t a t i o n , 
usually a f o l i a t i o n . 

N e b u l i t i c gneiss i s gneiss i n which, the l i t h o l o g i c a l 
differences have become vague and i l l - d e f i n e d . 

Homogeneous gneiss has no banding but has a 
preferred o r i e n t a t i o n of the p l a t y or prismatic minerals. 
As the name suggests there i s no l i t h o l o g i c a l v a r i a t i o n . 
This can be an o r i g i n a l feature or can be caused by a 
completion of the processes which gave r i s e to n e b u l i t i c 
gneiss. 

B i o t i t e Gneiss 
Var i e t i e s other than the normal banded gneiss 

generally do not form large areas, but occur only 
l o c a l l y . I n g r i d squares A6 and B6 (Map I ) the gneiss 
i s more f i n e l y banded than usual and i n places has 
almost completely l o s t i t s banding and i s only f o l i a t e d . 
This i s the largest area of homogeneous gneiss, but i t 
i s only 3-4 sq.km. i n extent. An area of t h i s size 
composed of homogeneous gneiss probably represents part of 
the o r i g i n a l succession that was p a r t i c u l a r l y uniform i n 
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composition and which has been preserved. Other occurrences 
of homogeneous gneiss are much smaller. They generally 
occupy a few hundred square metres or less, and can he 
seen to have* been formed by homogenisation or g r a n i t i s a t i o n 
of an o r i g i n a l l y banded or more basic rock. These w i l l be 
described w i t h the granite of the area. 

The other types of gneiss apart from the banded 
v a r i e t y also have i r r e g u l a r d i s t r i b u t i o n s and t h e i r 
occurrence may be r e l a t e d to l o c a l features. Thus agmatitic 
gneiss occurs along the ridge between g r i d squares E4- and 

(Map I ) . This i s caused by veining r e l a t e d to the 
leucocratic granite which occupies the southern end of the 
ridge. S i m i l a r l y , veined gneiss occurs i n the deep v a l l e y 
along the south-west side of the Inland Area, and t h i s i s 
associated with the Neria Granite to the south and east. 

The mafic and quartzo-feldspathic layers i n the 
banded gneiss are not necessarily of the same thickness at 
the same l o c a l i t y . Usually the f e l s i c layers are thicker 
than the mafic. When the banding i s on the large scale, 
i . e . the i n d i v i d u a l layers are up to 20-30 cm. t h i c k , the 
contacts between them are usually k n i f e sharp. On the 
small scale, however, w i t h leiyers 1-2 mm. or less i n 
thickness there i s not such a sharp boundary between them, 
and the layers may then be composed of r e l i c c l o t s of 
b i o t i t e intergrown. w i t h the quartz and feldspar grains. 
Within the large scale banding there w i l l be a smaller 
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scale banding and t h i s decrease i n the scale of the 
handing can go r i g h t down to the scale of i n d i v i d u a l 
mineral grains. The mafic layers are generally not 
handed, hut i f they are the handing i s much more regular 
and f i n e r than that i n the f e l s i c layers. I n d i v i d u a l 
layers cannot he traced f o r any great distances. They 
die out, disappear because of f o l d i n g , or become boudinaged. 
The b i o t i t e - r i c h and hornblende-rich bands i n p a r t i c u l a r 
are very susceptible to becoming boudinaged, whereas the 
f e l s i c bands r a r e l y show t h i s feature. The f o l i a t i o n of 
the rock i s usually p a r a l l e l to the banding, and t h i s i s 
also found i n boudins where the i n t e r n a l f o l i a t i o n 
follows the curved edge of the boudin. The gneiss 
f o l i a t i o n outside the boudins also i s curved round the 
boudins and i t i s clear that the mafic bands were much 
more competent than the f e l s i c during one period of 
deformation and as a r e s u l t they were boudinaged and the 
f e l s i c rock was then able to flow around them. Complicated 
i n t e r n a l deformation of the boudins has occurred i n a 
number of l o c a l i t i e s . The i n t e r n a l f o l i a t i o n and layering 
i s i s o c l i n a l l y folded, usually about a x i a l plains p a r a l l e l 
to the regional trend of the f o l i a t i o n . The presence of 
folds inside a boudin indicates that there was an early 
period of deformation during which the rock was less 
competent than i t was i n the l a t e r deformation when i t 
was boudinaged. (Berthelsen, 1957? 1960). The banding 
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i s folded on a l l scales from that of the hand specimen up 
to t h a t measured i n kilometres or even tens of kilometres. 
Where the bands are t h i c k the folds developed may be 
metres i n amplitude but when they are t h i n the folds are 
much t i g h t e r and i r r e g u l a r , (fig.4-.) 

Thus the o v e r a l l p i c t u r e that emerges of the 
gneisses i s of a t h i c k succession of quartz-feldspar rock 
with, i n t e r l a y e r e d mafic bands. The succession i s very 
uniform i n composition on the large scale, but on the 
hand specimen or outcrop scale i s heterogeneous. The 
gneisses are believed to be derived from sedimentary rocks 
and the banding represents o r i g i n a l differences i n compo­
s i t i o n that have been accentuated and separated by 
metamorphic d i f f e r e n t i a t i o n and shearing stress. Thus the 
bands do not correspond to an o r i g i n a l banding but they are 
p a r a l l e l to the o r i g i n a l bedding. 

Hornblende Gneiss 
The amount of hornblende gneiss i n the b i o t i t e gneiss 

succession increases s l i g h t l y as the Boundary Layer 
Amphibolite i n the north-west i s approached, but i t i s s t i l l 
very much less abundant than b i o t i t e gneiss. Hornblende 
gneiss occurring i n the b i o t i t e gneiss succession i s 
d i s t i n c t l y d i f f e r e n t from that of the main hornblende 
gneiss succession. Where i t occurs i n the b i o t i t e gneiss 



P i g . 4 Tight smallfolds i n f i n e l y banded bio t f e 
gneiss. Grid square B6, Map I . 

^^^^^^^^^^^^ 

F i g . 5 Very melanoeratic part of Hornblende Gneiss 
succession. Grid square S6, Map I I 
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hornblende gneiss i s e s s e n t i a l l y the same as the b i o t i t e 
gneiss except that i t contains hornblende as mafic 
mineral rather than b i o t i t e . The proportion of mafic 
to f e l s i c material i s roughly the same, with the f e l s i c 
minerals forming the main part of the rock and the 
hornblende occurring i n only minor amounts. I n the 
hornblende gneiss succession proper, however, the mafic 
minerals are very much more important and the mafic bands 
often predominate over the f e l s i c . Fig. 5 shows part of 
the hornblende gneiss that i s p a r t i c u l a r l y mafic and 
i r r e g u l a r l y banded. Homogeneous gneiss i s absent i n the 
hornblende gneiss succession, but veining and other 
g r a n i t i s a t i o n phenomena occur. 

Gneiss Petrography 
There i s great u n i f o r m i t y about the petrography of 

the acid gneisses as quartz and plagioclase usually 
comprise 70-90% of the rock ( a l l modal percentages are 
volume percent). The very mafic r i c h bands have a higher 
proportion, of b i o t i t e , but again there i s very l i t t l e 
v a r i a t i o n w i t h i n the mafic bands. The texture of the 
gneiss i s usually interlobate-hemigranoblastic (Berthelsen, 
1960, p.24-), but porphyroblasts of feldspar .are not un­
common, and where there has been nearby m y l o n i t i s a t i o n 
quartz i s r e c r y s t a l l i s e d i n t o many small grains. The 
f o l i a t i o n v i s i b l e i n hand specimen usually cannot be seen 



Fig. 6 Microcline porphyro"blast enclosing small 
quartz grains and a s e r i c i t i s e d plagioclase 
grain i n "biotite gneiss. Specimen 7104-1, 
XN, X 10. 
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i n t h i n sections of f e l s i c gneiss because there i s so 
l i t t l e " b i o t i t e , but i n the Toiot i t e - r i c h hands there 
i s a stronger planar s t r u c t u r e . 

Plagioclase 
The composition of the plagioclase i s between A n ^ 

and Ang^ i n b i o t i t e gneiss, but i n hornblende gneiss 
compositions of A n ^ have been recorded. Several 
i n i t i a l determinations of plagioclase were done using 
the universal stage and the curves of'Slemmons (1962) 
and a l l the grains examined were found to have low 
temperature optics. Thereafter low temperature optics 
were assumed and a l l plagioclase determinations were 
made by measurement of the e x t i n c t i o n angle i n sections 
cut perpendicular to 'a'. 

Plagioclase often has the appearance of being 
porphyroblastic even though i t does not form grains 
s i g n i f i c a n t l y larger than the other minerals, usually 
1-2 mm. The crystals are rounded and equidimensional, 
unlike the quartz grains which have very i r r e g u l a r 
shapes. Several generations of plagioclase can sometimes 
be distinguished, but there are no systematic compositional 
differences and no evidence to suggest that they were 
formed during d i f f e r e n t plutonic events. The:apparent 
d i f f e r e n t generations are probably the r e s u l t of 
continuous formation over a period of time. 
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The plagioclase has been altered i n many rocks. 
Saussurite i s the usual a l t e r a t i o n product, "but i n a 
few rocks s e r i c i t e i s the a l t e r a t i o n product. The 
i n t e n s i t y of a l t e r a t i o n i s variable and has no r e g u l a r i t y . 
I t i s probably r e l a t e d to the proximity of mylonite and 
f a u l t zones,- but t h i s cannot always be demonstrated. 

A l b i t e twinning i s present i n a l l the plagioclases 
of a l l gneisses, but i n some i t i s not obvious and where 
a l t e r a t i o n has been strong the twinning may be obscured. 
Carlsbad twinning never occurs. 

A l k a l i Feldspar 
P e r t h i t i c microcline i s present i n many of the 

gneisses, but i t s presence i s apparently haphazard and 
the d i s t r i b u t i o n of microcline throughout the rock mass 
as a whole cannot be r e l a t e d to any c o n t r o l l i n g f a c t o r 
on grounds of s p a t i a l d i s t r i b u t i o n . Table I gives the 
modes of several gneisses and i t can be seen that the 
proportion of microcline ranges from 0-30%. 

The microcline crystals range i n size from very 
small i r r e g u l a r i n t e r s t i t a l patches to large 
porphyroblasts several centimetres i n diameter ( f i g . 6 ) . 
Rounded r e l i c s of plagioclase are often enclosed i n 
large microclines, but they are never i n o p t i c a l 
c o n t i n u i t y w i t h each other or the microcline host. A l l 



26 

Specimen Plagioclase Quartz Microcline B i o t i t e Amphibole 

71041 3^.5 37.7 22.0 6.0 
71050 50.6 33.4 8.5 7.5 
71061 64.6 27.6 7.7 
71069 48.6 34.8 16.6 
71079 35.1 34.1 27.4 1.8 
71081 50.4 28.4 9.9 11.3 
71101 46.3 33-6 6.3 13.8 

S i 0 2 -A-l /~\0 -7 

2 3 
FeO CaO MgO Na20 K 20 

71041 74.2 13.1 1.8 3-6 2.9 
71050 72.7 15.2 1.4 2.6 0.6 4.7 1.8 
71061 70.2 17.0 3.3 • 5.7 0.9 
71069 74.1 .12.0 4.2 2.7 4.5 0.1 
71079 74.0 14.0 1.9 3-8 3-5 
71081 69-9 16.2 2.1 2.6 0.9 4.7 2.4 
71011 71.4 15.6 3-6 2.4 1.4 6.8 2.,4 

Table I 
Modes and calculated oxide analyses of gneisses 

Mineral compositions obtained from Deer, Howie and Zussman, 
1962. 

Analysis 12, p. 113, vol.4 
Analysis 7, P« 38, vol.4 

Plagioclase 
Microcline: 
B i o l i t e : 
Amphibole: 

Analysis 11, p. 64, vol.3 
Analysis 10, p. 252, vol.2 



Fig. 7 Large microcline porphyroblast developed across 
the f o l i a t i o n i n "biotite gneiss. 
U. B i o t i t e Gneiss, g r i d square E6, Map, I . 
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these features show that the microcline developed l a t e r 
than the plagioclase and gradually enclosed plagioclase 
grains. The microcline did not develop Toy replacement 
o£ pr e - e x i s t i n g plagioclase. I n hand specimen the 
l a t e development i s shown hy the way large porphyroblasts 
cut the f o l i a t i o n ( f i g . 7 ) . The f o l i a t i o n i s s l i g h t l y 
deformed round the porphyroblast "but t h i s i s probably 
the r e s u l t of a very minor shearing a f t e r the formation 
of the porphyroblast. I f there had been a major stress 
imposed a f t e r the formation of the porphyroblast i t i s 
probable that a pressure shadow would have been formed 
i n which quartz would have c r y s t a l l i s e d . 

Quartz 
Qixartz forms 30-4-0% of most of the f e l s i c gneisses 

and i s very variable i n grain size. Where rock has been 
mylonitised quartz has r e c r y s t a l l i s e d i n t o a mass of 
small granules each less than 1 mm. across. I n d i v i d u a l 
granules are not strained. Most commonly, however, 
quartz occurs i n large, very i r r e g u l a r lobate patches 
that are h i g h l y strained. Plagioclase c r y s t a l s are 
usually embayed by the quartz and occasionally t r a i n s of 
small r e c r y s t a l l i s e d quartz grains cut across plagioclases. 

Smoothly rounded grains of 'drop' quartz are enclosed 
i n some of the feldspars - usually i n the microcline 
porphyroblasts. These quartz grains are up to 0.5 mm i n 
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diameter. I t i s impossible to say f o r c e r t a i n whether 
these quartz grains c r y s t a l l i s e d before, during or a f t e r 
the c r y s t a l l i s a t i o n of the microcline, but i n view of the 
ease wi t h which quartz becomes strained or r e c r y s t a l l i s e d 
i t i s more l i k e l y that the drop quartz c r y s t a l l i s e d 
contemporaneously w i t h , or s h o r t l y a f t e r the microcline. 
I f i t had been enclosed during the growth of the 
porphyroblast then strained quartz should also have 
been enclosed; t h i s i s not observed.. I f the drop 
quartz had c r y s t a l l i s e d long a f t e r the formation of the 
microcline, and a f t e r a l l deformation had ceased, then 
i t should also be found outside the porphyroblasts; 
but i t i s not. Therefore, i t i s probable that i t was 
formed during or a f t e r the formation of the microcline 
porphyro-blasts, but before the f i n a l deformation 
occurred. 

B i o t i t e 
B i o t i t e i s the most common mafic mineral but i t 

r a r e l y exceeds 10% of the rock outside the mafic-rich 
bands. I t i s present i n small shreds and has l a r g e l y 
been c h l o r i t i s e d . The shreds run i n t r a i n s between the 
feldspars and quartz grains and have been curved round 
the r e s i s t a n t feldspars by subsequent deformation. The 
shreds of b i o t i t e are aligned generally p a r a l l e l to one 
another, but they are so small and few that they do not 
impart a f o l i a t i o n to the rock. 



Amphibole 

Amphibole-bearing gneisses usually contain 
hornblende, but occasionally the amphibole i s 
a c t i n o l i t e . I n amphibole-bearing gneiss of the 
b i o t i t e gneiss successions the amphibole i s usually 
very poorly preserved. The hornblende or a c t i n o l i t e 
i s often p a r t l y replaced by b i o t i t e and has hê d the 
c r y s t a l outlines l a r g e l y destroyed. I n some of 
these rocks the proportion of mafic mineral i s very 
l i t t l e greater than i t i s i n the normal b i o t i t e 
gneiss. 

I n the hornblende gneiss succession, however, 
the amphibole i s quite d i f f e r e n t . A w e l l preserved 
dark green hornblende i s usually present and the 
proportion of mafic minerals may be as much as 
30-40%. B i o t i t e i s also present i n some of these 
rocks and i t cuts the hornblende where the two are 
i n contact. There i s nothing to suggest, however, 
that the b i o t i t e was formed during a much l a t e r 
period than the hornblende. They are probably 
contemporaneous and the b i o t i t e cuts the hornblende 
because i t has stronger growth c a p a b i l i t i e s i n 
ce r t a i n d i r e c t i o n s than does the hornblende. 
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Accessories 
Epidote i s frequently present, e i t h e r as very 

small grains formed from a l t e r a t i o n of the plagioclase 
or disseminated throughout the rock as a whole. The 
l a t t e r type occurs as i n d i v i d u a l grains or as 
glomeroblasts composed of r a d i a t i n g growths. Vein 
epidote i s abundant and i n some of the larger veins 
c r y s t a l s up to 1 cm. long.have formed. 

Apatite and zircon occur i n most of the gneisses, 
and c a l c i t e i s occasionally present. The zircons are 
t y p i c a l of those found i n sedimentary rocks 
(Poldevaart, 1955)• They have rounded and sometimes 
broken ends and. are dark brown i n colour w i t h scratched 
surfaces. Since zircon c r y s t a l s are generally considered 
to be r e s i s t a n t to the e f f e c t s of metamorphism t h e i r 
appearance a f t e r metamorphism can be used as an 
i n d i c a t o r of the o r i g i n of the o r i g i n a l rock. Poldevaart 
found that i n arenaceous sediments the zircons are 
comparatively large - 0.15- 0.25mm. - and i n the f i n e r 
grained sediments correspondingly smaller. Measurement 
of 200 zircons from four of the Neria gneisses gave 
average lengths of less than 0.1 mm. (See Table I I ) . 
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Specimen 1 "b 1/b 

71050 80.1 35-9 2.23 
71056 (g) 76.9 39.4 1.95 
71061 98.9 52.2 1.89 
71086 95.1 42.7 2.23 
71092 90.0 51.3 1.75 
71097 ( s ) 88.7 37.0 2.40 

71109 104.5 61.2 1.71 

Table I I 
Mean lengths and breadths ( i n microns) of 

zircons from gneisses and discordant 
'granites (g) . 200 separated zircons 

measured from, each specimen 
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This i s w i t h i n the range given by Poldevaart f o r 
zircons from s i l t s t o n e s (0.05-0.15nmu). However, 
i t i s by no means ce r t a i n that zircons do pass unscathed 
through a i l metamorphism. A study by Kalsbeek and 
Zwart (1967) has indicated that metamorphosed and 
migmatised gneisses from the Pyrenees contain smaller 
zircons than anatectic granites and unmigmatised 
gneisses from the same area. Therefore considerable 
caution i s necessary when using zircons as ind i c a t o r s 
of the o r i g i n of metamorphic rocks. However, i t i s 
most l i k e l y that the small brown zircons of the 
Neria gneisses went through a sedimentary phase 
before being metamorphosed, but i t i s not possible 
to go a step f u r t h e r and say from which sediments they 
o r i g i n a t e . 
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CHAPTER THREE 
AMPHIBOLITES 

The rocks included i n t h i s chapter are rocks of 
"basic composition which have "been metamorphosed and are 
generally concordant to the acid gneisses. The most 
common mineral assemblage i s th a t of simple amphibolite, 
v i z . hornblende and plagioclase, w i t h accessory quartz. 
Relic clinopyroxene occurs i n the amphibolites of the 
Inland Area, but i n the amphibolites of the Coastal 
Area clinopyroxene i s i n equilibrium and forms an important 
part of the rocks. Garnet also i s abundant i n the coastal 
amphibolites but i s never present i n the inland ones. 

I n the f i e l d two main groups of amphibolites were 
recognised - those with garnets and those without. The 
ungarnetiferous amphibolites were f u r t h e r subdivided on 
the basis of t h e i r appearance i n t o f i n e grained laminated 
amphibolites and medium to coarse grained massive 
amphibolites. The garnetiferous amphibolites are always 
of the massive coarse-grained type and are confined to 
the Coastal Area and usually have associated u l t r a - b a s i c s . 
The ungarnetiferous amphibolites occur i n the Inland Area 
and only those near the Boundary Layer Amphibolite' have 
associated u l t r a b a s i c s . The laminated amphibolites never 
occur w i t h u l t r a b a s i c s , but do have a mica schist horizon 
along one side of them. 
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Laminated Amphibolites 

The f i n e grained laminated amphibolites are d u l l "black 
i n colour and contain small scale a l t e r n a t i n g "bands of 
mafic minerals and f e l s i c minerals as do the gneisses, "but 
i n these amphiloolites the "bands are never more than 
1-2 cms. i n thickness and are usually only one mineral 
grain t h i c k ( F i g . 8 ) . 

Crystals or aggregates of c r y s t a l s of d u l l pale 
green pyroxene can often "be seen easi l y i n hand specimen 
i n t h i s type of amphibolite. The pyroxene i s often 
concentrated i n t o lenses or nodules i n the rock, "but i n 
t h i n section i n d i v i d u a l grains may occur scattered 
i r r e g u l a r l y throughout the rock. The concentrations of 
pyroxene c r y s t a l s are frequently associated w i t h hands of 
white feldspar ( f i g . 9 shows a pyroxene-feldspar segregation 
that has "been fold e d ) . The mode of occurrence i n hand 
specimen suggests that the pyroxene i s r e l i c and micro­
scopic examination shows that t h i s i s i n f a c t so (see 
"below) . 

The laminated amphibolite and the adjacent "brown schist 
horizon act as an excellent marker horizon and define the 
major structure of the Inland Area as a plunging antiform 
with the closure i n the south-west corner of the area and 
two p a r a l l e l limbs s t r i k i n g N.E. - S.W. (Map I ) . Along 
the western limbs of the f o l d the amphibolite outcrop 



F i g . 8 Laminated amphibolite showing the t y p i c a l 
small scale mineralogical handing. The wider 
f e l s i c hands are composed of r e l i c pyroxene 
and pla g i o c l a s e . Specimen i s 10 cm. across. 



F i g . 9 Folded r e l i c pyroxene-plagioclase i n c l u s i o n i n Laminated Amphibolite. Grid Sauare E6 
Map I . 

F i g , 10 Xenolith of laminated amphibolite enclosed 
i n pegmatitic material. Grid square D6 
Map I . 
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i s 110 - 120 m. wide. But approximately 100 m. of 
that i s taken up "by pegmatite and only some 20-30 m. 
of amphibolite immediately adjacent to the "brown schist 
i s free from large masses of pegmatite. The pegmatite 
i s almost one continuous "body w i t h i s o l a t e d xenoliths of 
amphibolite enclosed i n i t ( f i g . 1 0 ) . The s t r i k e and 
thickness of the amphibolite i s constant along the limbs, 
"but i t thickens i n the hinge zone to about 3-^00 metres 
and here a smaller proportion i s pegmatite ( f i g . 1 1 ) . As 
the amphibolite horizon comes out of the hinge region 
along the eastern limb the proportion of pegmatite again 
increases ( f i g . 1 2 ) u n t i l i t takes up an important part of 
the amphibolite. 

Where the eastern limb approaches the major East-West 
f a i i l t a change occurs i n the amphibolite. The: proportion 
of pegmatite decreases although there are s t i l l many large 
pegmatite masses present, and the amphibolite i t s e l f a l t e r s 
u n t i l to the north of the f a u l t i t i s almost unrecognisable 
as an amphibolite. The colour changes from black to l i g h t 
grey as the hornblende i s replaced by a colourless mineral, 
and only small r e l i c s of the normal amphibolite are found. 
These take the form, of small i n d i s t i n c t patches, w i t h 
dimensions measurable i n centimetres, of black hornblende-
bearing rock set i n the grey rock. With the change i n 
colour the laminations disappear and the rock becomes 
homogeneous. 
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F i g , 11 Pegmatite "bodies i n laminated amphibolite i n 
hinge of major antiform. Note highly cleaved 
nature of the amphibolite. Grid square C5, 
Map I . 

F i g . 12 General yiew of Laminated Amphibolite horizon along 
eastern limb of major antiform showing the 
considerable amount of pegmatitic material i n the 
Amphibolite. 



I n the Neria Granite i n the southern part Of the 
area there are r a f t s of amphibolite, some of which 
have "been appreciably altered during the formation of 
the g r a n i t e . Most of the r a f t s "belong to a horizon of 
unlaminated arophibolite, "but others "belong to what was 
probably a laminated horizon that has "been g r a n i t i s e d 
( f i g . 1 3 ) . The darkest rock i n f i g . 13 i s unaltered 
amphibolite, the grey rock a hornblende-hearing: rock that 
i s p a r t l y g r a n i t i s e d amphibolite, and the palest rock i s 
granite. This amphibolite i s thought to "belong to the 
Laminated Amphibolites, on account of i t s proximity 
to the "brown schist horizon. However, t h i s c o r r e l a t i o n 
cannot "be made w i t h c e r t a i n t y because the amphibolite 
i n the granite i s not continuous along the brown sc h i s t . 

I n g r i d squares G3, H3 and 4 (Map I ) a laminated 
amphibolite horizon occurs that does not have brown 
schists along one margin. The rock has the t y p i c a l 
appearance of the laminated amphibolite and probably 
originated i n the same way. The rock to the east of the 
amphibolite i s a very homogeneous g r a n i t i s e d rock, cut by 
r e g u l a r l y shaped small pegmatites« I t has the appearance 
of having been formed by g r a n i t i s a t i o n , i n which case the 
o r i g i n a l rock may have been brown sc h i s t . I n the Neria 
Granite laminated amphibolite has been g r a n i t i s e d more 
completely than brown schist, but from work to the north 
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1 —X'-

F i g , 13 Amphibolite (Laminated Amphibolite?) i n 
Neria Granite showing various stages of 
g r a n i t i s a t i O n . Grid square E1, Map I 
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i t i s known that i n some instances "brown schist i s 
gr a n i t i s e d more easily than amphibolite (personal 
communication "by H. Masson). The amphibolite i s folded 
about a f l a t - l y i n g a x i a l plane and a south-east plunging 
axis and gapes to the south. 

Massive Unlaminated Amphibolites 

The unlaminated amphibolites are more variable i n grain 
size than the laminated amphibolites: some are fine-grained 
w i t h c r y s t a l s only a few millim e t r e s i n size, while others 
may have cry s t a l s 1-2 cms. across. Garnet shows the greatest 
range i n size - i t usually has s i m i l a r grain size to the 
rest of the minerals but occasionally porphyroblasts several 
centimetres i n diameter may occur. There i s also a greater 
range i n composition: from normal amphibolite composed of 
plagioclase and hornblende to hornblendite, but 1 the 
hornblendites usually contain some pyroxene i n addition to 
hornblende. 

The absence of lamination makes these amphibolites 
immediately distinguishable from the laminated v a r i e t y . 
Instead of being segregated i n t o d i s t i n c t layers the mafic 
and f e l s i c minerals are usually uniformly d i s t r i b u t e d 
throughout the rock. I n some garnetiferous bands on the 
coast, however, a banding produced by concentration of 
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the f e l s i c s may he apparent, but t h i s i s on a larger 
scale than that seen i n the true laminated amphibolite. 
The i n d i v i d u a l bands are t h i c k e r than one mineral grain 
and the mafic bands are composed of hornblende and 
plagioclase, rather than being monomineralic. 

Coast Area 
Most, i f not a l l , of the amphibolite horizons on the 

coast are garnet-bearing, but the garnets are not uniformly 
d i s t r i b u t e d through any one band. A hand specimen may be 
homogeneous, but t h i s i s unusual and i t i s most common to 
f i n d t h a t the garnets are i r r e g u l a r l y d i s t r i b u t e d , even 
throughout a hand specimen. I t sometimes appears that 
the garnets are concentrated i n the f e l s i c bands i n the 
amphibolites. This i s the r e s u l t of t h e i r being more 
obvious i n a groundmass of almost pure feldspar, but i t 
i s c e r t a i n t h a t they have grown to large size i n the f e l s i c 
bands. A l t e r n a t i n g bands of garnet-free and garnet-
bearing amphibolite, p a r a l l e l to, the s t r i k e , occur w i t h i n 
i n d i v i d u a l amphibolite horizons but they are not sharply 
defined and are not continuous f o r any distance along the 
s t r i k e . 

These amphibolite horizons are generally thinner and 
much more variable i n thickness than the laminated 
amphibolite. They are strongly boudinaged and migmatised 
by g r a n i t i c material, both on the large and small scales. 



44 

There has been some r o t a t i o n of the blocks of amphibolite 
by the i n t r u s i o n of the neosome at some l o c a l i t i e s , but 
at others the amphibolitic palaeosome has not been 
disoriented during the migmatisation. This can. be 
demonstrated by measuring the f o l i a t i o n planes i n the 
amphibolite and p l o t t i n g them on a stereogram. Where 
there has been no d i s o r i e n t a t i o n the poles to the 
f o l i a t i o n planes w i l l s t i l l form a regular pattern, ei t h e r 
a concentration around one point or, i f there has been 
l o c a l f o l d i n g , a great c i r c l e g iving the l o c a l f o l d axis. 
Where there has been a large i n f l u x of neosome, as i n the 
laminated amphibolite horizon, r o t a t i o n appears to have 
occurred, but because the amphibolite blocks are so 
widely scattered i t i s d i f f i c u l t to prove i t . Where, 
however, the amount of introduced material i s much less 
than the palaesome then r o t a t i o n does not appear to have 
occurred. (Kalsbeek, 1967). 

The amphibolite horizons on the coast are less 
strongly migmatised and boudinaged than those inland. 
The horizon separating the area of dark amphibolite 
gneiss from t h a t of normal hornblende gneiss, f o r 
example, i s p a r t i c u l a r l y well-preserved. I t can be 
followed west from the coast of Sermilik Fgord around 
the closure and becomes i n d e f i n i t e only as i t approaches 
the f j o r d again (Map I I ) . For most of i t s length i t 
maintains a uniform thickness and i s not boudinaged or 
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migmatised. This horizon i s composed of hornblendite 
with, a strong s c h i s t o s i t y . Other coastal amphibolites 
are boudinaged on a large scale. They have been necked 
and separated i n t o i n d i v i d u a l "boudins which may be up 
to 2 km. i n length and 200 m. wide. The i n d i v i d u a l 
boudins often show pinch and swell structure s i m i l a r to 
that seen i n boudinaged pegmatites (Map I I ) . 

A small peninsula i n the southern part of the Coast 
Area (4D, Map I I ) i s composed predominantly of a strongly 
schistose amphibolite that i n i t s r e g u l a r i t y of handing 
i s s i m i l a r to the laminated amphibolite ( f i g . 1 4 ) . However, 
t h i s amphibolite also i s garnetiferous. Within the 
amphibolite and concordant w i t h i t i s a band of acid 
gneiss approximately 10 m. t h i c k . The lower (western) 
contact between amphibolite and gneiss i s sheared and the 
upper gradational. The shearing suggests the presence 
of a s t r i k e f a u l t causing a r e p e t i t i o n of s t r a t a and the 
gradational contact indicates t h a t the o r i g i n a l basic 
rock was deposited as a supracrustal. This would give 
r i s e to the very regular banding, as i n the case of the 
laminated amphibolite. 



F i g . 14 F i n e l y banded amphibolite. The folded 
discordant veins v i s i b l e above the hammer 
appear concordant when viewed i n a horizontal 
plane. Grid square 3D, Map I I . 
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Inland Area 
The unlaminated amphibolites of the Inland Area have 

small outcrops compared with those of the coast or the 
laminated amphibolite. Only i n the north-western part 
of the area i s a large expanse of t h i s type of rock 
encountered, and that i s present only "by a freak, of the 
f o l d i n g . The horizon i s only a few metres t h i c k where i t 
f i r s t appears on the western margin of the area, hut i t 
soon enters a region of i n t r i c a t e f o l d i n g and i s then 
spread out to several hundred metres thickness. Within 
t h i s region u l t r a h a s i c lenses and large pegmatites are 
concentrated. The ul t r a h a s i c lenses occur both inside 
and around the margin of amphibolite and since i t i s 
usual f o r the ultrabasics to be concentrated along one 
margin of an amphibolite horizon they were probably 
brought inside i t by being enclosed during the f o l d i n g . 
North-east of t h i s region the amphibolite once more 
becomes i n s i g n i f i c a n t i n thickness and very s h o r t l y 
disappears under large boulder f i e l d s and moraine. 

Close below t h i s large amphibolite, to the south­
east geographically, are other amphibolites which show 
some i n t e r e s t i n g features. These are uniformly dipping 
sheets and a l l have associated u l t r a - b a s i c lenses and 
may, i n f a c t , belong to the same i s o c l i n a l l y folded 
horizon, but they cannot be seen, to j o i n . Followed 
along the s t r i k e to the north-east, the amphibolite 
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"becomes boudinaged and the amount of f e l s i c material 
increases. Fig. 15 shows a t y p i c a l "boudin cut and 
surrounded by younger f e l s i c m a t e r i a l . The small veins 
inside the boudin are both pink and white and they do not 
occur outside the boudin and therefore were formed e a r l i e r 
than the event which caused the amphibolite to become 
boudinaged. Further north-east s t i l l , the amphibolite 
becomes g r a n i t i s e d and changes i t s colour from dark-green 
to grey ( f i g . 1 6 ) . Relics of dark-green amphibolite are 
numerous and often define small folds i n the rock ( f i g . 1 6 ) . 
The contacts between the grey amphibolite and normal 
amphibolite remains are usually not gradational but 
extremely sharp ( f i g . 1 7 ) . The paler rock has a. much 
higher proportion of f e l s i c minerals than the normal 
amphibolite and the mafics include b i o t i t e i n addition to 
hornblende. These changes a l l take place over a distance 
of 200m. The amphibolite cannot be traced f u r t h e r north­
east because of poor exposure but i t may connect w i t h 
an amphibolite seen some distance away to the north-east. 
I f t h i s i s the case then i t shows that the g r a n i t i s a t i o n 
i s of r e s t r i c t e d extent because the anphibolite to the 
north-east shows no g r a n i t i t s a t i o n features. 

The folded amphibolite i n g r i d square B6 (Map I ) 
may be the continuation of the g r a n i t i s e d one j u s t 
described, but there are differences between the two. 



Boudin of massive amphibolite containing 
veins formed p r i o r to the formation of 
the boudin. Grid Square C7, Map I 



F i g . 16 Gra n i t i s e d amphibolite. Palimpsest structures 
are preserved "by l e s s g r a n i t i s e d more mafic 
bands. Same amphibolite horizon as seen i n 
f i g - 15 
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l i e . 17 Ungranitised (dark) and p a r t l y g r a n i t i s e d (pale grey) amphibolite. Grid Square Dy 
Map I 

Fig. 18 Coarse grained green amphibolite boudins inhost 
of f i n e grained blue amphibolite. Grid square 
B6, Map I . 
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The folded amphibolite contains a high proportion of 
"bright green amphibolite. The b r i g h t green colour i s 
produced by larger grain size and smaller proportion of 
f e l s i c s than, the more usual blue amphibolite. At one 
l o c a l i t y coarse-grained green amphibolite occurs i n 
f i n e r grained, more f e l d s p a r - r i c h blue g:mphibolite. 
Similar features have also been seen on the coast. The 
blue and green amphibolites have d i f f e r e n t rheological 
properties, as can be seen i n fig.18 where two boudins 
of coarse-grained green amphibolite occur i n a host of 
blue fine-grained amphibolite. Quartz has r e c r y s t a l l i s e d 
i n the sheltered space between the boudins. The two 
types of amphibolite are probably the r e s u l t of very 
minor difference i n composition of the o r i g i n a l rock. 

A l l other amphibolites i n the Inland Area, i . e . 
those to the south-east of the ones described above, do 
not have u l t r a - b a s i c lenses associated w i t h them. Two 
p a r a l l e l amphibolites to the east of the laminated 
amphibolite and brown schist horizon (running through 
g r i d squares G4 and H4-) are frequently well-exposed 
and show good migmatite r e l a t i o n s h i p s . These two 
amphibolites are probably part of the same i s o c l i n a l l y 
folded horizon. Fig. 19 shows a general view of the 
horizon where i t outcrops on a h i l l s i d e (the width of the 
outcrop i s ca. 30 m. and i t dips almost v e r t i c a l l y ) . 
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2-3 kms. along the s t r i k e to the west there i s a higher 
proportion of g r a n i t i c material ( f i g . 2 0 ) . Between these 
two l o c a l i t i e s , however, invasion and d i s r u p t i o n of the 
amphibolite by g r a n i t i c material has been even stronger, 
and only i s o l a t e d xenoliths of amphibolite are seen 
enclosed i n f o l i a t e d granite. 

The rock comprising t h i s amphibolite i s a; "black 
amphibolite frequently containing b i o t i t e i n addition 
to hornblende, plagioclase and s a l i t e . The amphibolite 
xenoliths are usually f o l i a t e d and have a small scale 
handing of the f e l s i c and mafic minerals. There i s l i t t l e 
veining w i t h i n the xenoliths and no gradations:between 
granite and amphibolite have been seen. Small 
concentrations of d u l l green pyroxene and altered 
feldspar occur w i t h i n the amphibolite i n a s i m i l a r manner 
to those seen i n the laminated amphibolite (Fig.9)« 

I n the main granite body i n the south of the 
Inland Area there are xenoliths of amphibolite that are 
r e l i c s of a once continuous amphibolite horizon. The 
xenoliths occur along a l i n e s t r i k i n g approximately 
north-south, but are completely separated from each 
other by gr a n i t e . The amphibolite i s r e a l l y an u l t r a -
mafic rock composed predominantly of hornblende1 and b i o t i t e . 
Around the xenoliths there i s often a t h i n skin of b i o t i t e 
separating the amphibolite from the gr a n i t e . Any f o l i a t i o n 



Fig. 19 Migmatised concordant amphiloolite. 
Square G.4-, Map I . 

amphxbolite as i s shown i n f i g - 1 9 , tmt Fie. 20 Same — . 
much more strongly migmatised. 
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the xenoliths once had has been destroyed except 
where there i s b i o t i t e present and they appear t o have "been 
rotated since t h e i r long axes may be at any angle to the 
s t r i k e of the hand of xenoliths as a whole. P a r t l y 
g r a n i t i s e d or palimpsest xenoliths have not "been seen, 
only the extremes occur - very mafic amphiholite and 
gran i t e . 

Petrography of Laminated Amphiholites 
Dark green hornblende and plagioclase comprise most 

of the rock, i n some sections as much as 80-90%. Quartz 
i s usually present and also r e l i c s a l i t e . Apatite, 
sphene and an ore mineral are common accessories; zircon 
i s found very r a r e l y . Epidote occurs frequently but as a 
vein mineral or i n f i n e l y disseminated grains scattered 
throughout the rock. A l t e r a t i o n of the amphibolites i s 
r e s t r i c t e d i n extent and i s associated w i t h proximity of 
epidote veining so that any specimen, or even t h i n section, 
may contain completely fresh and strongly altered parts. 

I d e a l l y the texture i s eugranoblastic saccharoidal 
(Berthelsen 1960, p.24-) but where there has been consider­
able a l t e r a t i o n the c r y s t a l margins become di f f u s e and 
i r r e g u l a r . There are no remains of o r i g i n a l igneous 
tex t u r e . Lobate grains are not uncommon but amoeboid 
texture has not been observed i n these rocks. Occasionally 



Fig. 21 Photomicrograph of laminated amphiholite 
• showing w e l l developed granular texture 

uniform grain size. Specimen 71042, XJN, 
X 12. 
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feldspar porphyroblasts may occur "but these are not large 
and cannot be seen i n hand specimens. The hornblendes are 
generally aligned p a r a l l e l to each other w i t h i n the plane 
of the lamination and t h i s sometimes imparts a weak 
l i n e a t i o n or f o l i a t i o n to the rock, but t h i s i s extremely 
weak compared to the f o l i a t i o n produced i n the b i o t i t e -
bearing rocks. The grain size i s usually 0.5-1*0 mm.(Fig.21). 

Amphibole 
By f a r the most common amphibole i s a dark green 

pleochroic hornblende which usually comprises 50-75% of the 
rock. Table I I I contains the main o p t i c a l properties of the 
mafic minerals of the amphibolites and the chemistry of the 
hornblendes i s described i n Chapter Four. 

The hornblende usually has complete, uneroded c r y s t a l 
edges and cross-sections i n p a r t i c u l a r may show extremely 
well-developed hexagonal o u t l i n e s . Inclusions of quartz and 
apatite are contained i n the hornblendes but they are not 
common. The hornblende i s c l e a r l y i n equilibrium i n the 
laminated amphibolites. 

The other amphibole i s a colourless a c t i n o l i t e - t r e m o l i t e . 
This mineral occurs i n large i r r e g u l a r l y shaped porphyro-
blasts w i t h d i f f u s e and ragged c r y s t a l boundaries, and also 
as rims to older pyroxene r e l i c s . Where the hornblende and 
plagioclase are fresh and i n apparent perfect equilibrium 
a c t i n o l i t e i s usually not found. I t occurs only where the 
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Colour 2V C*Z ̂  
N 

Hornblende pleochroic scheme:-
Z deep o l i v e green 
X dark brown 
X pale "brown 
Z> Y >X 

85°± 13°± 

A c t i n o l i t e -
t r e m o l i t e colourless 70°-80°± 13° -

S a l i t e green 120°-125° 40° 1.702 

TABLE I I I Optical properties of main mafic minerals i n 
the laminated amphiholites 
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rock shows signs of a l t e r a t i o n . Around, the pyroxene i t 
forms wide d i f f u s e rims without any d e f i n i t e "boundaries. 
The a c t i n o l i t e i s c l e a r l y older than the pyroxene but i t s 
age r e l a t i v e to the hornblende i s not clear. I t could 
eit h e r be an older mineral phase out of equilibrium 
with i t s surroundings, as i s the pyroxene, or i t could 
be younger than the hornblende formed by retrograde 
metamorphism that had only j u s t commenced. 

Pyroxene 
The pyroxene i s a s a l i t e and from the available 

o p t i c a l data (Table I I I ) contains Ca, Fe, Mg i n the 
proportions 45%, 25%, 50%. I t occurs i n i s o l a t e d patches 
throughout the rock as rounded, i r r e g u l a r l y shaped grains 
that may be up to 3 mms. long. These grains are a l l out of 
equilibrium and contain i n c i p i e n t a l t e r a t i o n products which are 
mainly ore minerals and hornblende. I n a number of grains, 
small patches of green hornblende, scattered throughout the 
grain but i n o p t i c a l c o n t i n u i t y , can be seen to have 
formed. 

Feldspar 
Feldspar comprises generally 30-40% of the rock but may 

be less than 20%. I t i s always plagioclase, usually of 
composition around An^. Generally the plagioclase occurs 
as p e l l u c i d equidimensional grains w i t h s t r a i g h t sides and 
often i d e a l t r i p l e junctions (East, 1964). The grains are 
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usually smaller than the other minerals and are r a r e l y 
more than 1 mm. across. 

A l t e r a t i o n of the plagioclase to s e r i c i t e or 
saussurite (usually the l a t t e r ) occurs incompletely and 
i s usually confined to a small part of a specimen. 

The plagioclase twinning i s secondary (Vance, 1961), 
hut i t r a r e l y shows evidence of l a t e r deformation, such 
as "bending or kinking of the twin planes, such as i s very 
common i n the gneisses. 

Porphyroblasts of plagioclase occasionally occur, but 
these are not common and are usually strongly alt e r e d , 
even when the groundmass plagioclase i s p e r f e c t l y fresh, 
so that t h e i r composition cannot be determined. They 
often occur w i t h the pyroxene and appear to be r e l i c s 
from the same period i n which that mineral was formed. 

Quartz 
Quartz i s present i n nearly a l l sections of laminated 

amphibolite but r a r e l y exceeds 1% of the t o t a l rock. I t 
occurs as i r r e g u l a r i n t e r s t i t a l grains and usually has 
somewhat undulose e x t i n c t i o n . Compared to that found i n 
the gneisses, however, the amphibolite quartz i s 
comparatively l i t t l e strained and strongly lobate or 
sutured grains i n d i c a t i v e of m y l o n i t i s a t i o n are never 
found. 
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Accessories 
These include sphene, a p a t i t e , ore minerals, and, 

very r a r e l y , zircon. Apatite i s by f a r the most 
abundant and occurs usually as rounded grains which may 
be up to 1 mm. i n diameter. Ore minerals are present 
i n most amphibolites as small rounded grains but are 
never abundant, and are p a r t i c u l a r l y uncommon i n the 
laminated amphibolites. Magnetite i s the usual ore 
mineral but ilmenite also occurs. Sphene commonly 
rims ore grains. Zircon i s very r a r e l y encountered 
and when i t i s , i t i s i n the form of small rounded 
and scratched grains. These are t y p i c a l of a sedimentary 
environment as zircons from basic igneous rocks are 
almost non-existent and occur as very small i r r e g u l a r 
shards (Poldevaart, 1956). 

Epidote i s present i n most specimens of amphibolite 
ei t h e r as a l t e r a t i o n of plagioclase or as discrete grains 
scattered throughout the rock. I t may occur as small 
grains t h i c k l y d i s t r i b u t e d or as larger grains t h i n l y 
spread. The large grains r a r e l y , i f ever, show good 
c r y s t a l form, but instead are aggregates which sometimes 
are composed of fibrous epidote (Misch, 1965)• 
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Petrography of unlaminated ampnibolit.es 

Coast amphibolites 
The presence of garnet and, frequently, abundant 

fresh s a l i t e are the most obvious differences between 
the coast amphibolites and the inland ones, but there are 
also more subtle differences i n the mineralogy. 

Hornblende i s less o l i v e green than i n the inland 
amphibolites and i n many rocks the blue-green v a r i e t y 
predominates, although, olive-green hornblende i s never 
t o t a l l y absent. I t occurs i n corroded straggling grains 
and i s often intergrown w i t h broken up garnets. Mobilised 
quartz has intruded some hornblende cr y s t a l s along the 
cleavages and pushed the c r y s t a l apart, but without 
r o t a t i n g the pieces so that they remain i n o p t i c a l 
c o n t i n u i t y . Colourless a c t i n o l i t e occurs very r a r e l y and 
then only as small rims to hornblende crystals and not as 
discrete c r y s t a l s . Amphibole comprises 4-0-70% of the rock. 
Fig.22 shows the main t e x t u r a l features. 

S a l i t e i s not i n v a r i a b l y present i n the coast 
amphibolites but few lack i t t o t a l l y . I t occurs as very 
pale green rounded grains and usually contains no 
a l t e r a t i o n products. I n some grains, however, i n c i p i e n t 
a l t e r a t i o n to hornblende can be seen,' but t h i s has not 
developed to the scale i t has i n the inland amphibolites. 
On the coast s a l i t e appears to be i n equilibrium w i t h i t s 

http://ampnibolit.es


Fig. 22 S a l i t e ( l i g h t grey) intergrown w i t h hornblende 
(dark) i n a coast amphibolite. The f e l s i c 
mineral i s predominantly plagioclase. Specimen 
70930, pp L, x 10. 
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surroundings. Like hornblende i t i s not uncommonly 
found intergrown w i t h the remains of garnets and i n some 
rocks appears to have replaced the garnet, e.g. 70930. 

S a l i t e may form up to 25% of an. amphibolite. The E.I. 
of the clinopyroxene i s s l i g h t l y greater than that of the 
inland s a l i t e . I t i s therefore s l i g h t l y more i r o n r i c h . 

Garnet occurs i n cry s t a l s that have usually been 
broken around the edges, but have often retained a whole 
centre. There are r a r e l y inclusions, (drop quartz around 
the edges i s the most common) and there are never enough 
to warrant describing the garnets as s k e l e t a l . There i s 
no evidence of a l t e r a t i o n of garnet. I t i s eith e r present 
as a completely fresh mineral or absent. There are no 
intermediate stages i n which another mineral, can be 
seen to be developing from i t . The proportion of garnet 
i n these rocks i s usually not i n excess of 10%., but there 
may be 2 or 3 times that amount i n some garnet-rich bands. 

Plagioclase shows less v a r i a t i o n i n composition than 
i n the inland aiaphibolites. I t ranges from An^ 0 to A n ^ 
but most are more cal c i c than An^Q. Some amphibolites 
have zoned plagioclases, a feature that has not been seen 
i n any inland area rocks. One c r y s t a l i n 70938 varies 
i n composition from A n ^ i n the centre to A n ^ a " t the rim. 
The zoning i s r e s t r i c t e d to the extreme edge of the c r y s t a l 
and i s gradual. There i s l i t t l e a l t e r a t i o n of the 
plagioclase and no amphibolite contains completely 
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saussuritised plagioclase, as do some inland amphibolites. 
The amount of plagioclase present i s very uniform., 
usually 25-30% of the rock. 

Quartz occurs much as i t does i n the inland 
amphibolites; i n small i n t e r s t i t i a l grains, w i t h the 
occasional larger one, s l i g h t s t r a i n e x t i n c t i o n , and 
evidence of l a t e m o b i l i s a t i o n . I t forms 2 - 3 % of the 
rock. Drop quartz i s occasionally trapped i n hornblende 
c r y s t a l s . 

Sphene i s usually present and often rims magnetite 
grains. I t may form as much as 1% of the rock i n some 
specimens, e.g. 70807. I n t h i s rock sphene occurs as 
rounded grains, often i n clu s t e r s , w i t h d i s t i n c t 
pleochroism from pale pink-brown to pale green-brown. 

Inland unlaminated amphibolites 
I n t h i n section these usually appear e s s e n t i a l l y 

s i m i l a r to the laminated amphibolites, w i t h hornblende 
and plagioclase forming the bulk of the rock. The 
texture i s granoblastic, occasionally weakly nematoblastic. 
I n most specimens t h i s type of amphibolite i s coarser 
grained than the laminated araphibolite and usually has 
grains "1-2 mms. across. 

There i s , i n f a c t , much greater v a r i a t i o n i n the 
mineralogical composition of these amphibolites than 
there i s i n the laminated type. I n some of the unlaminated 
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amphi"oolites f e l s i c minerals are almost t o t a l l y absent 
and i n others "biotite may he abundant. Pyroxene i s 
nearly always be t t e r preserved and more abundant than i t 
i s i n the laminated amphibolites. This i s also true of 
t r e m o l i t e - a c t i n o l i t e . On account of t h i s v a r i e t y i t w i l l 
be more convenient to describe these amphibolites by 
rock types, rather than mineral by mineral. 

The simplest are composed of hornblende, plagioclase 
and quartz w i t h the usual accessories, and may d i f f e r 
l i t t l e from the laminated amphibolites when seen i n t h i n 
section. 7^009 from the western part of the area i s 
t y p i c a l of t h i s type of amphibolite. I t has a nemato-
b l a s t i c texture w i t h well-shaped hornblende grains and 
i n t e r s t i t i a l feldspar and quartz. The hornblende has 
s i m i l a r optics to those i n the laminated amphibolites 
but i s less o l i v e green i n colour. No colourless amphibole, 
pyroxene, or b i o t i t e occurs i n t h i s rock. 

The plagioclase i s around An,,,- i n composition' and has 
s l i g h t l y d i s t o r t e d twin lamellae from p o s t - c r y s t a l l i s a t i o n 
deformation. Quartz i s not abundant and occurs as small 
i r r e g u l a r i n t e r s t i t i a l grains. The quartz appears to have 
been mobile l a t e r than the other minerals as i t has very 
l i t t l e undulose e x t i n c t i o n and some has formed "U" shapes 
around other minerals. 

Sphene and epidote are the accessory minerals but 
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they are not at a l l abundant. Tiny (0.1mm.) rounded 
grains of zircon are present i n the rock but there are 
only a few grains i n the whole s l i d e . They are brown 
and scratched and appear to be from a sedimentary 
environment. 

Most of the other unlaminated amphibolites contain 
another mafic mineral i n addition to hornblende. The 
amphibolites i n the northern part of the Inland Area w i t h 
associated u l t r a b a s i c lenses almost i n v a r i a b l y contain 
s a l i t e . , The clinopyroxene i s older than the hornblende 
and usually contains a l t e r a t i o n products, but i s sometimes 
clear. The a l t e r a t i o n products are hornblende or- an 
opaque mineral, probably magnetite. 

The formation of hornblende s t a r t s along planes 
i n the s a l i t e c r y stals oblique to the cleavages and i s 
f i r s t seen as small p a r a l l e l s l i v e r s of high birefringence. 
At the e a r l i e s t stage they cannot be seen i n ordinary l i g h t . 
The s l i v e r s gradually increase i n size and coalesce i n t o 
patches of green hornblende that are a l l i n o p t i c a l 
c o n t i n u i t y . The complete replacement of s a l i t e by 
hornblende has not been seen and that stage may not have 
been reached. The other form of a l t e r a t i o n consists of 
the development of small grains of an ore mineral i n the 
clinopyroxene c r y s t a l s . There i s apparently no other 
change associated w i t h the formation of the ore mineral 
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and e i t h e r or both types of a l t e r a t i o n can occur i n the 
same c r y s t a l , ( f i g . 2 3 . ) 

Some of the inland amphibolites, e.g. 71^25, are 
almost completely devoid of f e l s i c minerals. There may 
be only a few small grains of quartz and plagioclase. 
I n such rocks the quartz grains are concentrated along 
the boundaries of the hornblendes, w i t h a few grains 
developed inside the hornblende c r y s t a l s . Most of the 
amphibolites, however, have the usual development of 
quartz and plagioclase which i s generally around An^g i n 

composition. 
Also i n these rocks are sphene, epidote, b i o t i t e , 

a p a t i t e , and occasionally c a l c i t e . I n some sphene i s 
r e l a t i v e l y abundant occurring i n c l o t s of rounded 
pleochroic brown grains of high r e l i e f which may each be 
up to 0.5mm. i n diameter. Apatite comprises 1-2% as i n 
most amphibolites, and epidote and b i o t i t e are sometimes 
present i n small amounts. I n one rock, 71125, c a l c i t e 
and quartz occur i n small veins. The veins act as 
centres f o r the a l t e r a t i o n of s a l i t e ; where they cross 
s a l i t e grains, the mineral i s strongly altered and 
offshoots of the c a l c i t e spread out i n t o i t . The 
c a l c i t e veins r a r e l y cut hornblende c r y s t a l s and may 
therefore be older than the hornblende, but a more 
probable reason f o r t h e i r absence i s that the hornblende 
was stable i n the conditions p r e v a i l i n g during the 



Fig. 23 Small patches of hornblende i n o p t i c a l 
c o n t i n u i t y w i t h each other replacing a 
large s a l i t e c r y s t a l . Inland unlaminated 
amphxbolite specimen 71118, ppL, x 16 
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formation of the c a l c i t e and therefore would not "break 
down to permit the growth of c a l c i t e . Or again, i t 
could he a physical control - the pyroxene, "being older 
and more cracked than the hornblende, would "be more 
ea s i l y veined. 

I n g r i d square C7(Map I ) one of these amphiholite 
horizons has been g r a n i t i s e d , as described above (P.48) 
I n t h i n section b i o t i t e can be seen to have replaced 
hornblende as the dominant mafic mineral. B i o t i t e occurs 
i n small flakes, r a r e l y more than 0.5 mm. long, that 
define a weak f o l i a t i o n . The laths are generally ragged 
and usually concave towards plagioclase. They have a 
s l i g h t l y mottled appearance between crossed polars and 
often have pleochroic haloes. Dark brown i s the usual 
colour i n the maximum absorption p o s i t i o n but some 
flakes have stri p e s p a r a l l e l to the cleavage a much paler 
golden brown i n colour. These stripes do not show up at 
a l l between crossed polars. 

The hornblende i s blue-green i n colour and occurs as 
small i r r e g u l a r l y shaped patches. I n a r e l i c piece of 
unaltered amphibolite the hornblende i s much b e t t e r 
preserved, but even here good c r y s t a l outlines are lacking 
and the grains are r a r e l y more than 1 mm., i n diameter. 

The plagioclase i s of s i m i l a r composition to that 
i n the unaltered amphibolites and i s around An^* Curved 
tw i n lamellae show the plagioclase has suffered s l i g h t 
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d i s t o r t i o n since c r y s t a l l i s a t i o n , lout i t i s generally 
very fresh w i t h only a small amount of i n c i p i e n t 
s a u s s u r i t i s a t i o n . 

Quartz occurs as i n most amphibolites and the usual 
accessories are present. 

The hornblende i n the migmatised amphibolite of 
g r i d squares G4- and H4, Map I , i s the usual dark green 
v a r i e t y and comprises 50% of the t o t a l rock volume. I t 
occurs i n w e l l preserved c r y s t a l s that usually have 
uncorroded sides and occasionally proper c r y s t a l form. 
Blue-green hornblende rims some of the dark green v a r i e t y 
and there are a very few blue-green hornblende c r y s t a l s , 
which are much less w e l l preserved than the dark green 
ones. A colourless amphibole, t r e m o l i t e - a c t i n o l i t e , i s 
also present but t h i s i s very rare. 

B i o t i t e occurs as i r r e g u l a r l y shaped patches and may 
form up to 20% of the rock. I n some slid e s , esp. 51054-, 
i t i s l a r g e l y a l t e r e d to a colourless mineral of moderate 
r e l i e f , prismatic form, and blue interference colours. 
This mineral has developed p a r a l l e l to the cleavage of the 
b i o t i t e and i s probably c h l o r i t e . Small magnetite grains 
are frequently abundant i n the b i o t i t e and also are found 
rimming i t . 

Plagioclase forms up to 20% of the rock and i s often 
s l i g h t l y s e r i c i t i s e d . The composition i s more calcic than, 
i s usual; i n one specimen i t i s An-,-. Quartz may also 
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occupy up to 20% of the rock, which i s much more than i s 
usually found i n amphibolites. I t occurs as large 
i r r e g u l a r l y shaped grains usually with undulose 
e x t i n c t i o n . "Drop" quartz i s found i n several of the 
hornblende grains. Small fingers of quartz intrude 
i n t o many of the hornblendes and i t i s clear that quartz 
has again been mobile at a l a t e stage. 

Apatite i s r e l a t i v e l y abundant i n t h i s amphibolite -
up t o 1% of the t o t a l volume - and occurs i n grains 
0.5 mms. across. The rock i s also unusually r i c h i n ore 
mineral. This i s magnetite and there i s as much as 4~5% 
i n the rock. Zircon grains are not uncommon, p a r t i c u l a r l y 
i n specimen 51034, fi g . 2 4 , whereas they are almost 
completely absent i n the other amphibolites. The zircons 
are scratched and broken and are t y p i c a l of those that 
have had a sedimentary period i n t h e i r h i s t o r y . The high 
proportion of zircon i n t h i s amphibolite may be re l a t e d 
to the high quartz content i f t h i s originated p a r t l y by 
the admixture of a sand f r a c t i o n from a sediment to the 
o r i g i n a l basic rock. 

Another unusual, amphibolite occurs a short distance 
south-east of the amphibolite described. This has a 
very l o c a l i s e d d i s t r i b u t i o n and has not been followed 
very f a r along the s t r i k e . I t i s a black massive 
amphibolite with the feldspars concentrated i n t o large 
porphyroblasts. These porphyroblasts develop over a 



Fig. 24 Large, worn zircon c r y s t a l i n migmatised 
" b i o t i t e - r i c h amphibolite. Specimen 
51034, PPL, x 64. 
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distance of a few metres and when f i r s t seen are numerous 
and d i f f u s e , hut r a p i d l y become larger, b e t t e r defined 
and fewer i n number. 

I n t h i n section the rock i s quite unlike any other 
amphibolite. There are apparently three generations of 
amphibole:- two of nearly colourless t r e m o l i t e - a c t i n o l i t e 
and a dark green hornblende. The r e l a t i o n s h i p s between 
these are complex. The hornblende i s intermediate i n 
age and c r y s t a l s of i t occur embedded i n very i r r e g u l a r 
porphyroblasts of the older a c t i n o l i t e . I t i s w e l l 
preserved but i t does not occur d i r e c t l y i n contact w i t h 
the older a c t i n o l i t e - there i s always a rim of younger 
colourless amphibole. 

The o r i g i n a l outlines of the older a c t i n o l i t e are 
no longer v i s i b l e and the mineral occurs as large o p t i c a l l y 
continuous patches between younger minerals. I t has 
extremely weak green pleochroism and numerous small 
a l t e r a t i o n products. The younger a c t i n o l i t e has formed 
by a l t e r a t i o n of the hornblende and also by r e c r y s t a l l i s a -
t i o n of the older. I t forms a continuous rim around the 
hornblendes, but where i t extends i n t o the older a c t i n o l i t e 
i t develops a spiky h a b i t . The d i r e c t i o n i n which i t grows 
i s r e l a t e d to the o r i e n t a t i o n of the nucleus hornblende 
and not to the o r i e n t a t i o n of the older a c t i n o l i t e . 
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Clinopyroxene occurs as large rounded cr y s t a l s w i t h 
a l t e r a t i o n products inside them. I t appears to he 
"between the older a c t i n o l i t e and the hornblende i n age, 
(fig.25) 

Epidote i s abundant i n the rock. I t occurs as 
clusters of small grains w i t h a granular appearance and 
not as an. a l t e r a t i o n product of the other minerals. 
Vermicular intergrowths of epidote i n epidote occur i n many 
clu s t e r s . Spherie and magnetite occur i n clusters w i t h 
sphene usually rimming a magnetite core. 

Plagioclase i s mainly concentrated i n t o large 
porphyroblasts, but not a l l the plagioclase material was 
incorporated and. smaller grains of plagioclase are 
clustered around the porphyroblasts. The large porphyro­
blasts are often e n t i r e l y altered to epidote and t h e i r 
composition cannot be determined, but the composition of 
the smaller grains i s An^. No quartz has been seen i n 
t h i s rock. 

Amphibolite inclusions i n the, Neria granite 
I n t h i n section comparatively l i t t l e a lteration-

has occurred of those amphibolites caught up i n the large 
granite body i n the southern papt of the Inland Area. The 
amphibolite next to the brown schist horizon i n g r i d square 
E1 i s probably the remains of one of the laminated 
amphibolites on the grounds of both p o s i t i o n and appearance. 



Fig. 25 Spiky younger a c t i n o l i t e growing out from 
a hornblende c r y s t a l i n t o matrix of older 
a c t i n o l i t e . The block area i s a s a l i t e 
area older than the adjacent hornblende. 
Specimen 51022, x N, x 10. 
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I n t h i n section i t i s very s i m i l a r to laminated 
amphibolites found outside the granite except that i t i s 
s l i g h t l y f i n e r graiined. The hornblende occurs i n s l i g h t l y 
ragged cr y s t a l s hut i s s t i l l olive-green i n colour. 

Plagioclase occurs generally as small c r y s t a l s less 
than 1 mm. across, hut there are a few small porphyro­
blasts up to 1.5 mm. across which enclose quartz and small 
hornblende grains. The composition i s i n the range 
An^Q_^. Throughout the plagioclase epidote has developed, 
as discrete prismatic crystals up to 0.2 mm. long and 
not as a sa u s s u r i t i s a t i o n product. Small o l i v e green 
flakes of b i o t i t e have started to develop i n the 
amphibolite and t h i s i s probably the r e s u l t of the e f f e c t 
of the formation of the granite on the amphibolite. 

The other amphibolite that occurs as xenoliths i n 
the granite i s almost u l t r a b a s i c i n composition. Some 
of the xenoliths are composed sole l y of hornblende and 
b i o t i t e , while i n others there i s a small amount of 
plagioclase that has been completely s e r i c i t i s e d . The 
hornblende i n these rocks i s very much paler i n colour 
than, that i n ordinary amphibolites. The pleochroic 
scheme i s , X green., Z pale, green, X n e u t r a l , T>Z>S.. 
There i s a f a i n t t i n t of blue i n the green of t h i s 
hornblende and t h i s indicates that the hornblende i s 
approaching pargasite i n composition. Hornblende forms 



78 

60-70% of the rock. Many of the hornblendes i n t h i s 
rock have very f i n e f a i n t l i n e s , w i t h the appearance of 
lamellae, p a r a l l e l to what should be a cleavage d i r e c t i o n . 
I n some cross-sections i t i s possible to see one normal 
coarse cleavage and the unusual f i n e one i n the same 
c r y s t a l . 

B i o t i t e occurs i n segregated bands and w i t h a 
weak f o l i a t i o n . I t cuts across the hornblendes and i s 
probably younger than i t . The pleochroism i s dark to 
pale brown. There are opaque inclusions along the 
cleavage planes of many grains and small weak pleochroic 
haloes. The plagioclase, where i t occurs, i s so 
completely al t e r e d to colourless mica that only the 
shapes of the micaceous areas indicate that plagioclase 
was o r i g i n a l l y present. 
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CHAPTER FOUR 

CHEMISTRY OF THE AMPHIBOLITES 

F i f t y - f i v e amphibolites were analysed "by X-ray 
fluorescence f o r nine major elements, v i z . S i , A l , Fe, 
1%, Ca, Na, T i , Mn (Total i r o n was calculated as Fe20^). 
Specimens were collected f o r analysis from "both areas 
and from a l l types of amp h i "bo l i t es. Figs. 26 & 27 show 
the l o c a l i t i e s of the analysed amphibolites. 

The hand specimens f o r analysis were prepared i n the 
usual way. They were f i r s t s p l i t to a suitable size by 
hydraulic s p l i t t e r and the selected sample broken down 
i n a jaw crusher. The sample thus obtained was halved 
and one h a l f crushed i n a disc m i l l f o r 5 - 1 0 minutes 
u n t i l i t was reduced to f l o u r . P e l l e t s were prepared 
by mixing 2-3gm wi t h a few drops of mowiol and compressing 
them w i t h a boric acid backing i n a hydraulic ram. 

Twenty-five rock standards of widely spread compositions 
were used and the actual percentage compositions of the 
amphibolites were calculated by computer, using a programme 
developed by J.G. Holland (Holland and Brindle, 1966). The 
error f o r Na i s about - 10% and f o r other elements -2-3%. 

I n order to construct ACF and AFM diagrams FeO must 
be known and t h i s was determined i n d i r e c t l y from the 
compositions of the constituent hornblendes of four of the 
amphibolites. The FeO content of the hornblendes was found 
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"by t i t r a t i o n against potassium permanganate and the 
lTeO/]Te907 r a t i o calculated. The two hornblendes from the 
inland area had FeO/FegO^ r a t i o s 3.85 and 4-.82, w i t h 
a mean of approximately 4.3» The two hornblendes from 
the coastal area had r a t i o s of 2.25 and. 2.35) w i t h a 
mean of 2.3« These values were then applied to the 
appropriate groups of rocks. FeO could not be determined 
d i r e c t l y from the rock powder because i n the crushing i n 
the disc m i l l i t was heated and became s l i g h t l y oxidised. 
Several rock powders were dissolved and t i t r a t e d , but very 
e r r a t i c r e s u l t s were obtained. 

The analyses were divided i n t o three groups corresponding 
to those used i n the f i e l d and the means and standard 
deviations f o r each element calculated. I t was found that 
the coastal amphibolites had the smallest v a r i a t i o n s from 
the mean, and the inland unlaminated generally the l a r g e s t . 
This r e s u l t was to be expected since the laminated and 
coastal amphibolites are the most uniform on geological 
evidence. The laminated amphibolites are a l l of si m i l a r 
appearance and are a l l from the same horizon, and the 
same i s l a r g e l y true of the coastal amphibolites w i t h 
14 out of 17 being from what i s probably the same horizon. 
The v a r i a t i o n i n the inland unlaminated group i s so great 
that i t i s necessary to sub-divide i t . The sub-division 
based on composition corresponds well w i t h sub-groups 
that are distinguishable on petrographical and s t r u c t u r a l 
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grounds. Table IV gives the amphibolite analyses and 
table V the means and standard deviations of the three 
main groups. 

Between the inland laminated and coastal amphibolites 
the differences are very small. A t - t e s t c a l c u l a t i o n 
f o r each element shows that f o r only Na and Mn i s there 
a s t a t i s t i c a l l y s i g n i f i c a n t difference between the two 
groups. Table VI gives the t values f o r the amphibolites 
and the values t must be f o r 9 3 % and 9 9 % significance 
le v e l s (obtained from Davies, 1 9 5 4 - , table C). Na i s 
higher i n the coastal amphibolites - 2.56% as opposed 
to 2.03%; and Mn lower 0.21% against 0.25%. These 
differences are only s t a t i s t i c a l l y s i g n i f i c a n t and 
since the amounts concerned are so small they are not of 
geological importance. The f a c t that there are no 
important compositional differences between these two 
amphibolite groups shows that the d i f f e r e n t mineralogies 
are the r e s u l t of the rocks having attained equilibrium 
under d i f f e r e n t physical conditions. There are no 
differences i n composition between coastal amphibolites 
with garnets and those without. Fig.28 shows the coast 
amphibolites p l o t t e d on 'an ACF diagram, and i t i s clear 
that the garnet-bearing rocks do not f a l l on opposite 
sides of the An-Hbl t i e l i n e . Thus t h i s p l o t also 
supports the hypothesis that bulk rock composition was 
not the deciding f a c t o r i n determining whether or not 
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TABLE V 

A. I n l a n d laminated amphibolites 

Mean Standard 
D e v i a t i o n 

S i 0 2 48.60 3.09 
A 1 2 0 5 15-20 1.64 
F e 2 0 5 12.76 1.85 
MgO 7.50 2.32 
CaO 11.96 1.87 
Na 20 2.03 . 0 .53 
K 20 0.54 0 .35 
T i 0 2 1.17 0 .32 
MnO 0.25 0.04 

B. Coast amphibolites 

S i 0 2 50.58 1.81 
Al o0„ 14.22 0.80 2 3 
F e 2 0 5 12.41 1.25 
MgO 7-50 1.10 
CaO 11.01 0.85 
Na 20 2.56 0.27 
K 20 0 .52 0.18 
T i 0 2 0.99 0.31 
MnO 0.21 0.02 

C. I n l a n d unlaminated amphi~bolites 
S i 0 2 49.47 2.65 
A 1 2 0 5 12 .56 3-13 
Fe 20^ 14.50 1.61 
MgO 8 .93 3.11 
CaO 9.71 1-66 
Na 20 1.87 0.62 
K 20 1.56 0.56 
MnO 0.22 0.04 



TABLE, V I 
t - t e s t values f o r amphi~bolite group; 

A j B & G . 

^AB 
S i 0 2 2.27 0.87 1.37 

A l o 0 ^ 
2 3 

2.18 3.22 2.05 

F e 2 0 5 0.64 2.92 4 .05 

MgO 0.01 1.56 1.73 

GaO 1.89 3.69 2.76 
Wa20 3.71 0.82 4 .09 

K 20 0.23 3.32 3-40 
T i 0 2 1.68 2.61 3.53 

MnO 3.68 1.20 1 .21 

99% 95% 

2.73 2.03 

2.73 2.03 

2.75 2.04 



89 

I I 
f f 
° E 
in o 
S « 
V * -

+* «» w c c 
S o 



90 

garnet would form. This i s the opposite conclusion t o 
t h a t reached Toy de Waard (1965) i n h i s study of 
Adirondack metabasites. 

C o m p o s i t i o n a l l y the amphibolites are very s i m i l a r 
t o basic igneous rocks and i t i s probably from such 
rocks t h a t they o r i g i n a t e d . There can be no doubt t h a t , 
those amphibolites w i t h c l o s e l y associated u l t r a - b a s i c 
rocks o r i g i n a t e d as igneous rocks, and as the d i f f e r e n c e s 
between them and the amphibolites w i t h o u t u l t r a - b a s i c s 
are u s u a l l y n e g l i g i b l e , i t i s most l i k e l y t h a t the 
l a t t e r also o r i g i n a t e d as basic igneous rocks. The 
nearest quoted b a s a l t compositions t o these amphibolites 
are 3 t h ^ o l e i i t e b a s a l t s from Japan (Kuno, 1960). 

A ver y convenient way o f expressing rock compositions 
g r a p h i c a l l y f o r comparative purposes i s t o use a v e c t o r i a l 
p l o t devised by K o r z h i n s k i i , (1959) ' By means of t h i s 
p l o t a l l the elements can be used i n s t e a d of o n l y two or 
t h r e e . The weight percentages of the elements t o be 
used are r e c a l c u l a t e d as molecular percentages. These 
percentages are p l o t t e d on squared paper a l t e r n a t e l y 
p a r a l l e l t o the abscissa and o r d i n a t e . Thus i n t h i s 
case S i , Fe, Ca, and T i were p l o t t e d p a r a l l e l t o the 
abscissa and A l , Mg and Na+K p a r a l l e l t o the o r d i n a t e . 
Two l i n e s i n c l i n e d t o each other are obtained f o r each 
a n a l y s i s . The p o i n t at which.the f i r s t l i n e s t a r t s 
gives the molecular percentages of S i and A l , the slope 
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of the l i n e gives the r a t i o Mg/le, and i t s l e n g t h an 
i n d i c a t i o n of the amounts of Fe and Mg present. The 
slope and l e n g t h of the second l i n e give the same 
i n f o r m a t i o n f o r a l k a l i e s and Ca. The amount of T i i s 
given by the distance p a r a l l e l t o the abscissa "between 
the end of the second l i n e and the l i n e j o i n i n g 100% on 
the abscissa t o 100% on the o r d i n a t e . 

The slope of a s i n g l e l i n e , the r e s u l t a n t of the two 
already drawn, gives the r a t i o (Mg + a l k a l i e s ) / ( I 1 e + C a ) . 
But since Na+K i s never more than. 4-% the slope i s 
e f f e d t i v e l y Mg/(Fe+Ca). This s i n g l e l i n e p l o t shows 
ver y c l e a r l y the v a r i a t i o n from "basic t o u l t r a b a s i c 
since the l a t t e r are p a r t i c u l a r l y d i s t i n g u i s h e d "by the 
very h i g h p r o p o r t i o n of Mg they c o n t a i n . 

The p l o t w i t h b o t h l i n e s drawn i s more i n f o r m a t i v e , 
however, and t h a t one i s used here. Fig.29 shows t h i s 
p l o t f o r the c o a s t a l a m p h i b o l i t e s . The dashed l i n e s 
belong t o a rock from the i n l a n d unlaminated group 
t h a t i s i n c l u d e d i n t h i s diagram because i t i s i n t e r m e d i a t e 
i n composition "between "basic and u l t r a - b a s i c and helps 
b r i n g out the g r a d a t i o n between the two. The diagram 
shows t h a t a t f i r s t as the rocks become more u l t r a b a s i c 
(moving from r i g h t t o l e f t ) b o t h Mg and Fe increase as 
Si decreases. The increase i n Mg and Fe i s shown by 
the l i n e r e l a t i n g t o these elements m a i n t a i n i n g the same 



to 

O 
3? 



93 

slope "but i n c r e a s i n g i n l e n g t h and moving towards the 
o r d i n a t e . I f o n l y Mg increased then the slopie would 
increase a l s o . Ca and a l k a l i e s remain constant as i s 
shown by t h e i r l i n e m a i n t a i n i n g the same slope and 
l e n g t h . When Mg increases t o almost 50 mol.%, 
however, other elements s t a r t t o decrease i n a d d i t i o n 
t o S i , and when the extreme u l t r a - b a s i c composition 
(e.g. 70935) i s reached A l , Ca and a l k a l i e s are a l l v e r y 
much reduced. 

Fig.30 shows a v e c t o r i a l p l o t f o r the i n l a n d 
laminated amphibolites and i t i s c l e a r l y very s i m i l a r t o 
t h a t of the c o a s t a l a m p h i b o l i t e s . The few rocks t h a t 
have unusual compositions are immediately obvious. Rock 
51078 f o r example can be seen at a glance t o be r i c h i n 
Ca end correspondingly low i n Fe and Mg. This i s because 
the specimen used I n the a n a l y s i s contained p a r t of a 
pegmatite v e i n and was t h e r e f o r e much r i c h e r i n 
p l a g i o c l a s e than the normal a m p h i b o l i t e . Although t h e r e 
i s more v a r i a t i o n i n the laminated group, the analyses 
as a whole f a l l v e r y much i n the same area on the diagram 
as do the c o a s t a l a m p h i b o l i t e s . But more important than 
t h i s , b o t h p l o t s show the same t r e n d from basic t o 
u l t r a - b a s i c composition. Evans and Leake (1960) have 
shown t h a t t rends are more important than i n d i v i d u a l 
compositions i n determining the o r i g i n s of a m p h i b o l i t e s . 
Thus the s i m i l a r i t y between the trends of the two groups 
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i s taken as very strong evidence that they "both 
originated as "basic igneous rocks. Fig. 31 shows the 
inland unlaminated amphibolite p l o t which i s much more 
i r r e g u l a r . 

The trends of c e r t a i n N i g g l i values are also useful 
i n i n d i c a t i n g the o r i g i n s of metamorphosed rocks. 
Leake (1964) i n a study of the Connemara s t r i p e d 
arophibolites (which appear, i n c i d e n t a l l y , to be i d e n t i c a l 
w i t h the inland laminated amphibolites) found t h a t p l o t s 
of k and t i against mg were the most useful i n d i f f e r ­
e n t i a t i n g between sedimentary and igneous trends. 
Figs. 32 and 33 show k and t i respectively against mg 
f o r a l l the analysed amphibolites. The f i e l d s or trends 
of Karroo d o l e r i t e s and c e r t a i n sediments (from Leake, 
1964) are also shown, and although the amphibolite 
analyses do not completely f o l l o w the igneous trends they 
are much f u r t h e r from the sedimentary ones. 

The most d i s t i n c t i v e members of the inland unlaminated 
groups are specimens 51030, -34, -35, -39, and 71198. 
These are a l l derived from the black b i o t i t e bearing 
amphibolite described above (p. 53) and can thus already 
be recognised as being d i f f e r e n t from the rest of the 
amphibolites. Compositionally t h e i r most s t r i k i n g 
feature i s a very high concentration of T i . They a l l 
have more than 2% T i 0 2 , wherease a l l the others have 
less, and usually appreciably less, than t h i s . The 
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o n l y amphibolites t o approach these i n T i content are 
those t h a t occur i n the same general r e g i o n , i . e . the 
eastern p a r t of the I n l a n d Area. Specimens 51022, 
-41, -4-2, a l l have over 1.7% TiC^, hut on l y one other 
a m p h i b o l i t e from the two areas contains t h i s much T i . 
Specimens 51041 and 51042 have been i n c l u d e d i n the 
i n l a n d laminated group because they look l i k e the 
laminated a m p h i b o l i t e s . But they cannot be seen t o be 
p a r t of the same h o r i z o n on s t r a t i g r a p h i c a l grounds, nor 
i s t h e r e an h o r i z o n of brown s c h i s t associated w i t h the 
a m p h i b o l i t e from which these two rocks come. The very 
h i g h T i content of these rocks also suggests t h a t they 
do not belong t o the laminated group because Chayes (1965) 
has shown t h a t T i i s the o n l y r e l i a b l e i n d i c a t o r of 
d i f f e r e n t o r i g i n s of b a s a l t s . He found t h a t out of a 
l a r g e number of analysed b a s a l t s the content of TIO^ 
could be used t o d i f f e r e n t i a t e between oceanic and 
cicum-oceanic b a s a l t s w i t h 93% e f f i c i e n c y . Other oxides, 
or combinations of oxides excluding TiOg, gave l i t t l e 
b e t t e r e f f i c i e n c y than would be achieved by chance. 
The d i v i s i o n between the two types came a t 1.75% Ti02« 
Oceanic b a s a l t s would have more, and circum-oceanic 
b a s a l t s l e s s , than t h i s . Chayes concluded t h a t t h i s 
d i f f e r e n c e i n TiOg content i n d i c a t e d two separate 

sources f o r the b a s a l t types, but h i s p u r e l y s t a t i s t i c a l 
work could not prove i t . Be t h a t as i t may, i t would 
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appear t h a t l a r g e d i f f e r e n c e s i n the TiOg content 
of b a s a l t s i n d i c a t e a t l e a s t f o r m a t i o n i n d i f f e r e n t 
environments. I n the p a r t i c u l a r case o f the N e r i a area 
the presence of h i g h T i values from the amphibolites of 
one p a r t of the area would suggest t h a t these were not 
o r i g i n a l l y p a r t of the same group as a l l the other 
a m p h i b o l i t e s . 

The f i v e amphibolites w i t h v e r y h i g h T i 0 2 values 
(over 2%) have other compositional f e a t u r e s which 
d i s t i n g u i s h them from the r e s t , and the m i n e r a l o g i c a l 
p e c u l i a r i t i e s of these f i v e can be r e l a t e d t o these 
d i f f e r e n c e s . Table V I I shows the mean composition, 
standard d e v i a t i o n s , and t - t e s t values of the ver y h i g h 
T i a mphibolites compared w i t h the laminated group. The 
laminated groiip I s used f o r comparison r a t h e r than the 
c o a s t a l group because i n a d d i t i o n t o being a f a i r l y 
homogeneous group i t was metamorphosed under the same 
c o n d i t i o n s as the h i g h T i group. Any d i f f e r e n c e s i n 
present compositions w i l l t h e r e f o r e r e f l e c t o r i g i n a l 
d i f f e r e n c e s and not d i f f e r e n c e s caused by d i f f e r e n t i a t i o n 
d u r i n g non-isochemical metamorphism. 

There are s i g n i f i c a n t d i f f e r e n c e s i n the amounts of 
IPe, Ca, K, T i , and Mn between the two groups and these 
account f o r the presence of b i o t i t e i n the h i g h T i group. 
There i s approximately 30% l e s s CaO i n the h i g h T i group 
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TABLE V I I 

High. T i a m p h x b o l i t e s (Nos.5 1 0 3 0 , - 3 4 

- 3 5 , - 3 9 , 7 1 1 9 8 ) 

Mean 
S t a n d a r d 
D e v i a t i o n t 

S i 0 2 4 7 . 7 1 2 . 1 7 0 . 5 9 

A 1 2 0 5 1 4 . 0 0 1.40 1 . 4 5 

F e 2 0 3 15-14 0 . 4 9 2 . 8 7 

MgO 8 . 1 7 2 . 1 7 0 . 5 6 

CaO 9.06 1 . 5 3 3 . 1 0 

Na 2 0 1 . 9 0 0 . 3 9 0 . 5 0 

K 2 0 1 . 6 5 1 . 0 0 3 - 9 7 

T i 0 2 2.26 0 . 5 8 5.48 

MnO 0 . 1 9 0 . 0 3 2 . 9 7 

I n l a n d l a m i n a t e d group 

S i 0 2 48.60 3 . 0 9 

A 1 2 0 3 1 5 . 2 0 1.64 

2 o 1 2 . 7 6 1 . 8 5 

MgO 7 . 5 0 2 . 5 2 

OaO 1 1 . 9 6 1 . 8 7 

Na 2 0 2 . 0 3 0 . 5 3 

K 2 0 0 . 5 4 0 . 3 5 

T i 0 2 1 . 1 7 0 . 3 2 

MnO 0 . 2 5 0.04 
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and s i n c e h o r n b l e n d e r e q u i r e s a l o t o f Ca a d e a r t h 

o f t h a t element w o u l d i n h i b i t i t s development. On t h e 

o t h e r hand b i o t i t e r e q u i r e s a h i g h e r p r o p o r t i o n o f E 

and T i t h a n h o r n b l e n d e and t h e h i g h e r p r o p o r t i o n o f 

t h e s e elements i n t h e h i g h T i group w o u l d t h e r e f o r e 

encourage t h e g r o w t h o f b i o t i t e . 

E n g e l and E n g e l (1962a) d e s c r i b e changes i n 

a m p h i b o l i t e c o m p o s i t i o n s i n r o c k s f r o m t h e A d i r o n d a c k 

M o u n t a i n s i n New Yo r k S t a t e and conclude t h a t t h e y were 

caused by t h e change i n metamorphic grade f r o m 

a l m a n d i n e - a r a p h i b o l i t e f a c i e s t o g r a n u l i t e f a c i e s . No 

s y s t e m a t i c changes i n c o m p o s i t i o n can be f o u n d i n t h e 

N e r i a a m p h i b o l i t e s , b u t t h i s i s t o be ex p e c t e d because 

i t does n o t appear t h a t t h e grade o f metamorphism on 

t h e c o a s t was d i f f e r e n t f r o m t h a t , i n l a n d . 

I f o n l y t h e mean v a l u e s f o r each, o x i d e a r e 

c o n s i d e r e d and t h e s t a n d a r d d e v i a t i o n s i g n o r e d t h e n 

t h e r e appear t o be b i g g e r d i f f e r e n c e s between t h e 

d i f f e r e n t groups o f N e r i a a m p h i b o l i t e s t h a n t h e r e are 

between t h e E m e r y v i l l e and C o l t o n a m p h i b o l i t e s d e s c r i b e d 

by E n g e l and E n g e l . But i n t h e A d i r o n d a c k s t h e changes 

can. be seen t o have o c c u r r e d s t e a d i l y o ver some d i s t a n c e 

and i t w o u l d appear t h a t t h i s i s a case o f g e o l o g i c a l 

e v i d e n c e o u t w e i g h i n g s t a t i s t i c a l i n s i g n i f i c a n c e . 
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H o rnblende c h e m i s t r y 

There i s no more v a r i a t i o n i n t h e h o r n b l e n d e 

c o m p o s i t i o n t h a n t h e r e i s i n t h e a n a l y s e d a m p h i b o l i t e s , 

and what v a r i a t i o n s t h e r e are can o f t e n be r e l a t e d 

d i r e c t l y o r i n d i r e c t l y t o t h e r o c k c o m p o s i t i o n . T a b l e V I I I 

g i v e s t h e d e t a i l s o f t h e c h e m i s t r y o f t h e h o r n b l e n d e s . The 

v a l u e f o r w a s e s t i m a t e d t o be about 2%, so t h i s was 

added t o t h e XRF a n a l y s e s and a l l t h e o x i d e s , i n c l u d i n g 

w a t e r , were r e c a l c u l a t e d t o 100%. The a n a l y s e s were 

r e c a l c u l a t e d by computer on a b a s i s o f 24 oxygen atoms, 

u s i n g a program w r i t t e n b y R. P h i l l i p s . Most are c a l l e d 

t s c h e r m a f c i t e and a few p a r g a s i t e , b u t t h e d i f f e r e n c e i n 

name i s n o t u s u a l l y s i g n i f i c a n t because t h e y a l l f a l l 

a l m o s t midway between t h e s e two end members w i t h t h e 

e x c e p t i o n o f 70879 and 71118. 

I t can be seen i m m e d i a t e l y from, t a b l e V I I I t h a t 

t h e r e a re few d i f f e r e n c e s between t h e c o a s t h o r n b l e n d e s 

and t h o s e f r o m t h e i n l a n d l a m i n a t e d a m p h i b o l i t e s , and 

none o f t h e d i f f e r e n c e s reaches t h e 99% s i g n i f i c a n c e 

l e v e l . The 95% s i g n i f i c a n c e l e v e l i s exceeded b y t h e 

d i f f e r e n c e s between t h e v a l u e s f o r Fe, Mg, Na, T i and Mn. 

The c o a s t h o r n b l e n d e s c o n t a i n 7-8% l e s s E^O,., 15% more 

MgO, 20% more MgO, 20% more Na 2 0 , 20% l e s s T i 0 2 , and 

30% l e s s MnO t h a n t h e i n l a n d l a m i n a t e d h o r n b l e n d e s . 

The i n l a n d u n l a m i n a t e d h o r n b l e n d e s are more 
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h e t e r o g e n e o u s t h a n t h e o t h e r two groups as are t h e 

c o r r e s p o n d i n g a m p h i b o l i t e s . The l a r g e r s t a n d a r d 

d e v i a t i o n s ( t a b l e I X ) show t h i s g r e a t e r v a r i e t y i n 

c o m p o s i t i o n , and t a b l e V I I I shows t h a t h o r n b l e n d e 

71118 has t h e most extreme c o m p o s i t i o n b y b e i n g v e r y 

low i n A^O^. The d e a r t h o f A l means t h a t t h e r e can 

be v e r y l i t t l e s u b s t i t u t i o n o f A l f o r Mg i n t h e Y s i t e . 

T h i s , t o g e t h e r w i t h Na o c c u p y i n g t h e A s i t e , p l a c e s t h e 

m i n e r a l i n t h e e d e n i t e s e r i e s . 

H o rnblende 70879 i s s i t u a t e d w e l l w i t h i n t h e 

p a r g a s i t e f i e l d , d i s t i n c t l y s e p a r a t e f r o m a l l t h e 

o t h e r c o a s t h o r n b l e n d e s . 70879 i s a p p r o x i m a t e l y 

40% r i c h e r i n A l 2 0 j , 40% r i c h e r i n MgO, and 50% 

r i c h e r i n N a 2 0 . Most o f t h e excess i s ac c o u n t e d f o r 

by 70879 b e i n g some 35% p o o r e r i n F e 2 0 ^ t h a n t h e 

o t h e r c o a s t h o r n b l e n d e s . 

These are t h e main p o i n t s o f t h e h o r n b l e n d e 

c o m p o s i t i o n s and t h e y can be e x p l a i n e d b y r e f e r e n c e t o 

t h e c h e m i c a l and m i n e r a l o g i c a l c o m p o s i t i o n s o f t h e h o s t 

a m p h i b o l i t e s . D i f f e r e n c e s i n t h e c o n d i t i o n s o f 

metamorphism i n t h e two areas do n o t appear t o have 

i n f l u e n c e d t h e h o r n b l e n d e c o m p o s i t i o n s d i r e c t l y , b u t 

o n l y i n d i r e c t l y by c o n t r o l l i n g t h e m i n e r a l phases t h a t 

c o u l d f o r m . 
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i 1 . Coast h o r n b l e n d e s 

S i 0 2 

2 0 

F e 2 0 5 

MgO 
CaO 
Na 20 
K 20 
T i 0 2 

MnO 
G. I n l a n d u n l a m i n a t e d h o r n b l e n d e s 
S i 0 2 45.490 1.082 0.422 
-A.1 ̂,0 - 7 2 3 
F e 2 0 5 

9.010 1 .221 1.014 -A.1 ̂,0 - 7 2 3 
F e 2 0 5 18.630 1.196 0.286 
MgO 11 . 752 1.110 1.904 
CaO 11 . 725 0 . 392 1.232 
Na 20 1.060 0.158 0.341 
K 20 0.807 0.341 0 . 731 
T i 0 2 1.210 0.148 4 . 735 
MnO 0 .312 0.028 2.361 

H. I n l a n d l a m i n a t e d h o r n b l e n d e s 
S i 0 2 

2 5 
F e 2 ° 3 
MgO 

4 5 .168 0.759 
9.822 0.660 

18.838 0.381 
10.385 0.561 
12.065 0.273 

1.025 0.082 
0.663 0.040 
1.660 0.072 

0.372 0.034 

Mean S t a n d a r d 
D e v i a t i o n t ( F G ) t ( F H ) 

45.068 0.412 0.632 0.201 
10.362 0.211 1.890 1.349 
17-410 0.819 1.458 2.735 
12.148 0.713 0.519 3-365 
11.590 0.197 0.533 2.443 

1.225 0.076 1.632 3 .111 
0.637 0.227 0.718 0.188 
1.320 0.195 0.777 2.830 

0.235 0.075 1 .672 2.879 

CaO 
Na 20 
K 20 
T i 0 2 

MnO 

TABLE I X Means, s t a n d a r d d e v i a t i o n s and t - t e s t 
v a l u e s f o r a n a l y s e d h o r n b l e n d e s 
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The d i f f e r e n c e between t h e i n l a n d and c o a s t a l 

h o r n b l e n d e s is t h e r e s u l t o f c l i n o p y r o x e n e and g a r n e t 

"being p r e s e n t i n t h e c o a s t a m p h i b o l i t e s and absent i n 

t h e i n l a n d a m p h i b o l i t e s . I n a r o c k c o n t a i n i n g almandine:; 

a l a r g e p r o p o r t i o n o f t h e i r o n i n t h e system w i l l be 

i n c o r p o r a t e d i n t o t h e g a r n e t , t h u s l e a v i n g l e s s a v a i l a b l e 

f o r o t h e r m i n e r a l s . T h i s w i l l account f o r t h e s l i g h t l y 

l o w e r amount o f i r o n i n t h e c o a s t amphiboles t h a n i s 

f o u n d i n t h e i n l a n d ones. There b e i n g good d i a d o c h y 

between f e r r o u s i r o n and magnesium t h e h o r n b l e n d e w i l l 

r e a d i l y t a k e up more magnesium t o make up f o r t h e 

d e f i c i e n c y i n i r o n . Hence i t i s t o be e x p e c t e d t h a t t h e 

c o a s t a m p h i b o l i t e s w i l l be s l i g h t l y r i c h e r i n MgO t h a n 

t h e i n l a n d ones. I n t h e case o f E^O t h e h o r n b l e n d e s 

v a r y s y m p a t h e t i c a l l y w i t h t h e r o c k s s i n c e n e i t h e r r g a r n e t 

o r s a l i t e t a k e s i g n i f i c a n t amounts o f sodium. The l o w e r 

amounts o f TIO^ and MnO i n t h e c o a s t h o r n b l e n d e s are t h e 

r e s u l t o f t h e r o c k s c o n t a i n i n g sphene and g a r n e t 

r e s p e c t i v e l y . Sphene i s common i n t h e c e a s t a m p h i b o l i t e s , 

b u t n o t i n t h e i n l a n d ones and s i n c e i t can c o n t a i n up 

t o 4 0 % H O 2 even 1 % sphene w i l l make an i m p o r t a n t 

d i f f e r e n c e t o t h e amount o f t i t a n i u m a v a i l a b l e f o r o t h e r 

m i n e r a l s . S i m i l a r l y manganese p r e f e r e n t i a l l y e n t e r s 

a lmandine, l e a v i n g l e s s f o r t h e h o r n b l e n d e . 

The two u n u s u a l h o r n b l e n d e s , 71118 and 70879 5 are 

r e m a r k a b l e because t h e y occur i n r o c k s o f u n u s u a l 
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c o m p o s i t i o n s . A m p h i b o l i t e 71118 i s low i n Na 2 0 and 

A l g O j and t h e h o r n b l e n d e i s c o r r e s p o n d i n g l y p o o r i n t h e s e 

o x i d e s . But "because t h e r e i s no p l a g i o c l a s e i n t h e r o c k 

t h e h o r n b l e n d e i n f a c t c o n t a i n s more o f t h e s e elements t h a n 

m i g h t be e x p e c t e d because i t does n o t have t o compete f o r 

them. 

I n t h e case o f 70879 t h e r o c k c o m p o s i t i o n more 

i n d i r e c t l y a f f e c t e d t h e h o r n b l e n d e c o m p o s i t i o n . The r o c k 

c o n t a i n s a p p r e c i a b l y more MgO t h a n t h e o t h e r a n a l y s e d 

a m p h i b o l i t e s and so does t h e h o r n b l e n d e , b u t t h i s s i m p l e 

r e l a t i o n s h i p does n o t h o l d f o r t h e o t h e r e l e m e n t s . Because 

h y p e r s t h e n e i s t h e o n l y o t h e r m i n e r a l p r e s e n t i n t h e r o c k 

t h e r e was l e s s i r o n , b u t more sodium, c a l c i u m , and 

a l u m i n i u m a v a i l a b l e f o r t h e h o r n b l e n d e t h a n i f p l a g i o c l a s e 

had been a b l e t o f o r m . I t i s c l e a r t h a t o r t h o p y r o x e n e 

f o r m e d because o f t h e r o c k c o m p o s i t i o n and n o t because 

g r a n u l i t e f a c i e s metamorphism t o o k p l a c e . 

The main c o n c l u s i o n r e a c h e d about t h e h o r n b l e n d e s 

i n t h e N e r i a A r ea t h e r e f o r e i s t h e same as t h a t r e a c h e d 

by E n g e l and E n g e l (1962b) i n t h e i r e x a m i n a t i o n o f 

A d i r o n d a c k a m p h i b o l i t e s and h o r n b l e n d e s and i s t h a t 

b u l k r o c k c o m p o s i t i o n , d i r e c t l y o r i n d i r e c t l y , i n f l u e n c e s 

h o r n b l e n d e c o m p o s i t i o n much more t h a n changes i n 

t e m p e r a t u r e and p r e s s u r e o f metamorphism. 
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CHAPTER FIVE 

ULTRA-BASIC ROCKS 

U l t r a - " b a s i c r o c k s are w i d e s p r e a d over most o f t h e 

N e r i a Area, b u t t h e y are n o t u n i f o r m l y d i s t r i b u t e d and 

t h e y a r e n o t f o u n d a t a l l i n some p a r t s . T h i s i s t h e 

case i n t h e two Areas d e s c r i b e d h e r e . U l t r a - b a s i c 

r o c k s are f o u n d i n most p a r t s o f t h e C o a s t a l Area, b u t 

i n t h e I n l a n d A r ea t h e y o c c u r o n l y i n t h e upper p a r t o f 

t h e Upper B i o t i t e Gneiss S u c c e s s i o n - i n t h e n o r t h - w e s t 

o f t h e A r e a g e o g r a p h i c a l l y . The main o c c u r r e n c e s o f 

u l t r a - b a s i c r o c k s a r e i n d i c a t e d on Maps I and I I . 

U l t r a - b a s i c s a r e known t o oc c u r above t h e Upper B i o t i t e 

Gneiss o u t s i d e t h e I n l a n d A r e a , b u t t h e y do n o t oc c u r 

below t h a t h o r i z o n . 

The U l t r a - b a s i c r o c k s t a k e t h e f o r m o f unc o n n e c t e d 

pods o r l e n s e s w h i c h range i n l e n g t h f r o m m e t r e s t o 

hundreds, o f metres and have e l l i p t i c a l o r c i r c u l a r 

h o r i z o n t a l s e c t i o n s . The l e n s e s a r e i n v a r i a b l y a s s o c i a t e d 

w i t h a m p h i b o l i t e and, exce p t where extreme d e f o r m a t i o n has 

o c c u r r e d , a r e u s u a l l y a l o n g one m a r g i n o f t h e s i a p h i b o l i t e . 

Wot a l l t h e a i a p h i b o l i t e h o r i z o n s have a s s o c i a t e d u l t r a -

b a s i c s , b u t most o f t h o s e i n t h e C o a s t a l A rea do. The 

d i s t r i b u t i o n o f t h e l e n s e s i s n o t u n i f o r m a l o n g t h e 

a m p h i b o l i t e s h e e t s and w h i l e t h e y may be common i n one 
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p a r t t h e y may d i s a p p e a r a l o n g t h e s t r i k e . F i g . 34-

shows a t y p i c a l s m a l l l e n s on t h e m a r g i n o f one o f t h e 

i n l a n d a m p h i b o l i t e s . 

I n appearance t h e u l t r a - b a s i c s a r e massive f i n e 

g r a i n e d r o c k s r u s t y brown on w e a t h e r e d s u r f a c e s and d a r k 

g r e y o r b l u e - g r e y on f r e s h . Some o f t h e r o c k s have 

n o d u l a r w e a t h e r e d s u r f a c e s caused b y t h e w e a t h e r i n g o u t 

o f h a r d e r f i n e r g r a i n e d p o r t i o n s . I n d i v i d u a l m i n e r a l 

g r a i n s u s u a l l y cannot be seen b y t h e u n a i d e d eye, b u t i n 

some specimens m i c a f l a k e s can be seen. Around t h e m a r g i n s 

o f some l e n s e s , and l i n i n g f i s s u r e s , t r e m o l i t e has 

de v e l o p e d ( f i g . 3 5 ) * ^ e t r e m o l i t e o c c u r s as p a l e g r e e n 

f i b r o u s c r y s t a l s grown p e r p e n d i c u l a r l y f r o m t h e m a r g i n o f 

t h e l e n s o r f i s s u r e . I t appears t h a t t r e m o l i t e i s a l a t e 

a l t e r a t i o n p r o d u c t o f e a r l i e r f o rmed m i n e r a l s , b u t i n 

t h i n s e c t i o n even l a t e r m i n e r a l s can be seen. 

I n a d d i t i o n t o t h e s e u l t r a - b a s i c r o c k s t h e r e a r e a l s o 

a few u l t r a - m a f i c s t o be f o u n d . I n hand specimen t h e 

u l t r a - m a f i c s l o o k l i k e h o r n b l e n d i t e s , b u t i n a d d i t i o n 

t o h o r n b l e n d e t h e r e may be b i o t i t e o r pyroxene p r e s e n t . 

Such r o c k s a r e n o t abundant. The b e s t example o c c u r s on 

t h e C o a s t a l A r e a and i t o c c u r s as a t h i n h o r i z o n ( c a . 

15 H i . t h i c k ) i n a v e r y h o r n b l e n d e r i c h g n e i s s . I t has 

been seen a t s e v e r a l l o c a l i t i e s a l o n g a p p r o x i m a t e l y t h e 

same s t r i k e , b u t t h e exposure between i s v e r y poor and i t 
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F i g . 34 T y p i c a l s m a l l u.b. l e n s ( u n d e r hammer i n 
c e n t r e o f p h o t o g r a p h ) between a m p h i b o l i t e 
( f o r e g r o u n d ) and b i o t i t e g n a i s s ( b a c k g r o u n d ) . 
G r i d square B6, Map I . 

F i g . 35 F i b r o u s t r e m o l i t e d e v e l o p e d r a d i a l l y f r o m 
m a r g i n o f an u.b. l e n s . G r i d square B6, Map I . 
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has n o t been p o s s i b l e t o l i n k up t h e i s o l a t e d o u t c r o p s . 

The s t r i k e o f t h e o u t c r o p s i s v e r y c l o s e t o t h a t o f t h e 

g n e i s s e s and i t i s d i f f i c u l t t o d e t e r m i n e whether i t i s 

p a r t o f t h e g n e i s s s u c c e s s i o n o r a l a t e r i n t r u s i v e . 

The a m p h i b o l i t e l e n s e s f o u n d i n t h e N e r i a G r a n i t e i n t h e 

I n l a n d A r e a are s i m i l a r i n . c o m p o s i t i o n and m i n e r a l o g y 

t o t h i s r o c k (see above p . 7 7 ) . 

P e t r o g r a p h y o f t h e u l t r a - b a s i c s 

There i s a v a r i e t y o f m i n e r a l assemblsiges t o be 

f o u n d i n t h e u l t r a - b a s i c r o c k s a t p r e s e n t and i t i s 

p r o b a b l e t h a t b o t h o r i g i n a l m i n e r a l o g y and t h e e f f e c t s 

o f metamorphism have p r o d u c e d t h i s v a r i e t y . For t h e 

purpose o f d e s c r i p t i o n t h e y can be b r o a d l y grouped on 

m i n e r a l o g i c a l grounds, b u t t h e s e g r o u p i n g s do n o t 

n e c e s s a r i l y c o r r e s p o n d t o g e n e t i c g r o u p s . The two 

main groups used a r e a) u l t r a - b a s i c s composed o f 

o l i v i n e , p y r o x e n e , and/or amphibole, and b ) u l t r a - b a s i c s 

t h a t have been s e r p e n t i n i s e d o r s t e a t i t i s e d . 

N o n - s e r p e n t i n i s e d o r - s t e a t i t i s e d u l t r a - b a s i c s 

O l i v i n e i s g e n e r a l l y t h e most abundant m i n e r a l , b u t 

t h e amount p r e s e n t i s v a r i a b l e and may be between 50% and 

90% o f t h e r o c k . The o l i v i n e c o m p o s i t i o n has n o t been 

d e t e r m i n e d e x a c t l y , b u t i t i s magnesium r i c h , as i s t o 

be e x p e c t e d , h a v i n g a 2V o f n e a r l y 90° and a n e g a t i v e 

s i g n . I t i s p r o b a b l y i n t h e r e g i o n o f Fa.r 
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The o l i v i n e c r y s t a l s have rounded s u b h e d r a l o u t l i n e s 

and do n o t appear t o have "been a l t e r e d , a l t h o u g h v e i n s 

o f s e r p e n t i n e , t a l c and i n a few cases " b r u c i t e c u t some 

o f them. The g r a i n s are u s u a l l y 1-2 mm i n d i a m e t e r . There 

i s no r e a c t i o n "between o l i v i n e s and s u r r o u n d i n g m i n e r a l s 

and t h e r e f o r e t h e y were p r o b a b l y s t a b l e under t h e 

c o n d i t i o n s o f metamorphism. The o l i v i n e s may i n f a c t 

be r e l i c s o f t h e o r i g i n a l i g n e o u s r o c k , b u t t r i p l e 

j u n c t i o n s o f 120° where t h r e e o l i v i n e c r y s t a l s meet 

suggest t h e y may have been r e c r y s t a l l i s e d . The absence 

o f s t r a i n l a m e l l a e p o i n t s t o t h e same conclusion:. 

B o t h c l i n o and o r t h o - p y r o x e n e o c c u r i n t h e s e 

u l t r a - b a s i c s . The c l i n o p y r o x e n e i s d i o p s i d e and t h e 

o r t h o - p y r o x e n e h y p e r s t h e n e . D i o p s i d e o c c u r s as 

p r i s m a t i c c r y s t a l s o f a p p r o x i m a t e l y s i m i l a r s i z e t o t h e 

o l i v i n e s . I d e n t i f i c a t i o n i s n o t always c e r t a i n because 

much o f t h e d i o p s i d e has been c o n v e r t e d t o a c o l o u r l e s s 

p a l e g r e e n h o r n b l e n d e . Thus i t i s i m p o s s i b l e t o make an 

e s t i m a t e o f t h e amount o f d i o p s i d e p r e s e n t . I n one 

s e c t i o n (71146) l a r g e i r r e g u l a r p a t c h e s o f d i o p s i d e 

o c c u r p a r t l y e n c l o s i n g o l i v i n e s . The d i o p s i d e p a t c h e s 

show s l i g h t s t r a i n e x t i n c t i o n . 

The h y p e r s t h e n e has i t s u s u a l d i s t i n c t i v e p l e o c h r o i s m -

X p i n k , Z v e r y p a l e g r e e n and Y c o l o u r l e s s . U s u a l l y o n l y 

one cleavage i s w e l l d e v e l o p e d so t h a t many g r a i n s have 



11 

no a p p a r e n t cleavage and t h i s , combined w i t h t h e i r 

h i g h r e l i e f , makes them l o o k l i k e o l i v i n e . However, 

t h e p l e o c h r o i s m and s m a l l n e g a t i v e 2V o f t h e h y p e r s t h e n e 

u s u a l l y enable t h e two t o be d i s t i n g u i s h e d . The shapes 

o f t h e g r a i n s o f t h e two m i n e r a l s a r e u s u a l l y i d e n t i c a l . 

An amphibole i s o f t e n p r e s e n t and t h e h a b i t o f many 

o f t h e c r y s t a l s s u ggests t h a t t h e y may have been formed 

by a l t e r a t i o n o f d i o p s i d e . The amphibole has t h e same 

p r i s m a t i c f o r m as t h e d i o p s i d e , b u t i t i s o f t e n 

p l e o c h r o i c and i n t h e o c c a s i o n a l c r o s s - s e c t i o n t h e two 

amphibole c l e a v a g e s can be seen. The o p t i c s o f t h e 

amphibole a r e s i m i l a r t o t h o s e o f t h e a m p h i b o l i t e 

h o r n b l e n d e s e x c e p t t h a t i t has a much weaker g r e e n i n 

t h e p o s i t i o n o f ms.xim.um a b s o r p t i o n . T h i s i s a r e f l e c t i o n 

o f t h e d i f f e r e n t c o m p o s i t i o n o f t h e h o r n b l e n d e , w h i c h i n 

t u r n r e f l e c t s t h e d i f f e r e n t b u l k r o c k c o m p o s i t i o n . 

P h y l l o s i l i c a t e s a re p r e s e n t i n some o f t h e s e u l t r a -

b a s i c s , b u t t h e y a r e n o t abundant, n o r do t h e y occur as 

l a r g e c r y s t a l s . Where f o u n d t h e y f o r m c o l o u r l e s s p l a t e s 

w i t h d u l l g r e y i n t e r f e r e n c e c o l o u r s . P h y l l o s i l i c a t e s a r e 

b e t t e r d e v e l o p e d i n some o f t h e s e r p e n t i n i s e d u l t r a - b a s i c s 

and w i l l t h e r e f o r e be d e s c r i b e d i n d e t a i l w i t h t h o s e r o c k s 

A c c e s s o r y m i n e r a l s are b r u c i t e and opaques. I r o n 

o x i d e s and c h r o m i t e f o r m t h e opaque m i n e r a l s . Chromite 

i s u s u a l l y s l i g h t l y more abundant t h a n t h e i r o n o x i d e s 

and o c c u r s as rounded embayed g r a i n s . The i r o n o x i d e s 

http://ms.xim.um
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p r e s e n t are h a e m a t i t e and i l m e n i t e , f r e q u e n t l y 

i n t e r g r o w n w i t h each o t h e r . I l m e n i t e o c c a s i o n a l l y 

o c c u r s as l a m e l l a e i n c h r o m i t e and has t h e appearance 

o f "being younger than, t h e c h r o m i t e . 

B r u c i t e o c c u r s as p l a t e s t h a t have f i l l e d i n t e r s t i c e s 

"between s i l i c a t e g r a i n s , and a l s o as a v e i n m i n e r a l . 

I t r esembles c a r b o n a t e , b u t i t s low b i r e f r i n g e n c e and 

u n i a x i a l p o s i t i v e f i g u r e i n d i c a t e t h a t i t i s i n f a c t 

b r u c i t e . 

S e r p e n t i n i s e d and s t e a t i t i s e d u l t r a - b a s i c s 

The s o f t s t e a t i t i s e d u l t r a - b a s i c s a r e t h e r o c k s used 

by t h e G r e e n l a n d e r s as a s c u l p t i n g medium. F o r m e r l y 

s o apstone, as t h e r o c k i s known l o c a l l y , was used t o 

make lamps and o t h e r p r a c t i c a l o b j e c t s as i t was e a s i l y 

h o l l o w e d o u t o r o t h e r w i s e worked, b u t w i t h t h e i n t r o ­

d u c t i o n o f m e t a l t o Greenland t h i s use r a p i d l y d e c l i n e d 

and i t i s now used o n l y f o r t h e p r o d u c t i o n o f ornaments. 

The degree o f hydrous a l t e r a t i o n o f t h e u l t r a - b a s i c s 

v a r i e s f r o m i n c i p i e n t t o a l m o s t c o m p l e t e . B o t h t a l c and 

s e r p e n t i n e may oc c u r i n t h e same r o c k , b u t t h e d i s t r i b u t i o n 

o f t h e two t y p e s o f a l t e r a t i o n i s n o t haphazard. I n t h e 

C o a s t a l A r e a t a l c p r e d o m i n a t e s over s e r p e n t i n e , and i n 

t h e I n l a n d A r e a s e r p e n t i n e i s t h e main a l t e r a t i o n p r o d u c t . 

R e l i c o l i v i n e , pyroxene and amphibole o c c u r i n t h e s e 

a l t e r e d u l t r a - b a s i c s as s m a l l s c a t t e r e d c o r r o d e d g r a i n s . 



117 

Serpentine occurs as aggregates of sub-microscqpic 
f i b r e s . The f i b r e s g e n e r a l l y have grown out from a 
s h o r t spine and now form ovoids of s e r p e n t i n e . I n other 
cases amphibole c r y s t a l s have acted as n u c l e i f o r the 
serpentine and the f i b r e s r a d i a t e out from the c r y s t a l . 
Talc occurs as c i r c u l a r aggregates of s m a l l , h i g h l y 
b i r e f r i n g e n t f l a k e s . I t has developed more haphazardly 
throughout the rocks than s e r p e n t i n e . Where the two 
occur t o g e t h e r t a l c has overgrown the serpentine and 
i s c l e a r l y younger. 

I n some of the s t r o n g l y s e r p e n t i n i s e d u l t r a - b a s i c s 
of the I n l a n d Area a p h y l l o s i l i c a t e i s moderatELy abundant. 
I t i s weakly p l e o c h r o i c from c o l o u r l e s s t o extremely 
pale brown. The p o s i t i o n of maximum a b s o r p t i o n i s 
w i t h the cleavage t r a c e p e r p e n d i c u l a r t o the v i b r a t i o n 
d i r e c t i o n of the p o l a r i s e r , i . e . the opposite t o t h a t 
u s u a l l y observed i n micas. I n b a s a l , or n e a r l y b a s a l , 
s e c t i o n s the mica can be seen t o c o n t a i n i n c l u s i o n s of 
r u t i l e needles arranged i n a t r i a n g u l a r p a t t e r n . This 
suggests the m i n e r a l i s , or was, p h l o g o p i t e . The 
i n t e r f e r e n c e c l o u r s are anomalous deep blue and brown which 
make i t impossible t o o b t a i n an i n t e r f e r e n c e f i g u r e . 
These anomalous colours are probably the r e s u l t of the 
p h l o g o p i t e having been c h l o r i t i s e d . The p h l o g o p i t e i s 
c l e a r l y a l a t e metamorphic m i n e r a l and may post-date the 
f o r m a t i o n of the s e r p e n t i n e . The p h l o g o p i t e i s the o n l y 



m i n e r a l i n the u l t r a - b a s i c s t o show p o s t - c r y s t a l l i s a t i o n 
deformation. The c r y s t a l s are o f t e n crossed by k i n k 
"bands which have not been observed i n any of the other 
m i n e r a l s . 

The opaque minerals are g e n e r a l l y s i m i l a r t o those 
of the u n s e r p e n t i n i s e d u l t r a - b a s i c s , but i n some 
magnetite i s o b v i o u s l y present i n appreciable q u a n t i t i e s 
because hand specimens w i l l d e f l e c t a compass needle. 
The chromite-bearing rocks do not do t h i s . 
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CHAPTER SIX 

BROWN SCHIST 

The rock described under t h i s heading i s n o t , i n 
f a c t , a t r u e s c h i s t and i s more a c c u r a t e l y described 
as b i o t i t e - s i l l i m a n i t e gneiss, but "brown s c h i s t " was 
a convenient f i e l d term t o separate i t from the a c i d 
gneiss, and i t i s r e t a i n e d here. The brown s c h i s t i s 
a compact, but u s u a l l y s t r o n g l y f o l i a t e d , red-brown rock, 
very r i c h i n dark brown b i o t i t e and sometimes extremely 
g a r n e t i f e r o u s . I t i s found on l y i n the I n l a n d Area and 
i s a p a r t i c u l a r l y s t r i k i n g rock which can be seen ve r y 
e a s i l y from great distances on account of the c o n t r a s t 
between i t s deep colour and the white of the gneiss. 
I t forms an e x c e l l e n t marker h o r i z o n and i s , i n f a c t , 
b e t t e r than the amphibolites as the r e i s only one 
brown s c h i s t h o r i z o n and i t i s much l e s s t e c t o n i c a l l y 
deformed than most amphib o l i t e s , although i t s t h i c k n e s s 
v a r i e s from place t o place. I t i s much more r e s i s t e n t 
t o g r a n i t i s a t i o n than amphibolite and i t can be t r a c e d 
e a s i l y through the N e r i a Granite i n the south of the 
Area, although i t has been i n t e n s e l y veined by i n t r u s i o n 
of g r a n i t i c m a t e r i a l . 

The brown s c h i s t can v a r y from red-brown t o grey i n 
colo u r depending on the col o u r and amount of b i o t i t e 
p r esent. N o r t h of the eastern end of the major E-W 
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f a u l t , where two "brown s c h i s t horizons r u n p a r a l l e l t o 
each o t h e r , t h e r e i s a g r a d a t i o n "between "brown s c h i s t 
and a i n p h i b o l i t e . As described above, (p.38) the 
amph i b o l i t e i n t h i s p a r t of the Area i s seen o n l y as small 
blocks i n c l u d e d i n a much p a l e r grey rock. This grey rock 
i s brown s c h i s t t h a t contains l e s s b i o t i t e than usual and 
more f e l s i c m i n e r a l s . The amphi b o l i t e has been mixed w i t h 
t h i s and a g r a d a t i o n a l contact developed. 

The amount of garnet and the freshness o f t h a t 
m i n e r a l are extremely v a r i a b l e . I n the hinge zones o f the 
major SW plu n g i n g f o l d s the brown s c h i s t i s extremely 
r i c h i n f r e s h r ed garnets. The garnets have not developed 
t h e i r proper c r y s t a l form but are. rounded and are r a r e l y 
more than 1 cm. i n diameter. But even here there are 
bands i n the s c h i s t completely devoid of garnets. At 
l o c a l i t i e s along the limbs of the f o l d s t h e r e may be no 
garnets present over l a r g e areas, but these are unusual. 
I n c e r t a i n bands w i t h i n the s c h i s t i n d i v i d u a l garnets may 
grow t o almost 2 cms diameter w h i l e adjacent bands w i l l 
be f u l l of many small garnets o n l y m i l l i m e t r e s i n diameter. 
S i l l i m a n i t e can be seen i n many specimens of brown s c h i s t 
as f e l t e d mats of f i n e f i b r e s . I t i s very unevenly 
d i s t r i b u t e d throughout the rocks and a hand specimen 
ap p a r e n t l y r i c h i n s i l l i m a n i t e may give a s l i c e 
c o n t a i n i n g no s i l l i m a n i t e at a l l and the reverse: may also 
occur. 
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Petrography of "brown s c h i s t s 

The brown s c h i s t s are composed of b i o t i t e , q u a r t z , 
p l a g i o c l a s e , garnet, c o r d i e r i t e , and s i l l i m a n i t e , w i t h 
a p a t i t e , z i r c o n and opaque minerals as accessories. 

B i o t i t e forms 20-30% of most brown s c h i s t s and i s a 
deep red-brown, q u i t e d i f f e r e n t from the green-brown 
b i o t i t e s of the gneisses. I t i s p l e o c h r o i c from c o l o u r l e s s 
t o brown. I t occurs as ragged f l a k e s w i t h a very s t r o n g 
p r e f e r r e d o r i e n t a t i o n . I n c l u s i o n s and p l e o c h r o i c haloes 
are common. I n a few specimens the b i o t i t e has been 
bleached, This i s found p a r t i c u l a r l y i n specimens from 
near the major E-W f a u l t and i t i s o f t e n associated w i t h 
c h l o r i t i s a t i o n of the garnet and was probably caused by 
a l t e r a t i o n associated w i t h the f o r m a t i o n of the f a u l t . 
B i o t i t e appears t o be unstable i n a l l brown s c h i s t s and 
t h e r e f o r e has a v e r y ragged appearance. 

P l a g i o c l a s e i s present i n most specimens of brown 
s c h i s t but r a r e l y exceeds 10% of the t o t a l rock volume. 
The p l a g i o c l a s e composition i s extremely v a r i a b l e . I n 
most se c t i o n s i t i s i n the range An-^Q_^ but i t may be 
as sodic as An o c- or as c a l c i c as An n~. The more c a l c i c 25 70 
values were obtained from rocks from the south-west p a r t 
of the area. I n the p l a g i o c l a s e s w i t h h i g h a n o r t h i t e 
content, i . e . around An^Q, ver y f i n e p a r a l l e l l i n e s 
i n c l i n e d approximately 20° t o (010) have been seen. I t 
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i s not known what these are, whether a cleavage or a 
form of growth i n the c r y s t a l . They have been observed 
i n other h i g h a n o r t h i t e p l a g i o c l a s e s from rocks!such as 
gabbro a n o r t h o s i t e (Kalsbeek, personal communication) but 
no e x p l a n a t i o n of them has y e t been advanced. 

As f a r as can be determined o p t i c a l l y t here i s 
l i t t l e v a r i a t i o n i n the p l a g i o c l a s e c o m p o s i t i o n j w i t h i n 
each specimen. P l a g i o c l a s e u s u a l l y occurs as i n t e r s t i t i a l 
g r a i n s , but i n some sections p l a g i o c l a s e p o r p h y r o b l a s t s 
are beginning t o develop. P l a g i o c l a s e almost i n v a r i a b l y 
has convex margins t o b i o t i t e and appears t o have been 
growing as b i o t i t e was breaking down. I n c i p i e n t 
s e r i c i t i s a t i o n occurs i n some p l a g i o c l a s e s , but u s u a l l y 
they are q u i t e f r e s h . No a l k a l i f e l d s p a r or muscovite 
occurs i n brown s c h i s t , and b i o t i t e i s the only 
potassium-bearing m i n e r a l . Some specimens of brown s c h i s t 
were s t a i n e d w i t h sodium c o b a l t i n i t r i t e i n c a s e | a l k a l i 
f e l d s p a r had been mistaken f o r c o r d i e r i t e or p l a g i o c l a s e , 
but no a l k a l i f e l d s p a r was found. 

C o r d i e r i t e i s present i n most sections but i t i s 
sometimes d i f f i c u l t t o d i s t i n g u i s h i t from p l a g i o c l a s e . 
Yellow p l e o c h r o i c haloes around z i r c o n g r a i n s and 
hexagonal t w i n n i n g occur o c c a s i o n a l l y and enable the 
mi n e r a l t o be p o s i t i v e l y i d e n t i f i e d . C o r d i e r i t e u s u a l l y 
occurs as small p r o p h y r o b l a s t s but i n places l a r g e r 
i r r e g u l a r l y - s h a p e d porphyroblasts have developed which 
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enclose other minerals such as " b i o t i t e and p l a g i o c l a s e , 
( f i g . 36) . M i c r o m e t r i c a n a l y s i s of a number of brown 
s c h i s t s e c t i o n s i n d i c a t e s t h a t c o r d i e r i t e may occupy up 
t o 30% of the rock, but r e s u l t s obtained f o r c o r d i e r i t e 
(and t h e r e f o r e also f o r p l a g i o c l a s e ) may not be very 
accurate. 

Garnet forms up t o 20% of the rock and i s u s u a l l y 
f r e s h and f r e e from i n c l u s i o n s . Drop q u a r t z , p l a g i o c l a s e , 
and small b i o t i t e f l a k e s may a l l be found i n s i d e garnets, 
but u s u a l l y they have e f f e c t i v e l y c l e a r e d themselves. 
In c l u d e d g r a i n s do not have any p r e f e r r e d o r i e n t a t i o n , or 
s p i r a l or sigmoidal arrangement, t h e r e f o r e no conclusions 
can be drawn about changes i n the o r i e n t a t i o n of the 
f o l i a t i o n d u r i n g the growth of the garnets. The garnets 
grew p o s t - t e c t o n i c a l l y as they cut across the b i o t i t e 
and s i l l i m a n i t e c r y s t a l s r a t h e r than d e f l e c t them. There 
has, however, been a s l i g h t deformation subsequent t o the 
growth of the garnets because b i o t i t e f l a k e s near the top 
and bottom of the garnet g r a i n s have been bent round them 
( f i g . 37 ) . Garnet i s the most s u s c e p t i b l e of a l l the 
brown s c h i s t m i nerals t o a l t e r a t i o n . Near the E-W f a u l t 
i t i s f r e q u e n t l y completely a l t e r e d t o c h l o r i t e or 
s e r i c i t e and q u a r t z , and i n many other l o c a l i t i e s 
c h l o r i t i s a t i o n has begun along cracks i n the c r y s t a l s . 
I n the N e r i a Granite t o the south, garnet i s again the 
f i r s t m i n e r a l t o break down and u s u a l l y a l l t h a t remains 



F i g . 36 C o r d i e r i t e p o r p h y r o b l a s t enclosing quartz 
and " b i o t i t e g r a i n s i n brown s c h i s t . 
•Specimen 71033, x N, x 12. 



B i o t i t e c r y s t a l s and t r a i n s of s i l l i m a n x t e 
d e f l e c t e d around a garnet c r y s t a l , m brown 
s c h i s t . Specimen 7104-5, PpL x 10 
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are pseudomorphs of f i n e l y d i v i d e d mica. At D2 7670 
(Map I ) , which i s j u s t i n s i d e the g r a n i t e , there i s 
v i r t u a l l y no a l t e r a t i o n of any of the m i n e r a l s . But 
at E l 8382, approximately 2 km. i n s i d e the g r a n i t e , t h e r e 
garnet has decayed t o c h l o r i t e . 

S i l l i m a n i t e occurs both as f e l t e d f i b r o u s masses and 
also as d i s c r e t e c r y s t a l s which may be up t o 0 .5 nun. 
across i n c r o s s - s e c t i o n . The g r e a t e s t volume of s i l l i m a n i t e 
observed i n any sections was 15%« I t i s u s u a l l y c l o s e l y 
associated w i t h b i o t i t e and has c l e a r l y formed l a t e r than 
i t , but i t i s impossible t o say whether i t i s forming from 
the b i o t i t e or merely nucleating t h e r e . The l a t t e r i s the 
more l i k e l y (Chinner, 1961). S i l l i m a n i t e i s o l d e r than the 
garnet and the r e l a t i o n s h i p between them i s similar" t o t h a t 
between garnet and b i o t i t e ( f i g . 3 8 ) . No k y a n i t e has been 
observed i n any brown s c h i s t s . 

Quartz occurs as i r r e g u l a r l y - s h a p e d g r a i n s w i t h 
considerable range i n s i z e . Some r e c r y s t a l l i s e d quartz 
occurs as masses of very small c r y s t a l s , w h i l e o l d e r 
quartz occurs as s t r a i n e d s t r a g g l i n g g r a i n s t h a t may 
enclose o t h e r m i n e r a l s . H i g h l y lobate margins are not 
found and t h e r e i s no evidence of any m y l o n i t i s a t i o n 
having occurred. The amount of quartz present i s v a r i a b l e 
and has a range of approximately 20-50% of the rock. This 
probably r e f l e c t s d i f f e r e n t p r o p o r t i o n s of sand i n the 
o r i g i n a l sediment. 



F i g . 38 Large euhedra of s i H i m a n i t e grown m 
i n t i m a t e a s s o c i a t i o n with, b i o t i t e . 
Brown s c h i s t 7104-5, PPL, x 64 
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Small rounded zix'con g r a i n s occur r a r e l y i n the 
s c h i s t s . They are t y p i c a l of z i r c o n s t h a t have been i n 
a sedimentary environment, but are smaller and much le s s 
abundant than, the z i r c o n s e x t r a c t e d from the gneisses. 

Opaque minerals are i l m e n i t e , which occurs as 
s k e l e t a l g r a i n s o f t e n i n t e r g r o w n w i t h b i o t i t e ; a su l p h i d e , 
probably p y r i t e s , which occurs as massive i r r e g u l a r 
g r a i n s ; and another s k e l e t a l m i n e r a l which may be g r a p h i t e . 

Composition of the brown s c h i s t s 

M i c r o m e t r i c a n a l y s i s of f o u r s e c t i o n s of brown s c h i s t 
gave the compositions shown i n Table X. Chemical a n a l y s i s 
of a combined sample from the same f o u r specimens gave a 
r e s u l t v e r y s i m i l a r t o the mean of the f o u r micrometric 
analyses. Discrepancies between the chemical and 
micrometric analyses are probably the r e s u l t of e r r o r s i n 
the p o i n t c o u n t i n g . Opaque minerals were not counted and 
since i l m e n i t e i s present t h i s would cause i n a c c u r a c i e s 
i n the T i percentage obtained. The much higher value 
obtained f o r Ca by chemical a n a l y s i s i s probably 
a t t r i b u t a b l e t o m i s i d e n t i f i c a t i o n of p l a g i o c l a s e . I f 
p l a g i o c l a s e were i d e n t i f i e d as c o r d i e r i t e i n the counting, 
or i f i t be g e n e r a l l y more c a l c i c than i t appeared t o 
be from o p t i c a l examination, then the micrometric values 
f o r Mg and Ca would be too h i g h and low r e s p e c t i v e l y . I n 



general the "brown s c h i s t s appear t o be s i m i l a r t o the 
haema t i t e - f r e e s i l l i m a n i t e gneisses from Glen Cova 
described by Chinner (1960), except f o r the de a r t h of 
a l k a l i e s i n the brown s c h i s t s , b ut even some of the 
Glen Cova rocks are d e f i c i e n t i n these elements. 

The o x i d a t i o n s t a t e of the brown s c h i s t s i s also 
s i m i l a r t o t h a t of the haematite-free Glen Cova gneisses 
The o x i d a t i o n r a t i o (mol. percent. (2Fe 20^x100)/ 
( 2 I e o 0 - z + FeO)) of the brown s c h i s t s i s 15«6. This 2 o 
f a l l s comfortably w i t h i n the range of the o x i d a t i o n 
r a t i o s of the Glen Cova gneisses t h a t are devoid of 
haematite and have deep red-brown b i o t i t e . 

Tourmaline associated w i t h brown s c h i s t 

Along the brown s c h i s t - g n e i s s contact tourmaline 
i s o f t e n found. I t occurs i n two forms: e i t h e r as 
l a r g e c r y s t a l s i n t e r g r o w n w i t h quartz i n lens shaped 
pods up t o 5 m lo n g , or as smaller c r y s t a l s r e p l a c i n g 
the usual minerals of the s c h i s t . I n the l a t t e r case 
a hard, b l a c k , shiny rock i s produced which sometimes 
forms a d i s t i n c t h o r i z o n some 20 cm t h i c k near the 
apparent base of the s c h i s t . The qu a r t z - t o u r m a l i n e pods 
occur r i g h t along the contact and the t o u r m a l i n i s e d 
rock w i t h i n 1-2m of the con t a c t , but never i n the gneiss 
Pure quartz veins are o f t e n i n t i m a t e l y associated w i t h 
the t o u r m a l i n i s e d rock, but the quartz and tourmaline 
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are not i n t e r g r o w n as they are i n the pods. The veins 
have margins of blac k brown s c h i s t i n which tourmaline 
has formed ( f i g . 39 ) • The tourmaline i s g e n e t i c a l l y 
associated w i t h the veins because the thic k n e s s of the 
t o u r m a l i n i s e d margin i s propoitLonal t o the thic k n e s s 
of the quartz v e i n ; t h i s can be c l e a r l y seen i n f i g . 3 9 * 

I n t h i n s e c t i o n the tourm a l i n e has formed as 
rounded equant g r a i n s and i t replaces a l l the other 
m i n e r a l s , i n c l u d i n g garnet, which was the l a s t formed 
metamorphic m i n e r a l . Therefore the f o r m a t i o n of the 
tourmaline was a very l a t e stage event. F i g . 4-0 
i s a photomicrograph showing the tourm a l i n e r e p l a c i n g the 
other minerals of the s c h i s t . 

I t i s most l i k e l y t h a t the boron r e q u i r e d t o form the 
tou r m a l i n e was i n t r o d u c e d w i t h the quartz and not d e r i v e d 
from the s c h i s t i t s e l f ; however the l a t t e r p o s s i b i l i t y 
cannot be completely dismissed. I f s u f f i c i e n t boron were 
a v a i l a b l e i n the s c h i s t then i t would probably have become 
mobile v e r y e a r l y i n the metamorphism and tourmaline would 
have formed much e a r l i e r . Zwart (1958) has described a 
s i m i l a r occurrence of tou r m a l i n e - b e a r i n g s c h i s t from the 
C e n t r a l Pyrenees and he concluded t h a t the boron was 
in t r o d u c e d w i t h the qu a r t z . 

The d i s t r i b u t i o n of the tourmaline appears, t o be 
s t r u c t u r a l l y c o n t r o l l e d . I t i s found along the margin 
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marSn S " e i r t e d to the thickness of the vein. 
G r i d square D5» M a P I * 
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F i g . 40 Photomicrograph of a garnet c r y s t a l J £ f ™ 
s c h i s t (E.H.s of photograph) being replaced 
by tourmaline (L.H.s. of photograph). 
Specimen 71099 -PPL* x 10. 



of the schist that faces i n t o the core of the antiform. 
I t has been found at many places along the contact but 
not i n a continuous band. None has been found along 
e i t h e r of the contacts of the eastern schist horizon. 
I t would appear most l i k e l y that the boron r i c h 
solutions percolated up through the gneisses u n t i l 
they reached the brown schist where a favourable 
environment f o r the c r y s t a l l i s a t i o n of tourmaline 
must have existed» 
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Specimen Quartz Cordierite B i o t i t e S i l l i m a n i t e Garnet Plag 
71033 48 .5 28 .9 21.9 0.6 
71047 29.9 8 .9 31.4 7.8 16 .9 5.8 
71044 48 .5 10.3 24.3 7.2 9.7 
71045 23.2 20.8 25.6 15.2 6 .9 8 .1 

71033 70.9 14.2 0.3 
71047 57-4 19.7 0.4 
71044 69-5 13-0 0.4 
71045 55-3 27.9 0.6 
Mean- 63-3 18A7 0.4 
chem. 
mean 61.0 17.5 1-5 

FeO MgO CaO Na20 K 20 T i 0 2 MnO H20 
5-6 4 .9 0 .1 0.3 1.9 0.6 1.2 

12.1 4.1 1.0 0.5 2 .7 0.6 0.2 1.2 
7-7 3-3 1.4 0 .5 2 .1 0.7 0 .1 1 .1 
8.2 4.6 0.8 0 .9 2.2 0.8 0.1 1.5 
8.4 4.2 0.8 0 .5 2.2 0.8 0 .1 1.2 
7-3 3.3 2.5 0 .7 2.0 1 .2 0 .1 1 .1 

TABLE X 
Modal, and calculated oxide analyses of "brown schists w i t h 

one chemical analysis 

Mineral analyses obtained from Deer, Howie and Zussman(l962) 
Cordierite analysis 6, p.276, v o l . 1 
S i l l i m a n i t e analysis 3, p.123, v o l . 1 
Garnet analysis 4, p. 86, v o l . 1 
Plagioclase 
71033 analysis 1, p.114, v o l . 4 
71045 " 11 , p.115, v o l . 4 
71047 " 14, p.117, v o l . 4 
71044 " p.118, v o l . 4 

B i o t i t e analysis 12, p. 64, v o l . 3 

Chemical analysis "by I"b S^rensen 
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CHAPTER SEVEN 

GRANITES AND PEGMATITES 

I n t h i s chapter the rocks of approximately g r a n i t i c 
composition that cut the country rocks are described. 
A simple c l a s s i f i c a t i o n of these younger rocks i s used 
i n the f i e l d . They are described as pegmatites and 
a p l i t e s or granites depending on the form of the body and 
the mineralogy of the rock. E s s e n t i a l l y the terms as used 
here are s t r u c t u r a l terms - pegmatite or a p l i t e i s used to 
describe those bodies that have been deformed w i t h the 
country rock and granite those th a t are younger than the 
main period of deformation. The s t r u c t u r a l c l a s s i f i c a t i o n 
usually corresponds to a mineralogical one i n that 
pegmatites and a p l i t e s contain l i t t l e or nothing apart 
from quartz and feldspar, while granites are f i n e r 
grained and contain essential b i o t i t e or hornblende. I t 
i s not hard and f a s t , however, as undeformed pegmatites 
and deformed granites occur. 

The g r a n i t i c rocks of the Neria Area range i n 
compositions from granite sensu s t r i c t o to granodiorite, 
but the calcium r i c h members of the suite are the most 
abundant. They are a l l called granite i n the f i e l d f o r 
convenience and because they are a l l g e n e t i c a l l y r e l a t e d . 
Petrographically homogeneous gneiss and granite ( s t r i c t l y 
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granodiorite or adamellite) are i d e n t i c a l and they can 
"be distinguished only when the f i e l d r e l a t i o n s are known. 
Most of the granites were formed as the deformation of 
the rocks f i n i s h e d . 

Granites 

Small granites 
The granite bodies occurring i n the two areas are of 

varying size and i r r e g u l a r d i s t r i b u t i o n . Some are small 
veins centimetres wide and metres long, while the largest 
i s hundreds of square kilometres i n extent. On the 
coast granites are found at very few l o c a l i t i e s , and then 
only as small veins or i r r e g u l a r l y shaped bodies, but 
inland granite bodies up to several, hundred square metres 
i n area are found frequently. Both discordant and 
concordant contacts w i t h the country rocks occur i n the 
same body. The granite i n g r i d square C7 (Map I ) shows 
such features. I t i s approximately pear-shaped i n plan 
and has discordant contacts except along i t s southern 
margin 9 I n side elevation the granite has an almost 
v e r t i c a l root that i s sub-parallel to the gneiss banding, 
and then spreads out h o r i z o n t a l l y across the gneiss 
structures. The granite has i n places a very weak 
f o l i a t i o n that i s generally p a r a l l e l to the gneiss f o l i a t i o n , 
and there are also large feldspar porphyroblasts scattered 
i r r e g u l a r l y throughout i t . 
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Similar granites, with features i d e n t i c a l to the one 
described above, although d i f f e r i n g i n shape, occur at many 
l o c a l i t i e s i n the north-west part of the Inland Area, but 
one i n g r i d square E6 (Map I ) shows many of the features 
p a r t i c u l a r l y w e l l , (Fig.41). The inclusions i n t h i s 
body are i n various states of preservations; some are 
p a r t l y assimilated, while others are completely unaltered. 
I n fig.42 two amphibolitic inclusions can be seen, and 
the presence of these shows that movement occurred during 
the formation of the granite because there i s no 
amphibolitic gneiss adjacent to the granite i n i t s 
present s i t u a t i o n . Feldspar porphyroblasts occur i n 
t h i s granite ( f i g . 4 3 ) , and there i s also a part of 
i t t hat i s much coarser grained than the r e s t ( f i g . 4 4 ) . 

Usually the only structure these granites have i s 
an extremely weak f o l i a t i o n . But a small granite i n 
g r i d square F5 has a strong f o l i a t i o n and a weak 
l i n e a t i o n . The granite i s discordant and cuts across 
small folds i n the gneiss. The f o l i a t i o n i s p a r a l l e l to 
that i n the surrounding gneiss and the l i n e a t i o n i s 
p a r a l l e l to the axes of the major folds of the area 
(plunging south-west) which were formed during the l a s t 
phase of deformation. 

The granites described above are c l e a r l y i n t r u s i v e 
i n o r i g i n , but there are a number of small granite 
bodies that appear to have formed by replacement. These 



Discordant contact of granite against banded 
b i o t i t e gneiss. Grid square E6, Map I 



F i g . 42 Amphibolite inclusions i n granite. The small 
i n c l u s i o n on the r i g h t has "been p a r t l y 
transformed,, whereas the large one shows no 
evidence of a l t e r a t i o n . Grid square E6, 
Map I . 



Fig.4-3 Microcline porphyro"blasts i n granite 
Grid square E6, Map I . 



Fig.44 White coarse grained granite i n f i n e r grained 
dark'granite. Grid square E6, Map I . 
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are generally i n the form of dykes and may he up to 5m. 
t h i c k . Fig. 45 shows part of one of these dyke-like 
"bodies that has been f a u l t e d and veined "by epidote. 
The replacive nature of t h i s "body i s shown by the 
presence of palimpsest i s o c l i n a l f o lds of the pre-existing 
banded gneiss. Replacement granite bodies are 
distinguished from i n t r u s i v e ones by the complete absence 
of any shearing along t h e i r margins. Although they are 
approximately p a r a l l e l to the gneiss banding, i n d e t a i l 
t h e i r margins are often discordant to the banding. Their 
contacts are sharp and t r a n s i t i o n zones do not occur. 

I n the same area as t h i s replacement dyke ( g r i d 
square E4 Map I ) a black b i o t i t e schist i s p a r t l y 
transformed to granite, ( f i g . 4 6 ) . The contact between 
granite and schist i s sharp and the only intermediate 
stage seen i s the i n c i p i e n t development of feldspar 
porphyroblasts above the gra n i t e . The porphyroblasts 
r a p i d l y decrease i n abundance upwards. Nuclei and bands 
of granite have developed i n the schist ahead of the main 
mass of gra n i t e . I n the granite i t s e l f there are r e l i c s of 
schist that have not been completely digested ( f i g . 4 7 ) . 
I n t h i n section the r e l i c s are seen to be composed 
l a r g e l y of c h l o r i t i s e d garnets. 
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g. 4-3 Part of a replacement granite body. Palimpsest 
folds of the o r i g i n a l compositional banding can 
s t i l l be seen. The f a u l t p a r a l l e l to the pe n c i l 
i s f i l l e d w i t h epidote. Grid square E4, Map I 



Fig.46 Brown schist p a r t l y g r a n i t i s e d from below. 
The centres of nucleation above the main 
body of granite can c l e a r l y be seen above 
the hammer handle. Grid square G4, Map I 



Fig. 47 Relic schlieren of "brown schist 
below the granite f r o n t seen i n 
f i g . 46 
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Neria Granite 
The large granite body occurring i n the southern 

part of the Inland Area, ca l l e d the Neria Granite, i s 
l a r g e l y replacive i n o r i g i n , but s t r u c t u r a l l y i t i s 
quite d i f f e r e n t from the small discordant granites 
described above. I t does not have a sharp contact 
w i t h the surrounding gneisses, but instead there i s a 
gradual t r a n s i t i o n from granite to normal banded gneiss 
over a distance of 1-2 kms. The contact r e l a t i o n s are 
best; seen i n the large U-shaped v a l l e y forming the 
southern boundary of the Area. An increase i n the 
i n t e n s i t y of veining of the gneiss occurs up the v a l l e y , 
and simultaneously the structures of the gneiss become 
less sharply defined. By the time the 720. lake i s 
reached these two e f f e c t s have changed the rock completely 
and no structures, except f o r a weak f o l i a t i o n , are l e f t . 
I t i s not known whether the f o l i a t i o n at present seen i n 
the granite i s a r e l i c from the gneiss or a new f o l i a t i o n 
formed by r e c r y s t a l l i s a t i o n , under stress. There i s 
comparatively l i t t l e veining i n the granite i t s e l f and 
large areas may be completely homogeneous. But at a 
few l o c a l i t i e s white, sometimes orthite-bearing, coarse­
grained pegmatites intrude the granite. 

More common than pegmatites, however, i s a yotmger 
granite i n t r u d i n g the main, older granite. The younger 
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granite i s seen nearly everywhere hut i t i s p a r t i c u l a r l y 
abundant i n the side v a l l e y branching o f f to the north 
from the main one. The younger granite i s much l i g h t e r 
i n colour than the older and usually occurs i n i r r e g u l a r 
masses, but i n the side v a l l e y there i s a large dyke of 
younger granite c u t t i n g v e r t i c a l l y through the older 
(fig.4-8). The contact r e l a t i o n s between the two 
granites show c l e a r l y that the younger intruded the 
older as very mobile ma t e r i a l . I t must be stressed 
th a t "granite" i s not being used i n the s t r i c t 
petrographical sense as the older granite i s granodiorite 
or even quartz d i o r i t e i n composition. The younger i s 
r a r e l y more potassic than adamellite and i s usually a 
granodiorite. 

The older granite does not intrude the brown 
schist horizon to any appreciable extent, and from the 
fa c t that the schist horizon can be traced i n t a c t f o r a 
great distance i t i s clear that very l i t t l e movement took 
place during the formation of the older granite. I t i s 
probable that s l i g h t movement occurred because the st y l e 
of the f o l d i n g inside the granite i s more i r r e g u l a r than 
th a t outside. At one point the schist horizon i s only 
some 10-20 m. t h i c k , and t h i s thinning may be the 
r e s u l t of str e t c h i n g during the formation of the !granite. 
Any movement that did occur was only l o c a l and i t i s not 
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Fig. 4-8 A wide "dyke" of white younger granite 
c u t t i n g older Neria Granite. Grid 
Square D2, Map I . The mountain i s 
500 m. high 
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suggested t h a t the g r a n i t e was emplaced by i n t r u s i o n of 
a s o l i d mass i n the manner of a s a l t dome. 

To the n o r t h of the N e r i a Granite t h e r e are two 
areas of coarse grained l e u c o c r a t i c granite (Map I ) . Some 
of the contacts of these t o d i e s are sharp and can "be 
e a s i l y mapped, whereas others are g r a d a t i o n a l . 'Th.e form 
the g r a d a t i o n takes i s a gradual increase i n the volume 
of g r a n i t i c m a t e r i a l present i n the country rock, u n t i l 
i s o l a t e d "blocks of gneiss are found i n a l a r g e mass of 
homogeneous p i n k g r a n i t e . The "blocks of country rock 
appear t o have been r o t a t e d since t h e i r i n t e r n a l 
f o l i a t i o n i s o f t e n w i d e l y d i v e r g e n t from the regional-
t r e n d of the gneiss f o l i a t i o n . There i s no g r a d a t i o n 
between the g r a n i t e and the gneiss i n c l u s i o n s i n i t : 
the contacts are completely sharp. The sharp contacts 
of the g r a n i t e mass as a whole are q u i t e discordant t o 
the gneiss s t r u c t u r e s . No r o o t s have been observed t o 
these masses and they have the form of f l a t - l y i n g bodies 
capping the ends of two r i d g e s . 

These two g r a n i t e s are c l e a r l y l a t e bodies, but t h e i r 
r e l a t i o n s h i p s t o the others are not c l e a r as they do not 
i n t e r s e c t any other g r a n i t e s . I t i s u n l i k e l y t h a t they 
are much younger than the N e r i a Granite and l o c a l l y 
abundant o r t h i t e - b e a r i n g pegmatites i n the two n o r t h e r n 
g r a n i t e s suggests t h a t t h e r e i s a connection between them 
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a n d the N e r i a G r a n i t e . The connection may "be t h a t they are 
a l a t e i n t r u s i v e stage of the main g r a n i t e as the f i e l d 
r e l a t i o n s show c l e a r l y t h a t they are i n t r u s i v e and not 
t r a n s f o r m a t i v e i n o r i g i n , t h e i r coarse g r a i n and 
l e u c o c r a t i c character would also f i t i n w i t h such an 
o r i g i n . 

Petrography of the Granites 

Small g r a n i t e s 
True g r a n i t e , i . e . w i t h a l k a l i f e l d s p a r forming a t 

l e a s t two t h i r d s of the f e l d s p a r , occurs at o n l y two 
l o c a l i t i e s , "both i n the n o r t h e r n p a r t of the I n l a n d Area. 
They are b o t h l a t e d i s cordant g r a n i t e "bodies. The body 
described above from g r i d square 07, Map I , i s composed 
predominantly of q u a r t z , a l k a l i f e l d s p a r , and p l a g i o c l a s e . 
The amount of a l k a l i f e l d s p a r ( m i c r o c l i n e ) i n the rock 
v a r i e s throughout the body and i s r e l a t e d t o the g r a i n 
s i z e of the r o c k . The l a t e r , coarse-grained p a r t s of 
the g r a n i t e are much r i c h e r i n m i c r o c l i n e than the 
e a r l i e r , f i n e r - g r a i n e d p a r t s . I t i s c l e a r t h a t 
enrichment I n potassium occurred l a t e r i n the development 
of the g r a n i t e because m i c r o c l i n e i s present i n a l l 
specimens, but i n the f i n e r - g r a i n e d specimens m i c r o c l i n e i s 
present as small i n t e r s t i t i a l patches and p o r p h y r o b l a s t s 
are r a r e or absent. I n the coarse-grained g r a n i t e micro-
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c l i n e and quartz comprise n e a r l y the whole of the rock. 
P l a g i o c l a s e i s v e r y subordinate and mafic minerals are 
almost completely absent. Table X I shows the modal-
compositions of the coarse- and f i n e - g r a i n e d g r a n i t e s 
from t h i s body. The m i c r o c l i n e p o r p h y r o b l a s t s may 
exceed 5 mm* i n diameter i n t h i s rock. I n the f i n e r -
g r ained, more g r a n o d i o r i t i c , rocks the g r a i n s i z e i s 
u s u a l l y 2-4- mm. Vein p e r t h i t e i s common i n the m i c r o c l i n e . -

P l a g i o c l a s e i s present u s u a l l y as rounded porphyro­
b l a s t s , but t h e r e are also more elongate g r a i n s .that have 
vaguely l a t h - l i k e forms. The composition i s u s u a l l y i n 
the range kn.^_^. Many of the n o n - p o r p h y r o b l a s t i c 
p l a g i o c l a s e s have Carlsbad or combined C a r l s b a d - A l b i t e 
t w i n n i n g . This i s taken as evidence of the presence of 
a l i q u i d melt at one stage. I t has been found ( T o b i , 1961) 
t h a t Carlsbad t w i n s do not occur i n metamorphic p l a g i o c l a s e 
except i n a l b i t e p o r p h y r o b l a s t s i n rocks metamorphosed 
under greenschist f a c i e s c o n d i t i o n s . Therefore, p a r t at 
l e a s t of these small g r a n i t e s must have c r y s t a l l i s e d from 
a s i l i c a t e m e l t . The p l a g i o c l a s e p o r p h y r o b l a s t s , however, 
probably developed i n what was e s s e n t i a l l y a s o l i d rock 
immediately a f t e r c r y s t a l l i s a t i o n . S l i g h t s e r i c i t i s a t i o n 
of the p l a g i o c l a s e has occurred and o n l y the smaller 
p o r p h y r o b l a s t s are completely a l t e r e d . 

Quartz i s present i n l a r g e q u a n t i t i e s i n a l l the 
g r a n i t e s and always shows signs of s t r a i n . Two generations 
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are present - an o l d e r and more abundant h i g h l y s t r a i n e d 
g e n e r a t i o n , and a younger s t r a i n - f r e e g e n e r a t i o n of 
drop-quartz. The l a t t e r i s most o f t e n seen enclosed i n 
f e l d s p a r p o r p h y r o b l a s t s hut i t also occurs i n the 
e n c l o s i n g groundmass. The s t r a i n e d quartz o c c a s i o n a l l y 
shows evidence of very weak m y l o n i t i s a t i o n , such as very 
small r e c r y s t a l l i s e d g r a i n s and h i g h l y l o b a t e or even 
amoeboid l a r g e r g r a i n s . Vermicular quartz occurs i n a 
small number of f e l d s p a r g r a i n s , but t r u e myrmekite 
along the i n t e r f a c e s between a l k a l i f e l d s p a r and 
p l a g i o c l a s e i s almost.completely absent. 

The mafic m i n e r a l i s b i o t i t e i n t h i s g r a n i t e and i t 
has formed under s t r e s s because i n t h i n s e c t i o n the 
f l a k e s are a l l a l i g n e d r o u g h l y p a r a l l e l , although no 
f o l i a t i o n may be v i s i b l e i n the outcrop. Much.of the 
b i o t i t e i s f r e s h and dark brown, but some of i t has 
been c h l o r i t i s e d and i s now green. The l a t t e r has 
unusual p u r p l e i n t e r f e r e n c e colours i n basal s e c t i o n s , 
which are probably caused by i n t e r a c t i o n between the 
normal i s o t r o p i c appearance of basal sections and 
the i n t e r f e r e n c e colours of incomplete c h l o r i t i s a t i o n . 
Except i n the coarse-grained p a r t s of the g r a n i t e , 
b i o t i t e i s present i n l a r g e r and b e t t e r preserved 
f l a k e s than the b i o t i t e i n the f e l s i c p a r t s of the 
gneisses. 
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Th e g r a n i t e has a well-developed s u i t e of 

accessory minerals comprising sphene, o r t h i t e , z i r c o n , 

a p a t i t e , epidote, and ore m i n e r a l s . Sphene i s 

p a r t i c u l a r l y s t r i k i n g . I t occurs as abundant, w e l l -

formed, diamond-shaped c r y s t a l s and also as i r r e g u l a r 

and rounded ones. The l a r g e s t c r y s t a l s may be up t o 
1mm. long and be twinned. The pleochroism i s u s u a l l y 

very s t r o n g pale-brown (Y) t o c o l o u r l e s s ( X ) . One 
l a r g e , well-shaped g r a i n has a s t r o n g l y p l e o c h r o i c 
centre and. an almost c o l o u r l e s s non-pleochroic r i m . 

O r t h i t e i s l e s s abundant than sphene but also 
occurs i n u n u s u a l l y l a r g e and well-formed c r y s t a l s . 
A few of the l a r g e r grains have good c r y s t a l faces and 
angles developed. O r t h i t e c r y s t a l s also may be up t o 
1 mm. l o n g . Many of the smaller g r a i n s are completely 
metamict, but the l a r g e ones f r e q u e n t l y have a non-
metamict core and a metamict r i m . Where o r t h i t e abuts 
against b i o t i t e t h e r e i s a b l a c k r i m i n the b i o t i t e 
where r a d i a t i o n from the o r t h i t e has destroyed the 
b i o t i t e c r y s t a l s t r u c t u r e . The metamict o r t h i t e i s 
golden-brown i n colour and i s o t r o p i c , w h i l e the non-
metamict p a r t s are p l e o c h r o i c o l i v e green ( Y ) , and 
pale brown ( Z ) . 

Z i r c o n c r y s t a l s are more abundant i n some: specimens 
of the g r a n i t e than i n the surrounding gneisses, but 
they are not the l a r g e euhedral c r y s t a l s t h a t are found 
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i n some n i g h l e v e l igneous g r a n i t e s . They occur i n t h i s 
g r a n i t e as c l e a r c r y s t a l s t h a t are e x c e p t i o n a l l y up 
to 0.5 mm l o n g . The corners are u s u a l l y rounded hut 
the angles are s t i l l v i s i b l e . Some g r a i n s , however, 
have completely rounded, and others broken, ends. The 
number of z i r c o n s w i t h w e l l - p r e s e r v e d prism faces i s 
much g r e a t e r than i n the gneisses. There i s l i t t l e 
s c r a t c h i n g of the surfaces of the zi r c o n s and they do 
not have the brown appearance of those found i n the 
gneisses. 

Ore minerals comprise up t o 2% of the rock i n the 
f i n e r - g r a i n e d v a r i e t i e s and c o n s i s t of haematite and 
p y r i t e s , w i t h p o s s i b l y also magnetite and i l m e n i t e . 
Haematite i s not u s u a l l y found as an o r i g i n a l 
c o n s t i t u e n t i n the rocks of the area as a whole, and 
does not appear i n the norms of the analysed a m p h i b o l i t e s . 
But i t i s common i n many of the f a u l t and m y l o n i t e zones 
as a v e i n m i n e r a l or f i n e l y disseminated p a r t i c l e s . I t 
i s probable t h a t the haematite i n t h i s g r a n i t e has been 
i n t r o d u c e d a f t e r the f o r m a t i o n of the g r a n i t e , and may 
be r e l a t e d t o the haematite found i n the near-by E-W 
f a u l t . 

The small g r a n i t e i n g r i d square F5 (Map I ) i s very 
s i m i l a r i n t h i n s e c t i o n t o the rocks Just described, but 
has l e s s abundant accessory m i n e r a l s . The modal 
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composition i s given i n t a b l e X I and i t can. be seen 
t h a t the rock i s an. a d a m e l l i t e w i t h a ve r y low 
p r o p o r t i o n of b i o t i t e . The value f o r b i o t i t e i s 
probably low because the s e c t i o n was cut per p e n d i c u l a r 
t o the l i n e a t i o n and f o l i a t i o n . Thus o n l y t h i n , v ery 
i r r e g u l a r ends of b i o t i t e c r y s t a l s appeared i n the 
s e c t i o n . The o r t h i t e appeared t o have had i t s 
c r y s t a l l i s a t i o n c o n t r o l l e d by the s t r e s s f i e l d a c t i n g 
on the g r a n i t e as most of the c r y s t a l s i n the s e c t i o n 
appeared i n c r o s s - s e c t i o n and are c l e a r l y elongated 
p a r a l l e l t o the l i n e a t i o n . 

The presence of 30% m i c r o c l i n e i n t h i s rock suggests 
t h a t i t was formed as one of the l a t e r g r a n i t e s because 
m i c r o c l i n e i s always associated with the l a t e r g r a n i t e s , 
but the s t r u c t u r a l evidence suggests t h a t i n f a c t i t 
was formed e a r l i e r than the other d i s c o r d a n t g r a n i t e s . 
The e x p l a n a t i o n of t h i s c o n t r a d i c t i o n may l i e i n the 
s i t u a t i o n of the g r a n i t e . I t l i e s i n the centre of 
the magor a n t i f o r m where the shearing s t r e s s may have 
l a s t e d longer than on the li m b s , which i s where most 
of the other g r a n i t e s occur. 

The d e s c r i p t i o n s given above i s g e n e r a l l y a p p l i c a b l e 
t o a l l the d i s c o r d a n t g r a n i t e bodies, w i t h o n l y minor 
v a r i a t i o n s , The m i c r o c l i n e w i l l be more or l e s s w e l l 
developed. The accessories may not be so v a r i e d or 
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abundant. Some may c o n t a i n p e g m a t i t i c segregations. 
They are a l l of d i f f e r e n t and i r r e g u l a r shapes and 
si z e s . Apart from these d i f f e r e n c e s , however, they 
are so s i m i l a r t h a t i t i s c l e a r they are a l l r e l a t e d 
and have a common o r i g i n . 

N e r i a g r a n i t e 
The mineralogy of the ol d e r g r a n i t e i n the Ner i a 

Granite i s r e l a t e d t o the composition of the o r i g i n a l 
r o c k from which i t was d e r i v e d . The most common 
paragenesis i s quar t z , p l a g i o c l a s e and b i o t i t e , which i s 
the same c o m p o s i t i o n a l l y , but not t e x t u r a l l y , as the 
a c i d gneiss. Where a former amphibolite occurred, 
hornblende i s found i n the g r a n i t e . Amphibolite 
r e l i c s occur i n g r i d squares Dl and the ol d e r g r a n i t e 
surrounding them contains approximately 10% green 
hornblende i n a d d i t i o n t o the , b i o t i t e ' . The hornblende 
i s c l e a r l y out of e q u i l i b r i u m and i s a r e l i c from the 
o r i g i n a l a m p h i b o l i t e . B i o t i t e occurs as well-formed 
l a t h s , u s u a l l y dark brown i n co l o u r , and imparts a 
weak f o l i a t i o n , t o the rock. P l e o c h r o i c haloes are 
common i n the b i o t i t e s . I n some specimens of the ol d e r 
g r a n i t e i t forms as much, as 25-30% of the rock. S k e l e t a l 
i l m e n i t e i s o f t e n found i n t e r g r o w n w i t h i t . I l m e n i t e i s 
the only common ore mi n e r a l i n t h i s g r a n i t e . 
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The almost complete e x c l u s i o n of a l k a l i f e l d s p a r 
from the o l d e r g r a n i t e shows t h a t i t i s a g r a n o d i o r i t e . 
P l a g i o c l a s e forms 30-40% o f the rock u s u a l l y and occurs 
as i n t e r l o c k i n g g r a i n s g i v i n g the rock a g r a n o b l a s t i c 
t e x t u r e . The usual g r a i n s i z e i s 1-2 mm. but some 
p l a g i o c l a s e c r y s t a l s may have grown t o t w i c e the average 
t o form small p o r p h y r o b l a s t s . Combined C a r l s b a d - a l b i t e 
t w i n n i n g I s common and from g r a i n s w i t h such t w i n n i n g 
a composition of An^^_^^ i s u s u a l l y obtained. The 
presence of such twins supports the f i e l d evidence 
i n d i c a t i n g m e l t i n g and l o c a l i s e d magmatic i n t r u s i o n . 
S a u s s u r i t i s a t i o n has occurred i n much of the p l a g i o c l a s e , 
but i t i s by no means complete. 

Quartz occurs i n the manner usual t o g r a n i t e s of 
t h i s type. The c r y s t a l s are a l i t t l e s maller than the 
p l a g i o c l a s e and they are s t r a i n e d . Sutured margins 
do not occur "on any of the quartz g r a i n s . Small c l u s t e r s 
of u n s t r a i n e d r e c r y s t a l l i s e d quartz occur s c a t t e r e d 
throughout the rock, but they comprise a ver y small 
p r o p o r t i o n of the t o t a l q u a r t z . Vermicular quartz i s 
present i n some small m i c r o c l i n e g r a i n s , but i t i s 
not f r e q u e n t l y found. 

There are fewer accessories than i n some of the 
discordant g r a n i t e s . A p a t i t e , epidote, and z i r c o n are 
s t i l l found, but i n smaller q u a n t i t i e s , except f o r 
epidote which i s an a l t e r a t i o n product anyway. Sphene 
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has not "been seen and o r t h i t e i s very r a r e and forms 
only very small c r y s t a l s when i t i s present. 

The younger g r a n i t e i s t y p i f i e d by a smaller 
p r o p o r t i o n o f mafic minerals than the o l d e r , a weaker 
f o l i a t i o n , and the presence of m i c r o c l i n e . The l a s t 
i s t h e most s i g n i f i c a n t d i f f e r e n c e , but not a l l specimens 
of the younger g r a n i t e c o n t a i n m i c r o c l i n e u n i f o r m l y 
d i s t r i b u t e d throughout. However, they u s u a l l y do and 
i t may form 30-40% of the rock. I t s mode of occurrence 
does not d i f f e r a p p r e c i a b l y from t h a t of the m i c r o c l i n e 
i n the d i s c o r d a n t g r a n i t e s . E t c h i n g and s t a i n i n g 
specimens c o n t a i n i n g the o l d e r and younger g r a n i t e s i n 
contact w i t h one another shows t h a t the m i c r o c l i n e i s 
indeed confined t o the younger g r a n i t e except f o r very 
small m i c r o c l i n e s concentrated along the margin of the 
o l d e r g r a n i t e . This i s explained by permeation of 
pottassium from the younger i n t o the o l d e r g r a n i t e . 
M i c r o c l i n e appears from microscopic examination t o have 
formed a f t e r a l l the other minerals had c r y s t a l l i s e d and 
t h i s i s i n accord w i t h i t being the low temperature form 
of potassium f e l d s p a r . 

P l a g i o c l a s e u s u a l l y forms l e s s than 10% of the 
rock, but one specimen contained o n l y a few small 
i n t e r s t i t i a l g r a i n s of m i c r o c l i n e and had 20-50% of 
p l a g i o c l a s e . P l a g i o c l a s e i n the younger g r a n i t e i s 
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between kn.^ and An^Q i n composition. This rock could 
be seen t o be younger g r a n i t e because i t i n t r u d e d a 
darker g r a n i t e . At the l o c a l i t y where i t occurred, 
however, the o r i g i n a l country rock was apparently 
a m p h i b o l i t e , and i t i s p o s s i b l e t h a t the younger 
g r a n i t e produced from t h i s , w h i l e being more f e l s i c 
than the o l d e r g r a n i t e , was more basic than younger 
g r a n i t e produced from a c i d gneiss. There i s u s u a l l y 
str o n g e r s a u s s u r i t i s a t i o n i n the p l a g i o c l a s e s of the 
younger g r a n i t e than i n those of the o l d e r . 

B i o t i t e i s l e s s abundant than i t i s i n the o l d e r 
g r a n i t e and o f t e n does not impart any f o l i a t i o n t o the 
younger g r a n i t e . Otherwise i t i s very s i m i l a r i n i t s 
mode of occurrence t o t h a t i n the o l d e r g r a n i t e . 
Accessory minerals are the same as those found i n the 
o l d e r g r a n i t e and are again p o o r l y represented. Opaque 
minerals may be completely absent i n some specimens of 
the younger g r a n i t e . 

Pegmatites 
Masses of q u a r t z - f e l d s p a r m a t e r i a l cut a l l the 

country rocks of the N e r i a Area and l o c a l l y form a very 
h i g h p r o p o r t i o n of the t o t a l rock volume. The forms of 
these masses are v e r y v a r i a b l e and range from p a r a l l e l -
sided dyke - l i k e bodies of u n i f o r m s t r i k e and d i p , 
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through p t y g m a t i c a l l y f o l d e d and necked sheets t o l a r g e 
i r r e g u l a r bodies of i n d e f i n i t e shape. Both concordant 
and discordant pegmatites occur, but the former are 
f r e q u e n t l y the r e s u l t of deformation a f t e r emplacement. 
This can. c l e a r l y be seen when app a r e n t l y concordant 
pegmatites can be viewed p a r a l l e l t o the s t r i k e . P i g . 14-
shows such bodies: a h o r i z o n t a l s e c t i o n shows a s e r i e s 
of a p p a r e n t l y concordant t h i n pegmatite v e i n s , but a 
v e r t i c a l s e c t i o n p e r p e n d i c u l a r t o the s t r i k e shows 
disc o r d a n t veins t h a t have been f o l d e d and sheared i n t o 
approximately c o n f o r m i t y t o the l a y e r i n g of the host 
rock. C l e a r l y , f o r t h i s t o happen the s t r i k e of the 
veins cannot d e v i a t e w i d e l y from t h a t of the plane o f 
shearing (Watterson 1967)• Most pegmatite veins show 
some deformation but a few are ap p a r e n t l y undeformed 
( f i g . 4 9 ) , but t h i s does not mean t h a t they were emplaced 
a f t e r a l l deformation was f i n i s h e d because a f l a t plane 
does not n e c e s s a r i l y become curved d u r i n g shearing 
deformation. 

Approximately p l a n a r bodies are most abundant i n 
the gneisses, but they are also found c u t t i n g a l l the 
other rock types whereas the much l a r g e r and more 
i r r e g u l a r l y shaped masses are almost e n t i r e l y confined 
to a mphibolite and brown s c h i s t host rocks. Fig.50 
shows some very l a r g e bodies i n the brown s c h i s t s . 



F i g . 4-9 An ap p a r e n t l y undeformed discordant 
pegmatite c u t t i n g banded gneiss i n 
the Upper B i o t i t e Gneiss Succession. 
G r i d square Bf?, Map I 



F i g . 50 Large l e n t i c u l a r masses of p e g m a t i t i c 
m a t e r i a l enclosed i n "brown s c h i s t . 
G r i d square D4-, Map I 



W i t h the l a r g e v e r t i c a l exposure (some 350 m) i t can 
he seen t h a t the pegmatite bodies do not continue i n 
depth and t h e r e f o r e cannot have been emplaced by 
i n j e c t i o n of magma from below. 

The l a r g e s t development of p e g m a t i t i c m a t e r i a l 
i s i n the Laminated Amphi b o l i t e , as already described 
(page 38 ) i t occupies a major p a r t of the h o r i z o n . 
There i s no evidence t o suggest t h a t i t was formed 
by t r a n s f o r m a t i o n of the a m p h i b o l i t e . A l l contacts 
between the two rocks are sharp. The pegmatite i s 
f o l i a t e d and the f o l i a t i o n i s curved round the i n c l u d e d 
blocks of a m p h i b o l i t e ( f i g . 51) which not i n f r e q u e n t l y 
appear t o have been r o t a t e d as the s t r i k e and d i p of 
the f o l i a t i o n of the blocks bears no resemblance t o 
t h a t of the l o c a l d i p and s t r i k e of the a m p h i b o l i t e 
h o r i z o n . 

At o n l y one l o c a l i t y has a r e a c t i o n r i m been 
observed between a pegmatite and i t s host rock (apart 
from the quartz veins bordered by t o u r m a l i n i s e d brown 
s c h i s t ) and t h a t i s i n the N e r i a G r a n i t e . I n t h i s 
example a p i n k q u a r t z - f e l d s p a r pegmatite 20 cm t h i c k 
has a margin of b i o t i t e r i c h rock one t o two b i o t i t e 
f l a k e s wide. 

Pegmatites can o c c a s i o n a l l y be r e l a t e d t o f o l d s . 
P i g . 52 shows a number of p i n k q u a r t z - f e l d s p a r 



g. 51 Sharp contact between pegmatitic material 
and enclosed block of laminated amphibolite Grid square 16, Map I 



Pink a x i a l plane pegmatites c u t t i m 
small-folded amphibolite gneiss. 
Grid square 5F, Map I I 
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pegmatites t h a t have developed along the a x i a l planes 
of small f o l d s i n the rock. 

Pegmatite mineralogy 
The mineralogy of the great majority of pegmatites 

i n the areas i s very simple and i s comprised of quartz 
and plagioclase. A l k a l i feldspar i s present i n a few 
pegmatites, which are usually pink or red instead of 
white, hut i t has never been seen to "be more abundant 
than plagioclase. Muscovite i s the most common other 
mineral and i t usually occurs as t h i c k hooks of flakes a 
few centimetres across. I n the large masses i n the 
brown schists where the grain size i s smaller b i o t i t e 
occurs and i s uniformly d i s t r i b u t e d throughout the rock 
as small f l a k e s . At one l o c a l i t y on the coast of 
Sermilik Fjord a number of small a c t i n o l i t e - b e a r i n g 
pegmatites were found, but apart from these the only 
other unusual mineral found i n a pegmatite i s the 
o r t h i t e of the eastern part of the Inland Area. The 
o r t h i t e occurs as wel l formed crystals up to 1-2 cm 
long. I t i s l a r g e l y metamict, but some of the larger 
grains r e t a i n a shiny black unaltered core. The 
feldspar c r y s t a l s around the metamict o r t h i t e are 
frequently s p l i t by r a d i a t i n g cracks running out from the 
o r t h i t e . These are the r e s u l t of expansion of the o r t h i t e 
during i t s s e l f - d e s t r u c t i o n . 
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Age of the granites and pegmatites 

Pegmatites 
Pegmatites were formed throughout a long period of 

time as i s shown by the re l a t i o n s h i p s "between d i f f e r e n t 
pegmatite veins, and between veins and f o l d s . Polds 
of a l l ages deform and are cut "by leucocratic veins 
so i t i s clear that such veins were formed throughout 
the whole of the plutonic events to which the rocks 
were subjected, but production was not necessarily 
continuous. The l a t e s t pegmatites were formed very 
l a t e indeed as they cut the Neria Granite, which i s 
thought to have been formed as the f i n a l product of 
the p r e - K e t i l i d i a n plutonism. 

Granites 
The period during which granites were formed was only 

short. They are c e r t a i n l y younger than the main period 
of f o l d i n g and migmatisation because they can i n 
numerous places be seen to cut second period folds and 
pegmatites. No granite has been seen to cut the l a t e s t 
f o l d s , but neither i s there any evidence to suggest 
that the granites were older than t h i s l a t e s t f o l d i n g . 
Since the Neria Granite i s a very large body and since 
the l a s t f o l d i n g gave r i s e to extremely large f o l d s i t i s 
probable that large scale deformation of the Neria 
Granite would have resulted had the f o l d i n g succeeded 
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the formation of the granite. Therefore, i t i s 
concluded th a t the granites were formed at the end of 
the p l u t o n i c events to which the Neria rocks were 
subjected. 

The other l i m i t to the age of the granite i s 
imposed by the metadolerite dykes which are abundant 
i n the region. I n the Neria Area the dykes are a l l 
younger than the granite, but f u r t h e r south the same 
dykes have been demonstrated to be older than 
K e t i l i d i a n granites (Watterson, 1965). Therefore, the 
Neria Area granites are p r e - K e t i l i d i a n . 

Formation of the granite 
For the purposes of description the granites 

have been separated i n t o small discordant bodies and 
the Neria Granite, but because they were formed at the 
same period of time i t i s probable that they are a l l 
g e n e t i c a l l y r e l a t e d and had a common o r i g i n . 

The features of the Neria Granite described above 
point to the Granite being a catazonal granite 
(Buddington, 1959) which formed as an end product of 
the regional metamorphism. The f i e l d and t e x t u r a l 
evidence a l l ind i c a t e that the granite was formed by 
r e c r y s t a l l i z a t i o n of the acid gneisses w i t h only small 
scale movement of elements. Most of the granite i s 
b i o t i t e - b e a r i n g , but l o c a l l y i t i s hornblendic where 
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i t was formed from amphibolite or hornblende gneiss. 
The homogenisation of the gneiss banding took place 
i n both the s o l i d and l i q u i d states. Textural evidence 
such as porphyroblastic plagioclase suggests a l i q u i d 
phase was not involved, but the presence of Carlsbad 
twins indicates otherwise. 

For melting to have occurred volatites ( p r i m a r i l y 
water) must have become available because i n the dry 
at 5Kbars pressure (see below p 181) granite w i l l 
not melt u n t i l a temperature much, i n excess of 700°C 
has been attained. I n wet conditions, on the other 
hand, granite s t a r t s to melt at between 650°C and 
700°C at 5Kbars ( T u t t l e & Bowen 1958, p.122). The 
water content of the Neria Gneisses i s not more than 2% 
as b i o t i t e i s the only water-bearing mineral present. 
At 5 Kbars and 700°C very l i t t l e granite magma w i l l 
form w i t h only 2% water, and i t i s f o r t h i s reason that 
the whole region was not transformed to granite. Thus 
an i n f l u x of water i s the most l i k e l y reason f o r the 
l o c a l i s a t i o n of the Granite. But there i s no clue as to 
i t s source. 

The experimental work done by Winkler and von Platen 
predicts that "granite" melts should be produced i n high 
metamorphic t e r r a i n s provided there i s ample water 
(Winkler, 1965). Winkler (op. c i t . , p.195) describes 
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the melting of a gneiss (gneiss B) which i s very s i m i l a r 
i n composition to the Neria gneisses (50% quartz, 
40% plagioclase, 10% b i o t i t e ) . The f i n a l melt 
obtained from t h i s rock i s almost trondgemitic i n 
composition, as i s the older part of the Weria Granite. 
When the younger part of the Neria Granite i s taken 
i n t o account, however, the experimental, data does not 
f i t the f i e l d evidence. According to Winkler the 
e a r l i e s t melts are r i c h e r i n K than the l a t e r , whereas 
i n the f i e l d the younger granite i s r i c h e r i n K. This 
i s a general r u l e , and from many shield areas, e.g. Central 
A f r i c a , Scandinavia, Scotland, the older granites are 
d e f i c i e n t i n K (granodiorites, trondjemites, etc) and 
the younger are less d e f i c i e n t (adamellites, g r a n i t e s ) . 

The presence of potash feldspare i n younger 
granites i n general may be more easi l y explained by 
reference to the quartz-albite-orthoclase system. As 
water vapour pressure decreases the ternary minimum 
f o r the system moves away from, the a l b i t e apex ( T u t t l e 
and Bowen, 1958, fig.38) and t h i s may r e s u l t i n l a t e r 
formed granites containing potash feldspar. This may 
be the reason f o r the presence of microcline i n the 
Neria Granite, but many of the microcline grains are 
porphyroblasts and t h e i r occurrence i n the younger 
granite i s very s i m i l a r to t h e i r occurrence i n the 
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country gneisses. There i s not, however, any s p a t i a l 
r e l a t i o n s h i p "between the d i s t r i b u t i o n of granite and the 
presence of microcline. The porphyroblastic microcline 
i s best explained by postulating a l a t e , widespread and 
haphazard K metasomatism. The K must have been introduced 
from some outside sources as otherwise i t would have been 
expected to become mobile sooner. There i s at present 
no explanation f o r why the K p r e f e r e n t i a l l y avoided the , 
older granite. The problem of the microcline i s s i m i l a r 
to that posed by the orthoclase porphyroblasts of the 
Shap Granite, but at least at Shap the d i s t r i b u t i o n of 
the porphyroblasts i s c l e a r l y r e l a t e d to the p o s i t i o n 
of the granite boss. 

I t i s of i n t e r e s t to note that Winkler's work provides 
an explanation f o r the resistance of the brown schists to 
g r a n i t i s a t i o n . The mineral assemblage of the brown schists 
i s very s i m i l a r to the restate phase which he suggests 
may be l e f t a f t e r the p a r t i a l melting of A l - r i c h sediments. 
Therefore i t i s to be expected that the brown schists w i l l 
not have melted very much. The main change that has 
occurred i n the brown schist i n the Granite i s the 
c h l o r i t i s a t i o n of the garnet, probably a r e s u l t of 
excessive amounts of water entering the rock. Also 
s i l l i m a n i t e has not been observed i n brown schist obtained 
from inside the Granite, nor has c o r d i e r i t e been p o s i t i v e l y 

i d e n t i f i e d . 



CHAPTER EIGHT 

ORIGINS AND METAMORPHISM OP THE NERIA COUNTRY ROCKS 

Gneisses 
I t has "been shown that the gneisses of t h i s region 

are extremely heterogeneous on the small scale, so that 
a hand specimen can never "be representative of the 
succession as a whole. But on the other hand, when 
each gneiss succession i s considered as a whole i t i s 
remarkably homogeneous. The Lower B i o t i t e Gneiss i s 
indistinguishable from the Upper on petrographical 
grounds, and neither can d i f f e r e n t parts of the same 
succession be distinguished. The Hornblende Gneiss can 
be d i f f e r e n t i a t e d from the B i o t i t e Gneisses, but one 
part i s indistinguishable from another. 

These c h a r a c t e r i s t i c s of small scale heterogeneity 
and large scale homogeneity are t y p i c a l of sedimentary 
sequences. The composition and mineralogy of the 
gneisses suggests that an impure sandstone was the 
most l i k e l y o r i g i n . 

The absence of any o r i g i n a l textures hinders 
i d e n t i f i c a t i o n of the o r i g i n a l sediment, but on the 
grounds of composition and rock association the source 
was probably a greywacke. Arkose i s also a p o s s i b i l i t y , 
but greywacke as defined by P e t t i j o h n (1957) f i t s the 
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available evidence b e t t e r . Pettigohn distinguished 
between arkose and greywacke l a r g e l y on t e x t u r a l and 
mineralogical grounds, but he also describes compositional 
differences. The two rock types are s i m i l a r i n the broad 
features of t h e i r chemistry, but there i s an important 
difference i n the Na and K contents. The oxidation state 
of Pe i s also s i g n i f i c a n t , but that cannot be used i n 
rocks that have been subjected to high grade regional 
metamorphism. Greywackes almost i n v a r i a b l y contain 
more Na than K, whereas i t i s the other way round i n 
arkoses. Table I gives modal composition and derived 
chemical compositions of six of the Neria Gneisses. 
A l l , including the microcline-bearing gneisses, are 
ri c h e r i n Na than K. The present bulk composition of 
the gneisses including pegmatites i s probably the same 
as that of the o r i g i n a l sediment, but to obtain t h i s 
composition an allowance must be made f o r the 
pegmatites. Although an accurate estimate of the volume 
of pegmatite material cannot be made i t i s clear that 
because the pegmatites contain very l i t t l e a l k a l i feldspar 
the amount of K contained i n them w i l l not s i g n i f i c a n t l y 
change the Na/K r a t i o of the gneisses as a whole. Por 
t h i s reason the Na/K r a t i o obtained from the gneiss 
analyses i s probably meaningful. 
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The suite of metamorphosed rocks occurring i n the 
Neria Area i s one that would be expected i n association 
w i t h greywackes. The t h i c k p i l e of sandstones w i t h 
numerous concordant basic igneous rocks, either 
i n t r u s i v e or extrusive, the occasional shaly horizon, 
and very few t h i n impure calcareous bands f i t s w e l l 
i n t o a eugeosynclinal environment where greywackes are 
much more l i k e l y to be found than arkoses* 

Brown Schists 
The same r e s t r i c t i o n s apply to the brown schists as 

to the gneisses; only a few of the usual c r i t e r i a are 
available f o r i d e n t i f y i n g the o r i g i n a l rock. There i s 
no reason to believe the schist i s a metamorphosed 
igneous rock; the small scale heterogeneity and large 
scale homogeneity seen i n the gneisses are also found 
i n the sc h i s t . The greater abundance of mica indicates 
that the rock i s r i c h e r i n A l and Fe than the gneisses 
and the general impression i n that the rock was o r i g i n a l l y 
an argillaceous sediment. 

I t i s impossible to give an exact name to the 
o r i g i n a l sediment because to do that i t i s necessary to 
know the grain size of i t . However, i t i s clear from 
the presence of zircons that the sediment was not a pure 
a r g i l l i t e , but had sandy layers i n i t . Zircons i n 
sediments are associated w i t h the sand f r a c t i o n 
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(Pettigohn, 1957) and. pure shales contain v i r t u a l l y 
no zircons at a l l (Poldevaart, 1955)* The micrometric 
analyses of four schist specimens, table IX, reveal how 
the grain size varies since the silica/alumina r a t i o i s 
r e l a t e d to the grain size ( P e t t i j o h n , 1957} The 
r a t i o varies from 5 ;1 to 2:1 r e f l e c t i n g the i n t e r l a y e r e d 
coarse grained sandy layers and f i n e grained shaly layers. 

The very low Na content (see table IX) of the brown 
schists i s an unusual feature. Less than 1% NagO i s f a r 
lower than the percentages quoted i n P e t t i j o h n f o r what 
are thought to be s i m i l a r rocks, see tables 61 and 62. 
The alumina/soda r a t i o i s used as an index of the 
maturity of sediments and i n the brown schists values 
of up to 50 are found. This f i g u r e i s so large that i t 
i s probably meaningless, but i t i s probable that the 
sediment was very mature. This i s i n marked contrast 
to the gneisses, where i t i s between three and four, 
thus i n d i c a t i n g a very low degree of maturity. 

The change from immature sandstone (gneiss) to 
mature shale ( s c h i s t ) could be a r e s t i l t of a change i n 
the rate of erosion of the source rocks, the a r g i l l i t e being 
deposited during a period of slow erosion which followed 
the wearing down of the surrounding land during the 
deposition of the sandstones. The change back to coarse 
grained sedimentation, i . e . the Upper B i o t i t e Gneiss, 
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would Toe caused "by u p l i f t of the land and subsequent 
rapid erosion. The amphibolite over-lying the schist 
may be the r e s u l t of l i m i t e d v u l c a n i t y associated w i t h 
the u p l i f t . 

Amphibolites and ultr a - b a s i c s 
The o r i g i n of the amphibolites has already been 

b r i e f l y discussed i n Chapter Four and there i t was 
concluded on compositional grounds that they were 
u l t i m a t e l y of igneous o r i g i n . The very constant f i e l d 
r e l a t i o n s h i p s between the amphibolites and ultr a - b a s i c s 
i n d i c a t e that they are g e n e t i c a l l y r e l a t e d and that the 
u l t r a - b a s i c s also were o r i g i n a l l y igneous rocks, and not, 
as S^rensen (1953 & 195^0 has suggested, metasomatised 
sediments. The association of eugeosynclinal sediments 
i s one i n which basic and u l t r a - b a s i c igneous rocks 
would be expected to occur, e.g. the Franciscan of 
C a l i f o r n i a (Fyfe, 1967). 

Some of the amphibolites may have passed through a 
sedimentary stage i n t h e i r development. The' laminated 
amphibolite of the Inland Area and the coast amphibolite 
described above (pp.35 & 45 ) are thought to have been 
sorted by the :sea. I f the lamination were the r e s u l t of 
tectonic a c t i v i t y then i t should have been developed 
generally i n the amphibolites, and the fa c t that i t i s not 
suggests that these laminated amphibolites had a d i f f e r e n t 
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h i s t o r y from the unlaminated i n the pre-plutonic stage. 
A source f o r such rocks could he ash d i r e c t l y from a 
volcano, or a sediment from erosion of an igneous mass 
on land (Kalsbeek, 1965). Walton (1966) has described 
r e l i c p i l l o w s from an amphibolite i n the FrederikshSb 
area, hut no such structures have been seen i n the 
amphibolites described here. 

The comparatively simply mineralogy of the Neria 
u l t r a - b a s i c rocks i s quite d i f f e r e n t from that of the 
Scourian ultr a - b a s i c s described by O'Hara (1961). The 
explanation proposed by Watson (Sutton & Watson, 1951) 
i s more l i k e l y to f i t the Neria rocks than. O'Hara's. 
The f a c t that u l t r a - b a s i c lenses are usually concentrated 
along one of the margins of amphibolites i n the Neria 
Area suggests that they were formed by d i f f e r e n t i a t i o n 
from a basic magma, rather than, the amphibolites 
were formed by reaction between ul t r a - b a s i c magma and hot 
country rock. The present l e n t i c u l a r form of the u l t r a -
basic masses i s the r e s u l t of l a t e r tectonism. Basic 
i n t r u s i o n s as t h i c k as many of the present amphibolite 
horizons could not give r i s e to ul t r a - b a s i c d i f f e r e n t i a t e s 
but the present thickness of the amphibolites i s no guide 
to t h e i r o r i g i n a l thickness. Watterson (1965) has shown 
how extreme the f l a t t e n i n g may be i n some cases. 

I t i s thought u n l i k e l y that the ult r a - b a s i c rocks 
of the Neria Area are of the Alpine type and were 
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introduced separately from the "basic igneous rocks 
(the present amphibolites). Typical Alpine p e r i d o t i t e s 
are indeed found i n environments s i m i l a r to the pre-
K e t i l i d i a n basement of S.W. Greenland (e.g. Turner 
and Verhoogen, 1960). I n addition to the i n v a r i a b l y 
close r e l a t i o n s h i p between basic and u l t r a - b a s i c rocks 
i n the Neria Area there i s also s t r a t i g r a p h i c a l 
evidence to be considered. Ultra-basic rocks are not 
found below the Upper B i o t i t e Gneiss, and are best 
developed i n the Hornblende Gneiss succession. I f the 
u l t r a - b a s i c rocks were derived from depth by tectonic 
a c t i v i t y they should be found at a l l levels of the area. 

Metamorphism 
I t i s clear from the petrographic descriptions 

that the rocks occurring i n the two areas attained t h e i r 
present form under d i f f e r e n t external conditions. This 
i s shown by the f a c t that rocks of the same chemical 
compositions have d i f f e r e n t mineralogical compositions. 
I t i s probable that there i s a gradation between the 
two areas, but as they are not adjacent t h i s has < 
not been seen. The intervening country has been mapped 
by other geologists and i t i s expected that t h e i r work 
w i l l reveal a gradual change, both from east to west and 
from north to south. 
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I t i s not possible to determine the differences 
that e x i s t between the two areas w i t h complete 
c e r t a i n t y because the rocks that are necessary to 
enable t h i s to be done are not found i n both areas. 
Acid gneiss ( b i o t i t e - or hornblende-bearing) i s 
the most abundant rock and occurs everywhere, but 
i t gives very l i t t l e information about the conditions 
under which i t attained equilibrium. A l l that t h i s 
rock reveals i s th a t i t c r y s t a l l i s e d under temperatures 
greater than those encountered i n the greenschist 
fa c i e s . This i s determined from the composition of 
the plagioclase, which i s too calcic to have formed 
under greenschist facies conditions (Turner & Verhoogan, 
1960, p.533)« The ultimate temperature and pressure 
attained cannot be determined; nor have v a r i a t i o n s 
of temperature and pressure w i t h i n the wide l i m i t s of 
the amphibolite facies l e f t any trace. 

I d e a l l y both basic and p e l i t i c (or s e m i - p e l i t i c ) 
rocks should be present i n the same place, but i n the 
Neria Area se m i - p e l i t i c rocks are confined to the 
north-eastern parts. They are found i n the Inland 
Area and to the north of i t , but not to the west and 
to the east the Inlandice conceals the rocks. The 
horizon of semi-pelites can be traced through the 
Neria. Granite to the south f o r some distance, but 
i t i s eventually l o s t under the i c e . 
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Rocks of basic composition i . e . amp h i "bo l i t e s, are 
found everywhere i n the N e r i a Area and thus comparisons 
between d i f f e r e n t p a r t s of the Area must be based on 
i n f o r m a t i o n o b t a i n a b l e from them. Although basic rocks 
are c o n s i d e r a b l y more s e n s i t i v e t o v a r i a t i o n s i n 
temperature than are a c i d gneisses, they are l e s s 
s e n s i t i v e than p e l i t e s , p a r t i c u l a r l y i n the upper 
p a r t of the amphibolite f a c i e s . Thus when only 
amphibolites are a v a i l a b l e i t i s impossible t o say t o 
which subfacies of the amphi b o l i t e f a c i e s they belong. 

The data a v a i l a b l e f o r determining the c o n d i t i o n s 
of metamorphism are b a s i c a l l y : -

i ) The presence of s i l l i m a n i t e i n the brown s c h i s t , 
i i ) The presence of c o r d i e r i t e i n the brown s c h i s t , 

i i i ) The presence of garnet i n the brown s c h i s t , 
i v ) The absence of orthopyroxene i n basic rocks, 
v) The d i s t r i b u t i o n of garnet i n basic rocks. 

From i ) the temperature of metamorphism must have 
been at l e a s t 500°C (Newton, 1966). From i v ) the 
temperature must have been l e s s than 700°C (Winkler, 1967). 
From i i ) and i i i ) but e s p e c i a l l y from i i ) , the pressure 
must have been between 3-5 axi-d 5-5 Kbars i f the 
temperature l i m i t s _ are 500°C t o 700°C (Schreyer and 
Yoder, 196-4-) . Because the brown s c h i s t s are d e f i c i e n t 
i n K n e i t h e r muscovite nor or t h o c l a s e were able t o 
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develop, and thus i t i s impossible t o determine whether 
the rocks belong t o the muscovite or ort h o c l a s e sub-
f a c i e s of the amphibolite f a c i e s . F i g s . 53 and 5^ taken 
from Winkler (196?) and Chinner (1962) r e s p e c t i v e l y 
show the s t a b i l i t y r e l a t i o n s h i p s thought t o apply t o 
the brown s c h i s t s . F i g . 53 also has the i n l a n d 
amphibolites p l o t t e d on i t , and from t h i s i t appears 
t h a t t h e o r e t i c a l l y a l a r g e p r o p o r t i o n of them should 
c o n t a i n d i o p s i d e . The f a c t t h a t s a l i t e i s r a r e l y present 
i s f u r t h e r evidence t h a t something other than b u l k rock 
composition, pressure and temperature had a l a r g e influence 
on the mineralogy of these rocks. 

I n the Coast Area a l l t h a t can be determined w i t h 
c e r t a i n t y i s t h a t the temperature was not more than 
700°C because again the basic rocks do not c o n t a i n more 
than one pyroxene. Those rocks t h a t c o n t a i n orthopyroxene 
e i t h e r alone or w i t h clinopyroxene, are not of basic 
composition, but are r i c h e r i n Mg or are u l t r a - b a s i c . 
According t o Shido (1958) amphibolites which c o n t a i n 
garnet were formed under higher pressure than those t h a t 
do n o t , but she does not give a pressure l i m i t below 
which garnet w i l l not form. Hietanen (1956) records 
g a r n e t i f e r o u s amphibolites and c o r i e r i t e - b e a r i n g 
s c h i s t s from the same d i s t r i c t of Idaho. Therefore, 

the presence of garnet i n amphibolite does not mean the 
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upper l i m i t of the s t a b i l i t y f i e l d of c o r d i e r i t e has 
been exceeded. E x t r a p o l a t i n g t h i s t o the N e r i a Area i t 
i n d i c a t e s t h a t the c o n f i n i n g pressure i n the Coast Area 
was not n e c e s s a r i l y g r e a t e r than t h a t i n the I n l a n d Area. 
Although i t cannot be proved t h a t the c o n f i n i n g pressure 
the two areas was the same, i t i s more l i k e l y t h a t i t 
was than was not because t h e r e i s a r e l a t i v e l y s h o r t 
d i s t a n c e s e p a r a t i n g the two areas. I n Japan h i g h and 
low pressure metamorphic b e l t s l i e side by side and l e s s 
than 50 km. separate areas of h i g h and low pressure 
metamorphism ( M i y a s h i r o , 1961), but i t i s u n l i k e l y 
t h a t t h i s i s the case i n the N e r i a Area because :that 
Area i s p a r t of the Canadian S h i e l d and i s not s i t u a t e d 
on the margin of a c o n t i n e n t . 

From i n f o r m a t i o n p r o v i d e d by other g e o l o g i s t s 
working i n the N e r i a Area i t appears t h a t the amphibolite 
hecome g a r n e t i f e r o u s t o the n o r t h of the N e r i a Granite as 
w e l l as t o the west. To the south the geology i s made 
more complex by the appearance of younger s u p r a c r u s t a l s 
and the d i s t r i b u t i o n of garnets t h e r e i s not known. But 
at l e a s t t o the n o r t h and west g a r n e t i f e r o u s amphibolites 
appear t o be c o n c e n t r i c a l l y arranged around the G r a n i t e . 
I t i s suggested, t h e r e f o r e , t h a t water "became a v a i l a b l e 
i n the area where the Granite i s now found and t h a t as 
t h i s spread out through the gneisses and amphibolites 
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the anhydrous hornblende - s a l i t e - a l m a n d i n e - p l a g i o c l a s e 
assemblage was replaced by the hydrous hornblende-
p l a g i o c l a s e assemblage. Comparison of m i n e r a l compositions 
shows t h a t combinations of almandine and s a l i t e p l u s water 
are r o u g h l y e q u i v a l e n t t o tschermakite, w i t h probably 
changes i n the quartz and p l a g i o c l a s e contents of the 
rocks. 

Metamorphic f a c i e s s e r i e s 
The concept of metamorphic f a c i e s s e r i e s i n t r o d u c e d 

by Miyashiro i n 1961 has been g r a d u a l l y r e f i n e d u n t i l at 
present h i s o r i g i n a l f i v e f a c i e s s e r i e s have been 
increased t o e i g h t (Hietanen, 1967)• A l l the d i f f e r e n t 
f a c i e s s e r i e s pass through the same range of temperature 
but they form under d i f f e r e n t pressure c o n d i t i o n s . I t i s 
the pressure, and thus fundamentally the geothermal 
g r a d i e n t , t h a t d e f i n e s each s e r i e s . Each of the e i g h t 
s e r i e s recognised at present i s but an example of the 
parageneses t h a t are t o be expected, and t h e r e i s 
probably a continuous g r a d a t i o n from the very low 
pressure contact metamorphism t o the extremely h i g h 
pressure A l p i n e metamorphism. 

To determine the type of metamorphism o p e r a t i v e 
i n any area i t i s necessary t o be able t o see a g r a d a t i o n 
from the low grade t o the h i g h . I f t h i s can be done I t 
i s p o s s i b l e t o t r a c e the m i n e r a l o g i c a l changes t h a t 
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progressed. But the p r e - K e t i l i d i a n "basement rocks of 
S.W. Greenland have a l l been metamorphosed t o the same 
grade and thus the progressive development of the 
metamorphism cannot be t r a c e d . The s i t u a t i o n i s 
complicated by the f a c t t h a t the rocks must have been 
h e l d at h i g h grade f o r some time as n e a r l y a l l , the 
r e l i c m i n e r a l s from the lower grades were destroyed. 
The o n l y exception t o t h i s i s the presence of some 
pre-hornblende a c t i n o l i t e i n c e r t a i n a m p h i b o l i t e s , 
but t h i s o n l y confirms t h a t the rocks were not 
metamorphosed under h i g h pressure c o n d i t i o n s . The 
brown s c h i s t s do not c o n t a i n any r e l i c s such as 
s t a u r o l i t e , k y a n i t e , or a n d a l u s i t e which would have 
been much more h e l p f u l i n r e v e a l i n g the path by which 
the rocks reached t h e i r present m i n e r a l o g i c a l 
compositions. By comparison w i t h other metamorphosed 
t e r r a i n s i t i s p o s s i b l e t o come t o some conclusions 
about the type of metamorphism t h a t was o p e r a t i v e i n the 
Neri a Area. Reference t o f i g . 1 of Hietanen (1967) 
shows immediately t h a t any one of f o u r types of 
metamorphism - Japan, Buchan, Pyreneean, or Idahoan -
could have l e d t o the d i s t i n c t i v e assemblage of the 
Neri a rocks, v i z . the b i o t i t e - q u a r t z - p l a g i o c l a s e -
s i l l i m a n i t e - c o r d i e r i t e - a l m a n d i n e assemblage of the 
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brown s c h i s t s . 
Amphibolites from the C e n t r a l Abukuma Plateau 

(Japan type of metamorphism of Hietanen) do not 
c o n t a i n garnet ( M i y a s h i r o , 1958; Shido, 1958). 
Shido and Miyashiro decided t h a t the ahsence of garnet 
i s the r e s u l t of low pressure metamorphism and not 
"wet" metamorphism. Therefore i t i s probable t h a t 
metamorphism i n the N e r i a Area took place at higher pressure 
than t h a t which p r e v a i l e d i n the Abukuma Plateau. 
Basic igneous rocks were not i n v o l v e d i n the metamorphism 
of the Bosost d i s t r i c t , C e n t r a l Pyrenees (Zwart, 1962) 
and t h e r e f o r e d i r e c t comparison w i t h Bosost cannot 
be made. But from the Merrimac Area, C a l i f o r n i a , H i e t a n e n 
(1951) n a s described rocks which she s t a t e s belong t o the 
Pyreneean type of metamorphism (Hietanen, 1967) } and i n 
these rocks garnet i s not found i n the amp h i b o l i t e s . Nor 
i s garnet present i n the metabasites of the type area of 
Buchan type metamorphism (Read, 1952). Therefore t h e r e i s 
no evidence t h a t pressure was lower i n the N e r i a Area than 
i n the Ythan V a l l e y or Bosost. The brown s c h i s t s of 
the N e r i a Area have a higher p r o p o r t i o n of garnet than 
do the s c h i s t s of the Bosost r e g i o n (Zwart, 1962). 
This may be an. i n d i c a t i o n t h a t pressure was higher i n 
the N e r i a Area, but garnet i s abundant i n theAbukuma 

Plateau s c h i s t s where pressure i s "believed t o have been 
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lower than at Bosost. Therefore the abundance of garnet 
i n s c h i s t cannot be taken as a guide t o the pressure. 

I t i s most probable t h a t the Idahoan type of 
metamorphism p r e v a i l e d i n the N e r i a Area since i t i s 
c l e a r t h a t B a r r o v i a n type metamorphism took place at 
h i g h e r pressure than occurred i n the N e r i a Area. This 
i s proved by the absence of c o r d i e r i t e from the s c h i s t 
o f the South-East Highlands of Scotland (Barrow, 1893). 
Read (1927) has described rocks of B a r r o v i a n type from 
Deeside and he, u n l i k e Barrow, described the petrography 
of the metabasites. I t appears t h a t . g a r n e t i s almost 
e n t i r e l y absent; one specimen i s recorded as having 
s k e l e t a l garnet euhedra. This p a r t of the S.E. Highlands 
i s i n t e n s e l y g r a n i t i s e d (Barrow, 1893; Read, 1927), as 
i s the eastern p a r t of the N e r i a Area, and i t i s thus 
probable t h a t the metamorphism was "wet" and t h a t even 
under the h i g h pressure c o n d i t i o n s t h a t p r e v a i l e d 
t here anhydrous garnet was unstable i n rocks of basic 
composition. I t appears, t h e r e f o r e , t h a t the absence 
or presence of garnet i n a metabasite does not prove 
t h a t the rock was formed under low or h i g h pressure, 
but i s more probably an i n d i c a t i o n t h a t the metamorphism. 
was "wet" or "dry". 
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Parageneses of the Metamorphic rocks 

Gneisses 

There i s ve r y l i t t l e t o he s a i d about these because 
they are so i n s e n s i t i v e t o changes i n temperature and 
pressure. The o n l y c l e a r f e a t u r e of these rocks i s t h a t 
quartz r e c r y s t a l l i s e d at a very l a t e stage d u r i n g 
l o c a l i s e d m y l o n i t i s a t i o n and t h a t p l a g i o c l a s e and 
K-feldspar grew p o r p h y r o b l a s t i c a l l y on more than one 
occasion. 

Amphibolites 
The amphibolites also have a simple mineralogy and 

the r e i s o n l y l i t t l e evidence t o suggest t h a t t h e r e were 
se v e r a l p e r i o d s of metamorphism i n which minerals were 
produced. I n the I n l a n d Area the absence of garnet and 
the presence of r e l i c clinopyroxene has already been noted 
and a s c r i b e d t o the i n f l u e n c e of water from the N e r i a 
G r a n i t e . The f o r m a t i o n of the g r a n i t e was a l a t e event 
and t h e r e f o r e the d e s t r u c t i o n of garnet and s a l i t e must 
also be l a t e , i . e . a f t e r the th r e e recognisable periods of 
f o l d i n g were f i n i s h e d . This change i n mineralogy was 
probably not accompanied by a general r e c r y s t a l l i s a t i o n of the 
am p h i b o l i t e s . I f i t had been, then the f i n e scale l a m i n a t i o n 
i n the laminated amphibolite would probably have been 
destroyed. The t r e m o l i t e - a c t i n o l i t e c r y s t a l s found 
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o c c a s i o n a l l y i n the amphibolites of the I n l a n d Area are 
u s u a l l y r e l i c s from a lower grade of metamorphism. through 
which the rocks passed i n order t o reach the amphibolite 
f a c i e s , but i n one p a r t i c u l a r a mphibolite t r e m o l i t e -
a c t i n o l i t e was formed r e t r o g r e s s i v e l y a f t e r the hornblende 
( f i g . 2 5 ) * The r e t r o g r a d e a c t i n o l i t e occurs o n l y where 
hornblende and o l d e r a c t i n o l i t e c r y s t a l s are i n close 
contact and t h i s accounts f o r the absence of r e t r o g r a d e 
a c t i n o l i t e elsewhere because a c t i n o l i t e c r y s t a l s found 
i n other amphibolites are i s o l a t e d and surrounded by 
rims of a l t e r a t i o n products. 

Brown S c h i s t s 
These rocks are more complex m i n e r a l o g i c a l l y than 

amphibolites or gneisses and more conclusions can be 
drawn concerning t h e i r development than can be drawn f o r 
any other rocks. B i o t i t e i s the o l d e s t metamorphic 
m i n e r a l present ( t h e few small z i r c o n c r y s t a l s are much 
o l d e r , but they are r e l i c s from the sedimentary stage and 
have not been r e c r y s t a l l i s e d i n the metamorphism) and was 
developed d u r i n g the f i r s t p e r i o d of f o l d i n g when the 
f o l i a t i o n was imposed on the rocks. B i o t i t e d i d not 
develop t o any great extent i n the second p e r i o d of 
f o l d i n g . Fig.55 shows a second phase f o l d i n the 
brown s c h i s t w i t h a s t r o n g axial, plane f o l i a t i o n . I n 
t h i n s e c t i o n the f o l i a t i o n i s seen t o be composed of 



F i g . 55 Garnet c r y s t a l s grown across the 
a x i a l plane f o l i a t i o n of a second 
p e r i o d small f o l d . G r i d sguare E6, 
Map I . 



small c r y s t a l s of quartz and p l a g i o c l a s e . S c a t t e r e d 
throughout the rock are a few p l a t e s of Toiotite whose 
o r i e n t a t i o n can he at any angle t o the new f o l i a t i o n . 
There i s no s i l l i m a n i t e or c o r d i e r i t e i n t h i s rock so 
no conclusions can Toe drawn concerning the r e l a t i o n s h i p 
between them and the f o l d i n g . Garnet was formed l a t e r 
than the second phase of f o l d i n g because w e l l preserved 
garnet c r y s t a l s cut the a x i a l plane f o l i a t i o n of the 
f o l d described above ( f i g . 5 5 ) • Ik© presence of garnet 
i n t he neosome of the migmatised brown, s c h i s t also 
i n d i c a t e s t h a t the f o r m a t i o n of garnet occurred a f t e r 
the second f o l d i n g . The garnet could not have been, 
formed before the m i g m a t i s a t i o n because i n view of the 
ease w i t h which i t can be c h l o r i t i s e d i t would not 
su r v i v e the t r a n s f o r m a t i o n of brown s c h i s t i n t o a quartz 
f e l d s p a r rock. 

The time of f o r m a t i o n of c o r d i e r i t e and s i l l i m a n i t e 
cannot be determined p r e c i s e l y , but i t probably was 
between the f i r s t and second periods of f o l d i n g . These 
two minerals are. younger than b i o t i t e and o l d e r than 
garnet and they are also o l d e r than the m i g m a t i s a t i o n as 
they are never found i n the neosome of the m i g m a t i t i c 
brown s c h i s t . The f o r m a t i o n of c o r d i e r i t e i s favoured 
by c o n d i t i o n s f r e e of s t r e s s (Harker, 1959) and. t h e r e f o r 
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i t i s probable t h a t i t was formed a f t e r the deformation 
t h a t produced the f i r s t phase f o l d s was f i n i s h e d . 
S i l l i m a n i t e i s a h i g h temperature m i n e r a l and t h e r e f o r e 
i t would have formed l a t e i n the metamorphic process, 
when the h i g h e s t temperatures were reached, s h o r t l y 
a f t e r c o r d i e r i t e . 

Table X I I ( p . 24-3) summarises the m i n e r a l parageneses 
and r e l a t e s them t o the main s t r u c t u r a l and p l u t o n i c 
events i n the N e r i a Area. 
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CHAPTER NINE 

DYKES 

There are many dykes c u t t i n g the gneisses and they 
range i n th i c k n e s s from tens of centimetres t o over 100m. 
They can he d i v i d e d i n t o t h r e e main groups: the 
pre-Gardar ( K u a n i t i c ) , Gardar, and post-Gardar. 

F i e l d R e l a t i o n s 

K u a n i t i c dykes 
The K u a n i t i c dykes were formed over a longer p e r i o d 

than the others and w h i l e most of them are probably 
p r e - K e t i l i d i a n , some of those t o the south of 
Ser m i l i g a r s s u k F j o r d are almost c e r t a i n l y p o s t - K e t i l i d i a n . 
The age r e l a t i o n s of these dykes t o the gneisses on the 
r e g i o n a l scale are discussed i n Bridg_water (19&5,pp20-22). 

The K u a n i t i c dykes are dark green or b l a c k i n c o l o u r , 
are f r e q u e n t l y weathered to a hard smooth surface and are 
o c c a s i o n a l l y sheared. The shearing i s o f t e n r e s t r i c t e d 
t o the margins, b u t some are s t r o n g l y sheared throughout. 
There i s no u n i f o r m i t y t o the shearing, the dyke; may be 
sheared f o r the whole of i t s l e n g t h or only l o c a l l y 
sheared. Shearing i s o f t e n p a r t i c u l a r l y i n t e n s e where 
two dykes c u t , and i n such circumstances the age 
r e l a t i o n s h i p s cannot be determined. Many of the dykes 
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are p o r p b y r i t i c . The phenocrysts are p l a g i o c l a s e and 
vary i n s i z e from l i t t l e more than the groundmass size 
t o l a r g e nuggets several centimetres across. The most 
common arrangement i s f o r the phenocrysts t o he 
concentrated i n a hand along the centre of the dyke and 
the margins t o "be n o n - p o r p h y r i t i c ( f i g . 5 6 ) . The 
d i s t r i b u t i o n of phenocrysts i s not always u n i f o r m along 
the dykes. The dyke seen i n f i g . 56 f o r example, i s 
n o n - p o r p h y r i t i c some two k i l o m e t r e s along the s t r i k e t o 
the west. 

The d i f f e r e n t generations of K u a n i t i c dykes found 
i n the I n l a n d Area are:-
Youngest: 

HE Two 10 m. t h i c k dykes 
SE-ESE Several dykes, up t o 25-30m t h i c k . 
NE Main generation of dykes, up t o 5^m. t h i c k , 

and o f t e n make en echelon breaks. 
Oldest: 

N(approx.) Two or three pale green dykes l e s s than 
10 m. t h i c k , and s t r o n g l y e p i d o t i s e d . 

On the Coastal Area the generations are d i f f e r e n t : -
Youngest: 

E One t h i c k dyke more than 50 m. t h i c k . 
Two generations 

NE One generation s t r i k e s 060 and the other 040 
The 040 dykes are younger than the 060. 



Fig.56 P o r p h y r i t i c pre-Gardar dyke. The !main 
c o n c e n t r a t i o n of phenocrysts can "be 
seen along the centre of the dyke,to the 
r i g h t of the hammer. G r i d square 5E, 
Map I I . 
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Oldest: 
E Several dykes approximately 5 m. t h i c k . 

These are p a r a l l e l t o the youngest dyke. 

Gardar dykes 
These are much le s s abundant than the K u a n i t i c dykes 

and counted i n ones and twos r a t h e r than i n scores. They 
have a d i s t i n c t i v e red brown colour and u s u a l l y have 
d o l e r i t e sandy weathering. T h i s , combined w i t h the 
f a c t t h a t they are unmetamorphosed d o l e r i t e s makes them 
e a s i l y recognisable i n the I n l a n d Area. On the coast, 
however, i t i s more d i f f i c u l t because most of the 
dykes there are u n a l t e r e d and a number of the K u a n i t i c 
dykes have the sandy weathering. The behaviour of the 
dykes a t f a u l t s taken i n c o n j u n c t i o n w i t h t h e i r s t r i k e 
w i l l u s u a l l y show whether the dyke i s Gardar or n o t . 
Gardar dykes u s u a l l y s t r i k e WE or SE, and a dyke w i t h 
one of these d i r e c t i o n s t h a t crosses f a u l t s w i t h o u t 
being d i s p l a c e d i s probably Gardar. There i s o n l y one 
Gardar dyke on the Coastal Area and t h a t s t r i k e s n o r t h - e a s t . 

I n l a n d t h e r e are f o u r l a r g e (60-70m. t h i c k ) Gardar 
dykes s t r i k i n g EE and s e v e r a l smaller (ca.10m. t h i c k ) 
ones p a r a l l e l t o t h i s d i r e c t i o n and. at r i g h t angles t o 
i t . Where i n t e r s e c t i o n s can be seen the WE group i s 
younger than the SE. P o r p h y r i t i c and n o n - p o r p h y r i t i c 
Gardar dykes are found. 
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I n the I n l a n d Area a number of small dykes (up t o 
5 m t h i c k ) s t r i k i n g "between 120° and 160° are found* 
They are a d i s t i n c t i v e grey-brown colour and always 
have p o r p h y r i t i c centres and n o n - p o r p h y r i t i c margins 
( f i g . 5 7 ) • They cut K u a n i t i c dykes and are cut themselves 
by the N E - s t r i k i n g Gardar dykes, but i t i s not known, 
whether they are e a r l y Gardar dykes or l a t e K u a n i t i c 
dykes. I n view of the f a c t t h a t these grey-brown dykes 
are mainly f r e s h d o l e r i t e s i t i s probably more l i k e l y 
t h a t t h e y are e a r l y Gardar dykes. 

Post-Gardar Dykes 
T.D. (Trap Diabase) i s the name given t o a group 

of unmetamorphosed d o l e r i t e dykes s t r i k i n g almost N-S 
along the coast. They are not found i n l a n d a t a l l , b u t 
on the coast may extend f o r many tens of k i l o m e t r e s . 
Four of them cut across the Coast Area, b u t they are 
not continuous. They can be 30-40 in. t h i c k , but there 
are o f t e n breaks of sev e r a l k i l o m e t r e s . Sometimes they 
disappear a b r u p t l y and sometimes they g r a d u a l l y t h i n t o 
n o t h i n g over some d i s t a n c e . They are very s i m i l a r t o 
Gardar Dykes i n appearance, but are s l i g h t l y redder i n 
colo u r and there i s o f t e n a d i s t i n c t v e g e t a t i o n change 
over them, (The grass i s l i t e r a l l y greener on the sandy 
s o i l produced by the weathering of these dykes). 
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F i g . 57 Grey "brown p o r p h y r i t i c dyke. G r i d square C6 
Map I . ( F i g s . 56 and 57 show c l e a r l y the 
c o n t r a s t i n amount of exposure "between the 
Coast and I n l a n d Areas). 
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These dykes are younger than a l l the others and 
are also younger than the f a u l t i n g . There are T.Ds. 
di s p l a c e d "by f a u l t s h u t these occurrences are extremely 
r a r e . Where th e y cut f a u l t s , however, there i s o f t e n 
a s l i g h t l a t e r a l displacement of the dyke, but t h i s 
i s caused d u r i n g the i n t r u s i o n of the dyke and i s not 
f a u l t i n g . 

The age of these dykes i s not known w i t h c e r t a i n t y . 
They were as c r i b e d t o the T e r t i a r y at f i r s t , b u t a f t e r 
d a t i n g of one from the Frederikshab area they are now 
p r o v i s i o n a l l y put i n the Mesozoic (O.Larsen, 1966). 

Dyke Petrography 

K u a n i t i c dykes 
P e t r o g r a p h i c a l l y these dykes are predominantly 

o l i v i n e d o l e r i t e s . U s u a l l y the p l a g i o c l a s e s occur as 
w e l l preserved l a t h s and o p h i t i c t e x t u r e i s common. On 
the coast some dykes have been subjected t o a weak 
autometajnorphism or l o c a l m y l o n i t i s a t i o n . This was 
not a r e g i o n a l metamorphism because younger dykes may 
be a l t e r e d w h i l e o l d e r dykes are s t i l l f r e s h d o l e r i t e s . 
The form the a l t e r a t i o n takes i s a u r a l i t i s a t i o n of the 
pyroxenes, b u t the igneous t e x t u r e i s o f t e n preserved. 
I n l a n d , however, a weak r e g i o n a l metamorphism has 
a f f e c t e d the K u a n i t i c dykes. This i s shown by a l l the 
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pyroxenes "being a l t e r e d t o an u n i d e n t i f i a b l e f i b r o u s 
amphibole. These dykes are best described as 
m e t a d o l e r i t e s as the igneous t e x t u r e s are u s u a l l y 
preserved. A few dykes have been more s t r o n g l y a l t e r e d 
and are now t r u e amphibolites w i t h no r e l i c igneous 
t e x t u r e s . 

Gardar dykes 
These dykes also are o l i v i n e d o l e r i t e s and show no 

evidence of having been metamorphosed. The aug i t e 
f r e q u e n t l y has a brownish t i n t and i s t h e r e f o r e s l i g h t l y 
t i t a n i f e r o u s . Accessory minerals i n c l u d e a p a t i t e , i r o n 
oxides, and o c c a s i o n a l l y b i o t i t e . I n some dykes the 
a p a t i t e and i r o n ore may be ver y abundant. 

The grey-brown p o r p h y r i t i c dykes show signs of 
having been s l i g h t l y metamorphosed. The pyroxenes show 
i n c i p i e n t u r a l i t i s a t i o n , b u t they are much le s s a l t e r e d 
than the pyroxenes i n the K u a n i t i c dykes from the I n l a n d 
Area. Therefore they are l a t e r than the s l i g h t r e g i o n a l 
metamorphism which a f f e c t e d the K u a n i t i c dykes. 

Post-Gardar dykes 
The youngest dykes are again o l i v i n e d o l e r i t e s and 

show o n l y a v e r y weak and l o c a l l y developed autometamorphism. 
P e t r o g r a p h i c a l l y they are i n d i s t i n g u i s h a b l e from the 
Gardar dykes. 
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Discordant Ampbibolites 

A l l the di s c o r d a n t amphibolites found i n the Neria 
Area are t h i n sheets g e n e r a l l y not more than 1 m. t h i c k . 
They may have any d i p from h o r i z o n t a l t o v e r t i c a l and 
cannot he t r a c e d f o r more than a few metres along t h e i r 
s t r i k e . There are undoubtedly many more than have so 
f a r been recognised because any which happen t o be 
concordant w i t h the gneiss s t r u c t u r e s cannot be 
d i s t i n g u i s h e d from amphibolite bands which were p a r t of 
the o r i g i n a l succession. The K u a n i t i c dykes which have 
been a m p h i b o l i t i s e d are not classed as di s c o r d a n t 
amphibolites because they have not been subjected t o 
p l u t o n i c c o n d i t i o n s i n which complete r e c r y s t a l l i s a t i o n : 

occurred, whereas the t r u e d i s c o r d a n t amphibolites have 
been completely r e c r y s t a l l i s e d and are no longer 
recognisable as igneous rocks on p e t r o g r a p h i c grounds. 

Few d i s c o r d a n t amphibolites have been found i n the 
Weria Area as a whole and i n the areas described here 
they are most common along the southern and eastern shores 
of the Coast Area. Elsewhere i n the Coast Area none 
has been found and t h i s i s almost c e r t a i n l y because of 
the poor exposure. The two t h a t have been found i n the 
I n l a n d Area i n d i c a t e t h a t they are much l e s s common 
there than they are on the coast; exposure i s so good 

i n l a n d t h a t they would have been seen i f present. The 
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d i s t r i b u t i o n o f d i s c o r d a n t amphibolites i s r e l a t e d t o 
the s t r a t i g r a p h y "because the o n l y good example seen i n 
the I n l a n d Area occurs i n the Hornblende Gneiss 
Succession i n the north-west p a r t of the Area, and of 
course a l l those found on the coast also occur i n the 
Hornblende Gneiss Succession. 

F i g . 58 shows the I n l a n d Area amphibolite viewed 
along the s t r i k e i n a v e r t i c a l plane. This amphibolite 
has been subjected t o very s t r o n g shearing which, has 
produced the f o l d e d shape and the sheared out upper 
l i m b . I t i s o n l y because the hinge has been preserved 
t h a t the body i s now recognisable as a d i s c o r d a n t amphib­
o l i t e . I f o n l y the upper limb or the outcrop on a 
h o r i z o n t a l surface could be seen then the body could 
not be recognised f o r what i t i s . From j u s t one 
occurrence of a discordant a m p h i b o l i t e i t i s impossible 
t o say when i t was formed and i t may have been f o l d e d 
d u r i n g any o f the periods of deformation t h a t a f f e c t e d 
these r o c k s . 

The d i s c o r d a n t amphibolites found on the coast are a l l 
l e s s deformed than, the body described above, and some are 
s t i l l s t r a i g h t , p a r a l l e l - s i d e d dykes t h a t have been 
r e c r y s t a l l i s e d w i t h o u t being deformed. No discordant 
amphibolite has been seen t o be cut by pegmatites, but at 
s e v e r a l l o c a l i t i e s an amphibolite has been seen t o cut 
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Fig.58 Folded discordant amphibolite c u t t i n g 
hornblende gneiss. G r i d square B8 
Map I . 
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pegmatites ( f i g . 59) • No i n t e r s e c t i o n s have "been 
observed between di s c o r d a n t amphibolites and there i s 
no evidence of an event such as metamorphism, deformation, 
or m i g m a t i s a t i o n a f f e c t i n g some and not o t h e r s . The 
i n l a n d f o l d e d a m p h i b o l i t e i s p o s s i b l y o l d e r than the 
c o a s t a l ones, but the evidence i s not stron g enough 
f o r such a conclusion t o be made d e f i n i t e . 

Hornblende and p l a g i o c l a s e are the e s s e n t i a l 
minerals of the dis c o r d a n t a m p h i b o l i t e s , w h i l e quartz may 
be found i n small amounts. B i o t i t e i s sometimes present 
i n amounts almost equal t o the hornblende. F o l i a t i o n s 
or l i n e a t i o n s are r a r e l y seen because p l a t y minerals 
are not abundant and the hornblende i s u s u a l l y chunky, 
r a t h e r than p r i s m a t i c , i n h a b i t . I n those discordant 
amphibolites i n which t h e r e i s a f o l i a t i o n i t i s 
developed p a r a l l e l t o t h a t i n the surrounding gneiss. 
The gneiss f o l i a t i o n and other s t r u c t u r e s do not curve 
towards the s t r i k e of the dis c o r d a n t amphibolites at the 
p o i n t of c o n t a c t , but are cut o f f a b r u p t l y . This i s 
evidence t h a t the amphibolites were not s y n t e c t o n i c 
because when dykes are i n t r u d e d i n t o rocks under shear 
i t appears t h a t the gneiss f o l i a t i o n next t o the dyke 
and the i n t e r n a l f o l i a t i o n of the dyke become sigmoidal 
(Watterson, 1965). 



F i g . 59 Discordant amphibolite c u t t i n g second 
p e r i o d f o l d s w i t h a x i a l plane 
pegmatites. G r i d square 5F» Map I I 
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CHAPTER TEN 

STRUCTURE 

I n t r o d u c t i o n 

I n the e l u c i d a t i o n of the s t r u c t u r e of complexly 
deformed rocks such as the p r e - K e t i l i d e s of S.W. 
Greenland, the techniques of s t r u c t u r a l a n a l y s i s described 
by Turner and Weiss (1963) are used e x t e n s i v e l y . The form 
of the o v e r a l l l a r g e scale s t r u c t u r e can be l a r g e l y found 
by normal l i t h o l o g i c a l mapping. But at best t h i s w i l l 
show o n l y the geometrical form of the rocks at present. 
I t does not gi v e much i n f o r m a t i o n about the s t r u c t u r a l 
development of the rocks. I n order t o determine the 
sequence of events which l e d up t o the rocks having 
t h e i r present form i t i s necessary t o use small scale 
f e a t u r e s and the r e l a t i o n s between them and the l a r g e 
s t r u c t u r e s . S t r u c t u r e s v i s i b l e on the microscopic, 
mesoscopic and macroscopic scales, as de f i n e d by Turner 
and Weiss (1963, pp.15 and 16. ) are a l l used. The 
microscopic work has been confined t o d e s c r i p t i o n s of 
t e x t u r e s and no f a b r i c measurements have been made. 

The s t r u c t u r a l elements used i n the a n a l y s i s are, 
p e n e t r a t i v e planes and l i n e a t i o n s . Planar s t r u c t u r e s 
are banding, f o l i a t i o n , and a x i a l planes. L i n e a r 
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s t r u c t u r e s are f o l d axes and l i n e a t i o n s formed by-
e l o n g a t i o n of m i n e r a l g r a i n s and i n t e r s e c t i n g 
planes, Rodding i s comparatively r a r e l y found and 
m u l l i o n s not a t a l l . Boudins produced by necking of 
competent l a y e r s enclosed i n a l e s s b r i t t l e rock are 
abundant but they are u s u a l l y v i s i b l e i n o n l y two 
dimensions and appear equi-dimensional. They do not 
p r o v i d e another l i n e a r f e a t u r e of the rocks. 

Planar S t r u c t u r e s 

Banding 
The dominating planar s t r u c t u r e i s the r e g i o n a l 

banding which has been described i n the s e c t i o n on 
gneisses ( p . 15 ) a n < I i s d e f i n e d by d i f f e r e n c e s i n 
the composition of adjacent bands i n the rocks. I n 
c e r t a i n s i t u a t i o n s i t can be seen t h a t t h e r e are two 
generations of banding. U s u a l l y , however, i t i s 
impossible t o t e l l whether the banding at any one place 
i s the o l d e r or the younger, as the two are q u i t e 
i n d i s t i n g u i s h a b l e unless they can be seen togethe r 
w i t h an angular discordance between them. 
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F o l i a t i o n 
Planar s t r u c t u r e s younger than the handing are 

f o l i a t i o n s caused by p a r a l l e l growth of p l a t y m i n e r a l s . 
This i s best developed i n the brown s c h i s t where t h e r e 
i s a very h i g h p r o p o r t i o n of b i o t i t e . I n the gneisses 
the m a f i c - r i c h bands are s t r o n g l y f o l i a t e d f o r the same 
reason w h i l e the q u a r t z o - f e l d s p a t h i c bands c o n t a i n i n g 
o n l y small shredded b i o t i t e s have very weak f o l i a t i o n . 
I n a m phibolites also the f o l i a t i o n i s v e r y weak on 
account of the almost u n i v e r s a l absence of p l a t y 
m i n erals i n t h a t rock. U s u a l l y the f o l i a t i o n i s 
p a r a l l e l t o the banding, but i n the hinge zones of 
small f o l d s the a x i a l plane f o l i a t i o n (where one i s 
developed) cuts across the banding. At one l o c a l i t y , 
the a x i a l plane f o l i a t i o n of one f o l d cuts across the 
limbs of an e a r l i e r f o l d ( f i g . 6 0 ) . I n migmatites two 
n o n - p a r a l l e l f o l i a t i o n s are o c c a s i o n a l l y found. I n 
these i n s t a n c e s , i t i s c l e a r t h a t the f o l i a t i o n i n the 
g r a n i t o i d neosome i s younger than t h a t i n the more 
basic palaeosome. F i g . 61 shows a c l e a r example of 
the discordance between the two f o l i a t i o n s . 

L i n e a r S t r u c t u r e s 
L i n e a t i o n s can be seen i n many of the rocks but 

i t i s not present so g e n e r a l l y as f o l i a t i o n . When 
measuring a l i n e a t i o n i t i s necessary t o be c a r e f u l 
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F i g . 60 A x i a l plane f o l i a t i o n ( p a r a l l e l , "to p e n c i l ) 
of a younger f o l d (above p e n c i l ) c u t t i n g 
across the hinge of an o l d e r f o l d . G r i d 
square F4, Map I . 

J. 

F i g . 61 Neosome f o l i a t i o n c u t t i n g across palaeosome 
f o l i a t i o n ( p a r a l l e l t o p e n c i l ) . ! G r i d square 
F4-, Map I . 
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t h a t i t i s measured on a f o l i a t i o n s u r f a c e . I f what 
appears t o he a l i n e a t i o n i s seen on a surface t h a t i s 
not a f o l i a t i o n surface ( o r p a r a l l e l t o a f o l i a t i o n ) 
then e i t h e r i t i s not a l i n e a t i o n , hut merely an 
apparent l i n e a t i o n formed by the i n t e r s e c t i o n of the 
surface and the f o l i a t i o n , or, i f i t i s a l i n e a t i o n , 
then a f a l s e plunge and s t r i k e w i l l "be obtained. 

Three types of l i n e a t i o n occur:- a m i n e r a l l i n e a t i o n 
formed by the growth of minerals w i t h t h e i r long 
axes p a r a l l e l t o one p a r t i c u l a r d i r e c t i o n ; a 
s t r u c t u r a l l i n e a t i o n formed by the i n t e r s e c t i o n of two 
p e n e t r a t i v e S planes; a c r e n u l a t i o n or m i c r o f o l d i n g of 
a f o l i a t i o n s u r f a c e . F o l i a t i o n s and banding are 
p e n e t r a t i v e S planes and thus the i n t e r s e c t i o n s of 
two f o l i a t i o n s , or a f o l i a t i o n and the banding can 
produce a l i n e a t i o n . This i s p a r t i c u l a r l y seen i n 
small f o l d s where the i n t e r s e c t i o n of the a x i a l plane 
f o l i a t i o n and the banding around the hinge r e s u l t s i n the 
f o r m a t i o n of a l i n e a t i o n p a r a l l e l t o the a x i s of the f o l d . 

M i n e r a l l i n e a t i o n s are not as commonly seen i n the 
amphibolites as would be expected because the hornblende 
g r a i n s are u s u a l l y equi-dimensional. Thus, although 
m i c r o s c o p i c a l l y the hornblendes are c l e a r l y a l i g n e d 
p a r a l l e l t o one d i r e c t i o n , i n hand specimen or outcrop no 
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l i n e at i o n may "be v i s i b l e . Lineations are i n fact 
more frequently found i n the gneisses. They are not 
uniformly d i s t r i b u t e d throughout the areas. I n some 
parts l i n e a t i o n s may "be seen almost everywhere, "but 
elsewhere they may "be most uncommon. These l i n e a t i o n s 
i n unfolded gneisses are mineral l i n e a t i o n s formed by 
the growth of feldspars and quartz with t h e i r long axes 
p a r a l l e l to the P min. of the s t r a i n e l l i p s o i d i n the 
rocks. 

The t h i r d type of l i n e a t i o n , crenulations on a 
f o l i a t i o n surface, form the strongest l i n e a t i o n (see 
f i g . 6 2 ) . These are not as commonly encountered as the 
other types of l i n e a t i o n , but when they do occur they 
plunge approximately p a r a l l e l to the l o c a l smallfold 
axes and are therefore r e l a t e d g e n e t i c a l l y to them. 

Smallfolds 
By sinallfolds are meant those folds which can be 

seen i n t h e i r e n t i r e t y on an outcrop or i n a large hand 
specimen, and which range i n amplitude and wavelength 
from centimetres to metres. They are revealed by f o l d i n g 
of the layers of d i f f e r e n t composition w i t h i n the rock, 
and when the rock i s homogeneous no smallfolds can be 
produced although i t may be deformed i n exactly the same 
manner as a heterogeneous rock strongly smallfoided. 



Fig.62 Small scale crenulations i n hornblende 
gneiss plunging p a r a l l e l to the .pencil 
Grid sguare E5, Hap I . 
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The most usual style of smallfold i s i s o c l i n a l , 
w i t h p a r a l l e l or subparallel limbs and appreciable 
thinning of the limbs and thickening of the hinges. The 
f o l d i n g occurs w i t h i n the banding and only those bands 
ac t u a l l y folded are affected. Not in f r e q u e n t l y the 
limbs are sheared and truncated by a younger banding 
( f i g . 63). These have been called i n t r a f o l i a l f o l d s 
by Windley (1966). They are probably the e a r l i e s t 
folds preserved i n t h i s region. Other folds have 
pegmatites intruded along t h e i r a x i a l planes. An 
example of t h i s occurs on the coast of Sermilik Fjord 
i n square 5E (Map I I ) , (Fig.52). 

More open, less i s o c l i n a l f o lds occur i n some 
rocks, ( f i g . 64) and t h i s s t y l e may be re l a t e d to 
the mode of formation of the f o l d or to the mechanical 
properties of the rocks* The folds seen i n fig.64 are 
open and almost concentric because of v i s c o s i t y differences 
w i t h i n the amphibolites and because of the r e l a t i v e 
thicknesses of the more and less viscous quartz of the 
amphibolite (Ramsay 1967, Ch.7). But the concentric, 
open f o l d seen i n f i g . 65 has been produced by f o l d i n g 
i n which there was no, or very l i t t l e , shearing. This 
i s demonstrated very c l e a r l y by the presence of a 
smaller i s o c l i n a l f o l d , with an a x i a l plane f o l i a t i o n , 

that has been folded around the l a t e r concentric f o l d . 



Pig.63 I n t r a f o l i a l f o l d with, a new "banding p a r t l y 
developed along the lower limb. Grid square 
B8, Map, I . 

Fig.64 Open concentric folds developed i n massive 
amphibolite. The less viscous darker material 
i n the lower part of the photograph, has developed 
"pinched" antiforms between the lobate isynforms. 
Grid square B7, Map I . 
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The large f o l d i n f i g . 65 i s one of the l a t e s t 
generations of smallfolds as i t folds the f o l i a t i o n as 
well as the "banding, instead of having an a x i a l plane 
f o l i a t i o n as have the older f o l d s . 

The a x i a l planes of the smallfolds are usually 
p a r a l l e l to the "banding at any one place because the 
f o l d i n g has been i s o c l i n a l on a l l scales. I n those 
small areas where the f o l d i n g has been p e c u l i a r l y 
active and has resulted i n i n t r i c a t e outcrop patterns 
w i t h many smallfolds the a x i a l planes and axes1 of the 
smallfolds often have very i r r e g u l a r d i s t r i b u t i o n . 
S t a t i s t i c a l analysis by means of stereographic p l o t s 
sometimes aids i n elu c i d a t i o n of t h e i r o r i e n t a t i o n , 
but not i n every case. 

I n some Instances the rocks have been very f l u i d 
during the deformation and the s t y l e of the r e s u l t i n g 
smallfolds r e f l e c t s t h i s . Fig. 66 shows such kmallfolds 
and i t can be seen that the a x i a l plane are curved thus 
making i t impossible to measure t h e i r o r i e n t a t i o n . 
However, such folds are exceptional. The d i f f e r e n t 
styles of smallfolds cannot be re l a t e d to i n d i v i d u a l 
phases of f o l d i n g because folds of the same s t y l e were 
formed i n the same rocks at d i f f e r e n t periods. 1 Only 
the l a s t f o l d s have a d i s t i n c t i v e s t y l e and that i s because 
there was only weak shearing, i f any at a l l , associated 
w i t h t h e i r formation. 



FiK 6 5 ° P e n concentric f o l d i n Toiotite gneiss 
r e f o l d i n g a t i g h e r older fold. Grid square 
Map I . 

t 
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Fig.66 Small f o l d w i t h curved a x i a l plane. Grid 
square D4, Map I . 
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Inland Area 

The o v e r a l l structure of the area i s a plunging 
antiform w i t h subsidiary folds on i t s f l a n k and nose. 
The antiform closes i n the south-west corner of the 
area and plunges south-west. To the N.E. the axis 
f l a t t e n s and eventually begins to plunge N.E. The 
f l a t t e n i n g can be detected on the Inland Area by means 
of constructed f o l d axes ( f i g . 6 7 ) , but the N.E. plunge 
appears only on the area to the north. This antiform 
i s only part of much larger and more complicated 
structures that can be seen only when a larger area 
than the present 200 sq.kms.is considered. The 
antiform i s revealed by the shape of the outcrop of the 
brown schist and laminated amphibolite horizon. None of 
the other amphibolites can be traced round t h i s f o l d and 
neither can amphibolites to the north-west be correlated 
w i t h amphibolites to the south-east of the limbs. 

The north-west limb has a uniform north-westerly dip 
except where i t has a s l i g h t kink and where i t ; i s 
disrupted by the large east-west f a u l t . The south-east 
limb has a s i m i l a r s t r i k e to the other but has' a more 
variable dip, although i t i s never f a r from v e r t i c a l . 
There i s no a x i a l plane f o l i a t i o n to t h i s f o l d and the 
f o l i a t i o n w i t h i n the brown schist around the hinges i s 
concordant w i t h the folded rocks. Around the hinges a 
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number of smallfolds occur w i t h i n the s c h i s t , a l l w i t h 
t h e i r a x i a l plan.es p a r a l l e l to the f o l i a t i o n . Thus 
the major f o l d was formed l a t e r than these minor 
f o l d s . 

The i s o l a t e d folded amphibolite i n the eastern part 
of the Area i s folded about an a x i a l plane that dips 
south-east and an axis that plunges steeply to the 
south-east (sub- area V I I I , f i g . 7 0 ) . The connection 
between t h i s amphibolite and the main antiform i s not 
known, but there are reasons f o r b e l i e v i n g that t h i s 
south-east plunging r e c l i n e d f o l d belongs to an older 
generation of folds than the main antiform. 

Following the methods of Turner & Weiss, the Area 
has been divided In t o eight sub-areas, each of which i s 
homogeneous w i t h respect to the regional banding. The 
i n t r i c a t e l y folded amphibolite horizons occurring i n 
g r i d squares B6 and 7 have been excluded because they are 
too complex to be included i n an analysis on a large 
scale. The f a c t that only eight sub-areas are required 
indicates that the o v e r a l l structure i s f a i r l y simple. 
The large area i n the south not subdivided i s occupied 
by the Neria Granite. The l i m i t s of the sub-areas are 
shown i n fig.67» and the TC diagrams f o r each one i n 
f i g s . 68, 69 and 70. I n sub area I the very uniform 
N.W. dip gives r i s e to a strong concentration of points 

http://plan.es
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and a great c i r c l e cannot be constructed. For a l l the other 
sub-areas, however, the poles to the f o l i a t i o n planes are 
dispersed and a great c i r c l e can usually be constructed.. 
I n sub-area; IV two great c i r c l e s can be drawn, showing 
that there f o l d i n g was more complicated. The two points 
i n the south-east part of the stereogram are Important 
because they are derived from the unfolded north-west 
limb of the antiform i n sub-area IV. They define that 
part of the f o l d and therefore any great c i r c l e g i v i n g 
the axis of the f o l d must include them. The spread of 
points from the centre and eastern parts of the f o l d 
l i e on a great c i r c l e g i v i n g a south-easterly plunging 
axis. South-westerly plunging axes dominate throughout 
the area as a whole and only sub-area V I I I has a d i f f e r e n t 
main axis. The plunge of the axes i n the other areas 
become progressively less to the north-east. 

The f o l i a t i o n planes used i n sub-area V I I I were 
derived s o l e l y from the amphibolite horizon that occurs 
there and i t i s thought that t h i s axis i s older than the 
south-west plunging axes of the other areas. From the 
western end of the migmatitic amphibolite i n sub-area 
V I I , measurements made of the i n t e r n a l f o l i a t i o n of 
the amphibolite blocks and the f o l i a t i o n of the enclosing 
gneiss neosome Indicates two d i f f e r e n t f o l d axes. Fig.71 
shows the great c i r c l e s obtained. The amphibolite i s 
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apparently folded about a south-easterly plunging axis 
and the neosome about an axis plunging south-west. This 
i s i n t e r p r e t e d as the r e s u l t of two d i f f e r e n t periods 
of f o l d i n g . The e a r l i e r one was pre-migmatitic and 
folded the already e x i s t i n g amphibolite about the 
south-east axis. I n t r o d u c t i o n of the gneiss neosome was 
associated w i t h or succeeded by f o l d i n g about a south­
west plunging axis which had only s l i g h t e f f e c t on the 
amphibolite. An a l t e r n a t i v e i n t e r p r e t a t i o n i s that the 
unfolded, but f o l i a t e d , amphibolite was intruded by the 
gneiss whose f o l i a t i o n was developed oblique to that of 
the amphibolite. On f o l d i n g by one period of deformation 
two axes would r e s u l t . However, i f t h i s were the case the 
two axes so obtained should l i e i n the a x i a l plane of the 
f o l d i n g . The plane that contains the two axes dips 66° 
almost due south (080/66S). This i s d i f f e r e n t from the 
constructed a x i a l plane f o r the l a t e s t f o l d i n g and 
although there are appreciable inaccuracies i n a l l these 
constructions i t i s probable that the south-east plunging 
axis does not belong to the same phase of f o l d i n g as the 
south-west plunging axes* 

The small f o l d axes and l i n e a t i o n s have a very 
regular d i s t r i b u t i o n . Those to the north-west of the 
major antiform plung north-west, those along the centre of 
the antiform plunge generally south-west and those to 
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the south-east plunge south-east. Fig. 72 shows the 
general d i s t r i b u t i o n of the small scale l i n e a r 
structures. The l i n e a r structures have not been p l o t t e d 
on stereograms because t h e i r orientations are ea s i l y 
seen from the map'- a classic example of H.H. Read's 
dictum "Map i t , and i f i t ' s there i t w i l l come out." 
The concordance between these small scale f o l d axes 
and l i n e a t i o n s and. the l o c a l f o l d axes constructed 
from f o l i a t i o n measurements i s very close. 

Two a x i a l d i r e c t i o n s almost perpendicular'to 
each other i s a very common arrangement and has been 
described on numerous occasions (e.g. Ayrton, 1963; 
Windley, 1966, e t c ) . I t i s usually i n t e r p r e t e d as 
being the r e s u l t of two periods of deformation, but 
the geometrical d i s t r i b u t i o n of the a x i a l d i r e c t i o n s 
alone does not prove t h i s , (Ramsay, 1967)* I n the 
Neria Area, however, the evidence provided by the 
migmatisation shows that there was a time i n t e r v a l between 
the SE-NW f o l d i n g and the l a t e r NE-SW f o l d i n g . 

Coast Area 
The structure of the Coast Area i s less w e l l understood 

than that of the Inland Area. There are two reasons f o r 
t h i s : f i r s t l y the Coast Area i s small i n r e l a t i o n to the 
large scale structures, and secondly, the small scale 
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s t r u c t u r e s , and secondly, the small scale s t r u c t u r e s are 
l e s s h e l p f u l than they might be "because away from the 
shore they cannot "be seen. The main f e a t u r e s o f the 
s t r u c t u r e s of the Area can be seen on Map I I and 
f i g . 7 3 which shows the a t t i t u d e s of the l o c a l f o l d 
axes. 

The l a r g e eastward p l u n g i n g synforms and a n t i f o r m 
are p a r t of an even l a r g e r s t r u c t u r e t h a t continues t o 
the east of S e r m i l i k F j o r d (personal communication by 
D. Friderichsen/. The v e r y basic p a r t s of the succession 
i n the cores of the f o l d s are seen t o j o i n on the 
eastern side of the f j o r d . I t i s also p o s s i b l e t h a t 
the v e r t i c a l l y p l u n g i n g f o l d at the southern end of the 
peninsula i s p a r t of t h i s o v e r a l l s t r u c t u r e , but t h i s 
cannot be demonstrated. 

The western and n o r t h e r n p a r t s of the Area are 
r e l a t i v e l y s t r a i g h t f o r w a r d . I n sub-area I I the s t r i k e 
of the rocks i s u n i f o r m l y n o r t h - s o u t h along the long 
l a k e , but n o r t h of t h i s lake the s t r i k e swings round 
t o become east-west (Map I I ) . F i g . 7^ shows the 
stereograms from which the l o c a l f o l d axes were 
co n s t r u c t e d . 

The separated lenses of amphibolite running up the 
centre of the Area are the r e s u l t of l a r g e scale 
b o u d i n i s a t i o n . The rounded ends of amphibolite are not 
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t i g h t f o l d closures.,. Tout t l i e separated p a r t s of once 
continuous h o r i z o n s . The gneiss f o l i a t i o n between the 
amphibolite lenses does not run across "between them, 
"but pinches i n and out as i t does on the small scale 
along pegmatites which show p i n c h and s w e l l s t r u c t u r e s . 
Some of the lenses show i n c i p i e n t p i n c h i n g which has 
not y e t produced complete- s e p a r a t i o n . 

F a u l t s and myl o n i t e s 

I n t r o d u c t i o n 
These two f e a t u r e s are f r e q u e n t l y found t o g e t h e r , 

"but they are d i s t i n g u i s h e d by c o n s i d e r a t i o n of the 
amounts of shearing, r e c r y s t a l l i s a t i o n , and 
displacement. Generally, mylonites are considered t o 
be o l d e r than the dyking and are revealed by a strong 
r e c r y s t a l l i s a t i o n of the rocks w i t h sometimes l i t t l e , or 
no, displacement; whereas most of the f a u l t s ; are younger 
than the K u a n i t i c dykes and are not n e c e s s a r i l y 
accompanied by st r o n g r e c r y s t a l l i s a t i o n of the rocks. 

Movement, w i t h or w i t h o u t extensive shearing, took 
place along the same l i n e s d u r i n g w i d e l y separated 
p e r i o d s . This i s most c l e a r l y seen by the i n f l u e n c e 
of f a u l t s on dykes: where Gardar dykes are di s p l a c e d by 
the same f a u l t t h a t d i s p l a c e s K u a n i t i c dykes the former 
are almost i n v a r i a b l y l e s s d i s p l a c e d than the l a t t e r . 
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No f a u l t s w i t h i n the Area have "been seen t o d i s p l a c e 
the youngest dykes ( t h e T.D.s) 

I n l a n d Area 
F a u l t s 

The main f a u l t s are shown on Map I . F a u l t s w i t h 
displacements of less than 100m are not shown. The 
f a u l t w i t h "by f a r the g r e a t e s t l a t e r a l displacement 
s t r i k e s ENE across the middle of the Area. C o r r e l a t i o n 
across t h i s f a u l t i s p o s s i b l e o n l y "because of i t s e f f e c t 
on the "brown s c h i s t and laminated amphibolite h o r i z o n . 
The displacement i s so great t h a t o n l y one o f the l a r g e 
K u a n i t i c dykes can "be seen on b o t h sides o f the f a u l t , 
the two others cut by the f a u l t are d i s p l a c e d out of 
the Area. The country rocks and K u a n i t i c dykes show a 
d e x t r a l displacement of 3-4- km on the western side of 
the Area and a s l i g h t l y l a r g e r displacement of 4~5 km 
on the eastern s i d e . The dyke which can be seen on 
both sides of the f a u l t i n t e r s e c t s i t i n g r i d squares 
B4 and D4-. The close agreement between the displacement 
of the country rocks and the dykes shows'that the f a u l t 
was probably not formed u n t i l a f t e r the K u a n i t i c dykes 
were emplaced. Movement also took place a f t e r the 
Gardar dykes were emplaced. At t h i s time the f a u l t 
moved i n the same sense as p r e v i o u s l y by approximately 
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1 km. The two KE s t r i k i n g Gardar dykes running up 
from the SW corner of the Area provide good 
c o r r e l a t i o n . 

This f a u l t forms a strong l i n e a r f e a t u r e through 
the topography except where i t cuts the h i g h ground 
i n the centre of the Area. East and west of the 
centre i t forms a deep v a l l e y , "but through the knot of 
h i l l s i t forms o n l y a small notch. There i s a c e r t a i n 
amount of r e c r y s t a l l i s a t i o n of the rocks along the f a u l t 
and s p e c u l a r i t e m i n e r a l i s a t i o n i s general along i t s 
l e n g t h . 

The o n l y other f a u l t w i t h a l a r g e displacement 
runs across the n o r t h e r n h a l f of the Area. I t i s one 
of f i v e ESE s t r i k i n g f a u l t s t h a t a l l have d e x t r a l 
displacements. The t o t a l displacement i s approximately 
2km, of which h a l f i s taken up by the c e n t r a l f a u l t 
(see Map I ) . The K u a n i t i c dykes and country rocks 
are d i s p l a c e d "by equal amounts (1km), but. one small 
r e d d o l e r i t e dyke i s d i s p l a c e d s i n i s t r a l l y . This 
dyke, being f r e s h d o l e r i t e i s probably Gardar i n 
age and t h e r e f o r e i t may i n d i c a t e t h a t t h e r e were two 
sets of movement along t h i s f a u l t - an e a r l y d e x t r a l 
one of l i t t l e over 1 km and a l a t e r s i n i s t r a l one of 
about 200 m. However, i t i s known t h a t some dykes run 
along f a u l t planes and thus appear t o be o l d e r than 
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the f a u l t when i n f a c t they are younger. This may 
have happened i n t h i s case, but i s impossible t o 
t e l l because the f a u l t plane i s covered by boulders 
and a small permanent snow patch. 

A NE s t r i k i n g f a u l t ( g r i d square E7 Map I ) 
w i t h a s i n i s t r a l displacement o f some 4-OOm i s younger 
than the ESE set of f a u l t s . The age r e l a t i o n s are 
shown by the r e l a t i o n s h i p s of d i f f e r e n t generations 
of K u a n i t i c dykes t o the f a u l t s . Two HE s t r i k i n g 
dykes are d i s p l a c e d d e x t r a l l y by an ESE f a u l t and 
along the f a u l t runs a younger K u a n i t i c dyke which i s 
i n t u r n d i s p l a c e d s i n i s t r a l l y by the BE s t r i k i n g 
f a u l t . 

M y l o n i t e s 
M y l o n i t e zones i n the I n l a n d Area' are not more than 

10-20 m wide and are recognised by the usual porcelanous 
t e x t u r e of the rocks. A green colour d e r i v e d from 
f i n e l y disseminated c h l o r i t e i s commonly present as i s 
a r e d s t a i n i n g from haematite. Most of the mylonites 
have produced very l i t t l e or no l a t e r a l displacement 
of the rocks. The m y l o n i t e running through g r i d 
squares E2 and E3 (Map I ) has produced no v i s i b l e 
displacement, but considerable shearing d i d take place 
along i t because even the Gardar dykes are sheared by 
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i t ( b u t not di s p l a c e d l a t e r a l l y ) . This m y l o n i t e 
probably i s the cause of the deep v a l l e y WNW of the 
870m l a k e s , but because the f l o o r ,of t h a t v a l l e y i s 
choked w i t h boulders and t h e r e i s no displacement o f 
the brown s c h i s t the m y l o n i t e cannot be seen. 

Coast Area 
F a u l t s 

There are few f a u l t s of any size i n the Coast Area. 
The l a r g e s t occurs i n the SE of the Area and has a 
l a t e r a l displacement of 2-300m (see Map I I ) . Two 
other dykes s t r i k i n g normal t o the f i r s t have s i n i s t r a l 
displacements of 1-200m each. Both these sets of f a u l t s 
are younger than the youngest K u a n i t i c dykes, but t h e i r 
ages r e l a t i v e t o each other or t o the Gardar dyke are 
not known 

Mylo n i t e s 
There are sev e r a l small m y l o n i t e zones such as were 

found i n the I n l a n d Area, but the r e i s also a broad zone 
of m y l o n i t i s a t i o n which occupies the westernmost 
pen i n s u l a of the Area (see Map I I ) . Here a zone almost 
1km across has been s t r o n g l y r e c r y s t a l l i s e d . i The 
r e c r y s t a l l i s a t i o n has not been t o a u n i f o r m degree 
throughout the whole w i d t h of the zone and i n places the 
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former character of the rocks car. s t i l l , "be seen, hut i n 
most of the zone the rocks are pale green i n colour and 
porcelanous i n t e x t u r e . Small f o l d s very commonly occur 
i n the m y l o n i t e . These are c l e a r l y r e l a t e d t o the 
f o r m a t i o n of the m y l o n i t e as t h e i r a x i a l planes 
are p a r a l l e l t o the s t r i k e of the m y l o n i t e as a whole. 

I n t h i n s e c t i o n the rocks can "be seen t o have been 
almost completely crushed. Those p a r t s of the rocks t h a t 
are predominantly composed of q u a r t z , such as o l d 
pegmatites, are made up of a mosaic of v e r y small, 
l a r g e l y s t r a i n - f r e e quartz c r y s t a l s . In. more feldspar-
r i c h rocks rounded remains of f e l d s p a r g r a i n s are 
surrounded by a groundmass of very much f i n e r grained 
quartz and f e l d s p a r . Only rocks t h a t were o r i g i n a l l y 
r i c h i n micas or amphiboles have r e t a i n e d any 
recognisable mafic m i n e r a l s , and even these have been 
reduced i n s i z e and bleached. 

Movement r e c u r r e d along the m y l o n i t e at i n t e r v a l s 
as K u a n i t i c dykes have been m y l o n i t i s e d . The main 
m y l o n i t i s a t i o n took place before the dykes were i n t r u d e d 
because the dykes are much l e s s a l t e r e d than the country 
rocks. Only one side of the m y l o n i t e zone occurs i n the 
Area, t h e r e f o r e i t i s impossible t o determine how much, 
i f any, l a t e r a l displacement t h e r e has been. 



239 

CHAPTER ELEVEN 

CHRONOLOGY 

The methods of normal s t r a t i g r a p h y are of l i m i t e d 
assistance i n determining the p l u t o n i c development of 
"basement complexes, "but i t i s s t i l l i m portant t o 
e s t a b l i s h a s t r a t i g r a p h i c a l succession. I f a 
recognisable succession i s not set up then the d e t e r m i n a t i o n 
of the s t r u c t u r e i s made much more d i f f i c u l t because of 
the numerous ways i n which p a r t s of the succession can 
be changed: by t e c t o n i c a c t i v i t y , t r a n s f o r m a t i o n or 
metamorphism. Once the s t r a t i g r a p h y i s known and marker-
horizons found i t becomes p o s s i b l e t o e x t r a p o l a t e from 
them and thus i d e n t i f y f e a t u r e l e s s gneisses. I n the 
I n l a n d Area s t u d i e d here, f o r example, the brown s c h i s t 
and laminated amphibolite are an e x c e l l e n t marker; and 
once these two are i d e n t i f i e d i n an unexplored p a r t of 
the Area the Upper and Lower B i o t i t e Gneiss Successions 
are immediately known and the problem of l i n k i n g the 
s t r u c t u r e s of the new ground w i t h the known s t r u c t u r e s 
of the o l d i s made much simp l e r . 

Having e s t a b l i s h e d the s t r a t i g r a p h y , however, i t 
becomes necessary t o use completely d i f f e r e n t c r i t e r i a 
t o determine the sequence of events. The c r i t e r i a used 
are the r e l a t i o n s h i p s between the s t r u c t u r a l elements, 
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periods of metamorphism, mi g m a t i s a t i o n and g r a n i t i s a t i o n , 
i f p o s s i b l e "basic dyking, and r a d i o m e t r i c d a t i n g . I t 
can. never "be known f o r c e r t a i n i n i n f r a c r u s t a l rocks 
t h a t a l l the events have "been recognised; t h e r e w i l l 
always "be the p o s s i b i l i t y t h a t f e a t u r e s imposed by 
the e a r l i e s t events have been completely o b l i t e r a t e d 
by the l a t e r . 

The o l d e s t recognisable p l u t o n i c f e a t u r e s of the 
Neria Area rocks are the banding and pre-migmatisation 
f o l d s . The banding seen at the present may or may not 
be the f i r s t imposed on the rocks, and may i n f a c t be 
of more than one age. Fig.63 shows t h a t banding has 
indeed been imposed on more than one occasion, but 
except around the hinges of f o l d s the o l d and new 
bandings are p a r a l l e l , or so n e a r l y so t h a t they are 
inseparable i n the f i e l d . At the same time as the banding 
was produced the rocks were metamorphosed and the p l a t y 
m inerals gave r i s e t o the f o l i a t i o n . 

F o l l o w i n g these f i r s t p l u t o n i c events the 
mi g m a t i s a t i o n and second phase f o l d s were formed. Both 
major and minor f o l d s belonging t o t h i s p e r i o d are found 
w i t h a x i a l d i r e c t i o n s s t r i k i n g NW-SE. I n d i v i d u a l s m a l l -
f o l d s of t h i s p e r i o d o f t e n have an a x i a l plane f o l i a t i o n 
i f t h e r e i s no a x i a l plane pegmatite developed, but a 
new f o l i a t i o n was not imposed on a r e g i o n a l scale as a 
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p r e - e x i s t i n g f o l i a t i o n was, i n c e r t a i n circumstances, 

preserved d u r i n g t h i s p e r i o d (see above p. 225 & f i g . 7 1 ) . 
The SW-NE f o l d s f o l l o w e d the m i g m a t i s a t i o n . This 

i s shown by the way i n which the huge pegmatites bodies 
i n the Laminated Amphibolite are f o l d e d along w i t h the 
Amphibolite around SW plun g i n g axes. A f t e r t h i s p e r i o d 
of deformation the g r a n i t e s were emplaced t o be•followed 
by the f o r m a t i o n of m y l o n i t e zones, c o o l i n g , d o l e r i t e dyke 
i n t r u s i o n , and f a u l t i n g . There was a f u r t h e r s l i g h t 
metamorphism of the I n l a n d Area between the i n t r u s i o n of 
the K u a n i t i c and Gardar dykes, but t h i s had no e f f e c t on 
the mineralogy of the country rocks (see above p20l)« 

The d i s c o r d a n t amphibolites cannot be placed w i t h 
any c e r t a i n t y i n t h i s chronology, but because they are 
unmigmatised they were emplaced a f t e r the m i g m a t i s a t i o n 
and the f a c t t h a t they are w h o l l y metamorphic i n t e x t u r e 
shows t h a t they were present before s t r o n g metamorphism 
ceased. Because they are so few i n number i t i s impossible 
t o get enough i n f o r m a t i o n t o decide whether they were 
emplaced i n c o l d rocks which were subsequently r e a c t i v a t e d , 
or whether they were emplaced i n hot rocks and c r y s t a l l i s e d 
d i r e c t l y as metamorphic rocks. 

The s i g n i f i c a n c e o f d i s c o r d a n t amphibolites i n 
basement complexes i s debatable, but i t i s c l e a r t h a t 
i t cannot be taken f o r granted t h a t they i n d i c a t e a 



"break i n p l u t o n i c c o n d i t i o n s (Watterson, 1965)• I t 
i s not suggested here, t h e r e f o r e , t h a t the few found 
i n the Coast Area prove t h a t the country rocks were 
subjected t o two d i f f e r e n t p l u t o n i c p e r i o d s separated 
"by c o o l i n g and u p l i f t . The l e s s complicated h i s t o r y 
of a s i n g l e , hut l o n g , p l u t o n i c p e r i o d c u l m i n a t i n g i n 
the f o r m a t i o n of g r a n i t e i s thought t o he more 
prohahle. Tahle X I I summarises the chronology of 
the Area. 
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