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An amphibolite layer containing angular and platy fragments of basic 

(amphibolitic) composition is described from the island of Kinn in the 

Kristiansand skaergaard (archipelago). The inhomogeneity of the rock 

and the different texture and colour of the fragments are emphasized. 

The rock complex has suffered several periods of metamorphism and 

deformation under amphibolite facies conditions. Neither this change 

nor the influence of a pegmatitic int11,1sion can exp)ain the fragment

strueture in the amphibolite. A comparative st�;.4lf the chemical 

composition of the Kinn amphibolites with ortho- ancf, para-amphibo

lites from other parts of the world indicates that they are ortho-amphib

olites. Some of the calcium-rich inclusions may be composed of a 

mixture of volcanic and sedimentary (calcareous) material, or otherwise 

they represent early differentiates of the original magma. Both the field 

appearance of the rock and the chemical composition indicate that the 

fragment structure was originally an agglomerate structure. It is the 

first agglomerate structure reported from the Agder-Rogaland rock

province, and its importance in connection with the metasediments in 

the Kristiansand area is discussed. 

Almost forty years ago Barth (1930) proposed a sedimentary ongm for 
some amphibolites in the migmatite area around Kristiansand. These amphi
bolites were in some instances thin layers in a marble formation, and both 
field and petrographic investigations indicated that they originated either 

through a metamorphic recrystallization of marly Iimestone, or by metasoroat

ic alteration of pure Iimestone. Furthermore, Barth (1930) pointed out 

that Adams ( 1909, 191 O) ha d demonstrated a similar or i gin of som e Canactian 

amphibolites. 

The purpose of th� present paper is to attract attention to another 

origin for amphibolites, which, perhaps, is quantitatively more important 

than formation from sedimentary rocks. Although this writer found some 

diopside-amphibolites of supposed sedimentary origin associated with the 
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Fig. l. GeologicaJ map of the island of Kinn. 
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Tveit marble, he emphasized that some larger amphibolite bodies proh
ably were of igneous origin (Falkum 1963, 1966). The chemical composition 
of these amphibolites supported this view. However, it was important to 

find some field evidence which would support the view that some of the 
amph;�olites from Kristiansand area are of igneous origin. 
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This is believed to have been found on the island of Kinn in the Kristian
sand skaergaard (archipelago) in the county of Vest-Agder, and in this paper 
the field occurrence and the chemical composition of this rock are described. 
The geology of the island of Kinn was described elsewhere (Falkum 1969), 
and consequently it is only treated shortly here. 

FIELD DESCRIPTION AND OCCURRENCE 

As seen from the map (Fig. 1), the island of Kinn is built up of an amphi· 
bolitic sequence with westerly dipping foliation, which is cut by an intrusive 
granite pegmatite with partly diseardant contact. The amphibolite is normally 
homogeneous, although some zones may exhibit a small-seale layering. Most 
of the layers are between one and twenty cm thick, and the compositional 

variation is rather small and may be ascribed to local variation within the 
compositional range of the amphibolite group. 

The schistosity is penetrative throughout the sequence and is normally 
conformable to the Iithologic layering where such is developed. This schist
osity was formed during, or possibly subsequently to the main meta
morphism. 

At a later phase of deformation the schistosity was folded around north
west plunging fold axes. A pronounced mineral lineatian is roughly paraHel 
to these axes. After ibis phase of deformation a large granite pegmatite 
intruded the amphibolite. Furthermore, the pegmatite seems to be folded, 
the foJds having sub-harizontal axial surfaces and northeast plunging 
fold axes. 

The mineral lineatian exhibits a great circle distribution, which, accor
ding to Weiss (1959) and Ramsay (1960), may be the result of a later 

deformation of shear folds of a similar style with fold axes parallel to the 
pole of the great circle. In the present area this late axis plunges to ESE. 

These observations have to be campared with the regional tectonic 
evolution in the Kristiansand area in order to obtain a reasonable inter
pretation The schistosity in the amphibolite on the island of Kinn has 
certainly developed contemporaneously with the first phase of deformation, 
which is expressed as tight isoclinal folds on mesoscopic scale throughout 
the Knstiansand area. The next phase with large isoclinal folds cannot be 
recognized on Kinn. During this phase the schistosity was folded inta 
isoclinal folds with moderate dipping axial surfaces. The largest folds have 
an amolitude of several tens of kilometres. The third phase of deformation 
gave rise to serni-open similar folds with rather steep axial surfaces. Also 
these folds occur on different scales. The Tveit antiform (Falkum 1963) is 
the best macroscopic example of the F3-folds. The folding of the amphibolite 
on Kinn and the mineral lineatians most probably belong to this phase of 
deformation. Contemporaneously with the Tveit phase, or slightly later, 



370 TORGE! R  FALKUM 

Fig. 2. The deformed and metamorphosed agglomerate zone with lenses of varying texture 
and composition (mainly amphibolitic) in an amphibolitic matrix. 

serni-open folds with subhorizontal axial surfaces were formed. The granite 
pegmatite at Kinn seems to have been folded by folds of this type. 

The last deformational phase in the Kristiansand area is less intense th::m 
all the preceding phases. Open to serni-open folds with steep axial surfaces 
and roughly E-W or ESE plunging axes resulted from this deformation. 

Fig. 3. The agglomerate zone exposed at the schistosity surface and a surface at right angle 
to it, showing the !arge difference in shape, size, and texture. The black dots in some of the 
fragments are amphibole crystals. 
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Fig. 4. Viewed at right angle to the schistosity the platy shape is apparent. This shape is 
supposedly due to tectonical flattening. 

These fold axes are believed to be represented on Kinn as the {J-axes 
connected to the great circle through the spread of the mineral Iineations. 
The same geornetry of lineatians and their {J-axes was demonstrated in the 
Tveit area (Falkum 1966) approximately 10 km to the NE. 

Fig. 5. Some of the fragments in the agglamerate are zoned by a white rim around the margin, 
as seen in the angular block in the lower left corner. 
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Fig. 6. Microphotograph of the border zone between the coarse-grained matrix and a finer 

grained inclusion. Lower nicol, magnification 4x. 

Thus the rocks on Kinn have been thoroughly deformed and recrystall
ized, so that the present mineral assemblage is entirely of metamorphic 

origin. Despite the profound alteration, some primary structures are believed 

to have survived. This is the fragment-strueture in one layer of ten metre 

thickm:ss which runs across the whole island (see map, Fig. 1). The rock 
is depicted in Figs. 2-5, in which especially the inhomogeneous distribution 
of the inclusions can be seen. 

One of the most striking features is the inhomogeneity of the sizes of the 

fragments. They occur in all sizes from one centimetre pieces to blocks 
measuring up to half a metre in length. Many of the fragments have tabular 

shapes parallel with the schistosity. In Fig. 2 the exposed surface is approxi

mately at right angles to the schistosity, and the platy structure is apparent. 

When viewed on a schistosity surface most of the fragments are seen to be 

equi-dimensional plates. 

The platy appearance is convincingly demonstrated in Fig. 3, where both 

the schistosity surface and a surface at right angle& to it are exposed. Further

more, the difference in size and texture can be seen. The mineralogkal 

variance is within the range of an amphibolite, and the fragments of varying 

composition are seen to have a completely erratic distribution. 

It is important to recognize the different texture and colour, especially 

in those fragments lying side by side, because this is essential in a discussion 

of the origin of this rock. It is also important to note that the rock has 

suffered a thorough deformation. The platy fragments may be deformed 
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Fig. 7. Larger magnifi

cation of the inclusion 

(Fig. 6) with a blasto

ophitic texture. Lower 

nicol, magnification 18x. 

and almost pinched apart as seen in Fig. 4. The platy structure is certainly 

to same extent the result of the deformation. 

Another characteristic feature of some fragments is that they are zoned. 

The zoning may be expressed by a light rim at the margin. This can be seen 

in some angular fragments in Fig. 5. In other fragments zoning is expressed 

by a darker care making up less than half of the fragment. In another type 

of fragment there is a concentration of !arge homblende crystals, so the size 

and the amount of the crystals may also give an apparent zoning. 

Thus. in summary, the field investigation revealed a ten meter thick rock 

unit of amphibolite which included angular and platy fragments also of 

amphibolitic composition. The platy structure of the fragments seems, at 

!east partly, to be the result of the structural deformation of the rock 

complex. The textural and compositional inhomogeneity of the fragments, 

however, especially those lying side by side, excludes a complete deforma

tional and metamorphic origin of this structure. Consequently only the 

flattening seems to be a result of the later evolution of the rock complex. 

Thus another cause must be sought in order to explain the fragment

structure. 

3 
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Fig. 8. The dark dots of amphibole crystals from an inclusion are clusters of smaii crystals. 

Lower nicol, magnification 8x. 

PETROGRAPHIC DESCRIPTION 

The most striking difference on the microscopic scale between the main 

amphibolite and the fragment-filled amphibolitic layer is the textural dif

ference. The fragments are either very fine-grained or coarse-grained. Fig. 6 

shows the contact between the matrix and a fine-grained inclusion (analysis 
Ki-3). The amphibole in the inclusion is to some extent oriented, but Iarger 

magnification (Fig. 7) reveals an ophitic"Iike texture. (blasto-ophitic). These 
inclusions are the light ones in Figs. 2-5. In addition, there are inclusions 

filled with Iarge amphibole aggregates. These occasionally contain pyroxene 
(analyses 0-32-23A and Ki-5). Large amphibole grains are usually surroun

ded by numerous smaller grains (Fig. 8). The matrix is normally more 

even-grained with a strongly schistose appearance. Only seldom does it 

contain pyroxene (analysis 0-32-23B). 

The only mineralogical difference between the main amphibolite and the 

fragment-filled amphibolitic layer is that the. latter contains clinopyroxene, 

which was never observed in the former (Falkum 1969). The diopsidic 

pyroxenes are often found as partly transformed cores in the larger amphi

bole grains. The amphiboles, which are bomblendes of somewhat varying 

composition, are normally gathered in aggregates (Fig. 8). Epidote and 

clinozmsite are found together with diopside in the calcium-rich inclusions. 

Sphene is the most important accessory mineral, and is sometimes present 

in a considerable amount. 
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Table l. 

Chemical composition Mineralogical composition 

Weight Cation 
Ki-3 % % Catanorm Mesonorm Niggli values 

Si02 53.00 50.27 Q 3.56 Q 3.71 si 1 36 

Ti02 1 .24 0.88 OR 5.45 OR 0.55 al 22 

Al203 14.60 16.33 Ab 29.80 Ab 29.80 alk 1 0  
Fe203 2.90 2.07 An 23.20 An 23.20 f m 42 
FeO 7.20 5.71 Hy 1 3.77 Bi 7.83 c 26 

M gO 5.51 7.79 Di 18.79 Act 28.60 mg 0.50 
Ca O 9.53 9.69 k 0.1 5 

Na20 3.24 5.96 M t 3.10 Sph 2.65 Q z -2 
K20 0.90 1 .09 Il 1 .77 M t 3.1 0 cjfm 0.62 

P205 0.26 0.21 Ap 0.56 Ap 0.56 al-alk 1 2  

H20+ 1.47 

99.85 1 00.00 Colour 37.99 Colour 42.74 

index index 

Tables 1-5 Anal. T. Falkum - MgO B. Jensen - H20 T. Foss 

GEOCHEMISTRY 
Five chemical analyses, their norms, and Niggli values are presented in 
Tables 1-5. The analytical procedure was described elsewhere (Falkum 1969). 
The analyses Ki-3, Ki-5, Ki-6, and 0-32-23A are from inclusions, and 
0-32-23B from the matrue Analyses 0-32-8, 0-32-14B, 0-32-21, 0-32-30 are 
from the surrounding amphibolite and are previously published in Falkum 
(1969). 

The variation of the chemical composition of the different amphibolitic 
samples is somewhat restricted, except for the high calcium and low sodium 

Table 2. 

Chemical composition Mineralogical composition 

Weight Cation 
Ki-6 % % Catanorm Mesonorm Niggli values 

Si02 51.40 49.09 Q 1 .53 Q 1 .1 3  si 1 25 

Ti02 1 .21 0.87 OR 5.97 OR 1.01 al 19 

Al203 1 3.25 14.92 Ab 24.36 Ab 24.36 al k 8 

Fe203 2.51 1 .80 An 22.14 An 22.1 4 fm 46 

FeO 8.1 2 6.49 Hy 1 7.50 Bi 7.93 c 27 

M gO 6.96 9.91 Di 23.51 Act 37.57 mg 0.55 

Ca O 10.40 10.64 k 0.20 

Na20 2.63 4.87 M t 2.71 Sph 2.61 Q z -6 

K20 0.98 1.19 Il 1 .74 M t 2.71 cjfm 0.59 

P20;; 0.20 Ap 0.54 Ap 0.54 al-alk 11 

H20+ 1 .56 

99.02 100.00 Colour 46.00 Colour 51.36 

index index 
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Table 3. 

Chemical composition Mineralogical composition 

0-32- Weight Cation 

23A % % Catanorm Mesonorm Niggli values 

Si02 49. 40 47. 52 Q Q si 115 

Ti02 1.32 0. 96 OR 5. 00 OR 5. 00 al 19 

Al203 13.60 15.35 Ab 18.11 Ab 14. 18 al k 6 

Fe203 1.40 1. 02 An 26.81 An 26. 81 f m 39 

FeO 7. 99 6. 47 Hy 7.04 Bi c 37 

M gO 5. 93 8.56 Di 38. 37 Act 17. 64 mg 0. 54 

Ca O 14. 75 15.30 01 0. 66 Ed 12. 57 k 0. 22 

Na20 1. 93 3. 62 M t 1.53 Di 10. 83 Q z -7 

K20 0. 81 1. 00 Il 1. 92 Sph 2. 88 cjfm 0. 95 

P20s 0. 20 Ap 0. 55 M t 1. 53 al-alk 13 

H20+ 1. 80 Ap 0. 55 

98. 93 100.00 Colour 50. Q7 Colour 46. 00 

index index 

content in Ki-5, 0-32-23A, and 0-32-23B. The first two samples are the 

diopside-carrying inclusions, and the last one is from the matrix surrounding 

sample 0-32-23A. · 

In an attempt to classify the different samples, all analyses were plotted 

in an al-alk diagram. These plots show that all samples can be classified as 

relatively alkali-poor according to the classification of Burri (1959), as all 

samples, except 0-32-30, can be classified as calcium-rich. Considering the 

cjfm ratio (see Tables 1-5) there is a difference from 0.52 to 0.95 with the 

diopside-carrying inclusions having the largest ratio. lt is thus a question 

Table 4. 

Chemical composition Mineralogical composition 

0-32- Weight Cation 

23B % % Catanorm Mesonorm Niggli values 

Si02 49. 80 47. 37 Q 0. 56 Q si 113 

Ti02 1.20 0. 86 OR 4. 85 OR 4. 85 al 17 

Al203 13.10 14. 69 Ab 18. 45 Ab 14. 71 al k 6 

Fe203 3. 00 2.15 An 25. 08 An 25. 08 f m 45 

FeO 7. 83 6. 23 Hy 12. 73 Bi c 32 

M gO 7. 25 10. 28 Di 32. 85 Act 29.20 mg 0 .55 

Ca O 13.31 13. 56 01 Ed 11. 96 k 0.21 

Na20 2. 00 3. 69 M t 3. 22 Di 7. 86 Q z -9 
K20 0. 80 0. 97 Il 1.72 Sph 2. 58 cjfm 0. 71 
P2os 0. 20 Ap 0.54 M t 3. 22 al-alk 11 

H20+ 1.53 Ap 0.54 

99. 82 100.00 Colour 51.06 Colour 55. 36 

index index 
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Table 5. 

Chemical composition Mineralogical composition 

Weight Cation 
Ki-5 % % Catanorm Mesonorm Niggli values 

Si02 49.90 48.09 Q 3.72 Q 0.99 si 116 
Ti02 1.07 0,78 OR 5.53 OR 5.53 al 19 
Al203 13.55 15.40 Ab 12.15 Ab 12.15 alk 4 
Fe203 2.80 2.03 An 29.65 An 29.65 f m 41 
FeO 7.97 6.43 Hy 8.58 Bi c 36 
Mg O 5.89 8.46 Di 35.23 Act 29.22 mg 0.50 
Ca O 14.60 15.08 Di 16.54 k 0.31 
Na20 1.30 2.43 M t 3.05 Sph 2.33 Q z -1 
K20 0.90 1.11 Il 1.55 M t 3.05 cjfm 0.88 
P20s 0.20 Ap 0.54 Ap 0.54 al-alk 15 
H20+ 1.70 

99.68 100.00 Colour 48.95 Colour 51.68 
index index 

whether this chemical variation can be ascribed to magmatic differentiatioa, 

or if some other processes could have produced the observed variation. For 

instance, calcite from cavities in a lava could have been incorporated into 

the rock during the metamorphism. The calcite could also come from 

sedimentary layers. 

In differentiating magmas, iron, calcium, titanium, and magnesium de

crease, while the alkalies and silica increase as the crystallization proceeds. 
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stipled area. 

The variation diagram, Fig. 9, shows that the three analyses with the highest 

calcium content are situated on the low silica (si) side, corresponding to the 

earlier differentiated rocks. Both alk and al show a slight increase with in

creasing silica. The c-value decreases with increasing silica, although the two 

diopside-carrying inclusions (Ki-5 and 0-32-23A) are a little too high to yield 

a smooth curve. Also for fm there is a general decrease, although the same 

two samples are lower than the si-rich samples. This diagram shows that 

the rocks could be members of a differentiated magma series. However, the 

two diopside-carrying inclusions should be more thoraugbly investigated 

since they gave too high a c-value and too low a fm-value to give a 

smooth curve. 

The plats of mg versus k (Fig. l O) do not reveal a simple trend as shown 

10 80 A3 

0 30 

t 
8 6.!Zl. 

21 0 014 
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l 4 AS 

2 Fig. 11. The mg-alk diagram. Triangles show 0.40 0.50 0.60 
samples from the agglomera te zone, and circles 

-- mg-
country rock samples. 
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Fig. 12. The mg-c diagram (Leake 1964). The curved, horizontalline represents the differenti
ation trend of the Karroo dolerites. 

by Evans & Leake (1960) for differentiated rocks. It must, however, be 

remembered that alkali metasornatism may have occurred during the 
metamorphism. Leake (1964) regarded this process to have eaused the 
erratic distribution pattem of the mg - k and mg - alk plots from the 
Connemara amphibolites. Regarding the mg-alk diagram (Fig. 11) there is 
a distinct trend in the increase in alk, while mg remains practically eonstant 
The samples in question are possibly too close in chemical composition to 
give a distinct magmatic trend. Some of the amphibolite samples could 
weil represent a differentiated magma series, but it is questionable whether 
some ot them are ortho-amphibolites at all. The plots in the MgO-CaO
FeO-diagram of Walker et al. (1960) may be indicative of a sedimentary 
origin for the calcium-rich samples. It should, however, be pointed out that 
Heier (1962) found that the plots in this diagram are in contradiction to the 
conclusion reached on the basis of his trace element data. Furthermore, 
applying the discriminant function of Shaw & Kudo (1965), all samples gave 
a positive value, indicating that they are ortho-amphibolites. 

Possibly the 'trend' -diagrams of Leake (1964) can clarify this question. 
The plots in the mg-c diagram of Fig. 12 shows that six of the samples are 
close to the curve displayed by the Karroo dolerites. The calcium-rich 
samples fall above the curve and may represent some extreme values of 
the series. On the other hand, they may represent the normal type, which 
was mixed with some calcium-rich material, Iimestone, etc. Basification of a 
magma by assimilation of limestone or dolomite is a well-known process 
(Bowen 1928, Parsons 1968). 

The next diagram (Fig. 13) shows that all analyses fall close to the 
differentiation trend of the Karroo dolerites (Leake 1964). The calcium-rich 
samples are dosest to the 'limestone' comer (c = 100), and they plot ap-
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Fig. 13. The 100 mg-c-(al-alk) diagram. The Kinn samples are on the c-rich side of the dif

ferentiation trend line of the Karroa dolerites. 

proximately at the same position as the Langöy ortho-amphibolites from 
the Lofoten area (Heier 1962), especially sample 0-32-23B. Thus all samples 
from the Kinn amphibolitic complex seem to be ortho-amphibolites, although 
it cannot be excluded that a minor amount of calcite was admixed to the 
calcium-rich samples. 

Returning to the question of magmatic differentiation, the catanorm
ative plots in the diopside-anorthite-albite diagram of Bowen (1915) indi
cate that the calcium-rich samples represent an earlier stage of differentiation. 
Also the anorthite-albite-orthoclase diagram shows the same relationship 
with the calcium-rich samples dosest to the An-corner. 

The diagram of Fig. 14 shows the present analyses compared to the two 
magmatic series from Hawaii and the British Hebridian. Because of the low 
alkali-content, the Kinn amphibolites correspond to the tholeiitic series. Ac
cording to this diagram the calcium-rich samples are from an earlier stage 
of differentiation than the other samples. The other diagram (Fig. 15), 
published by Murata (1960) during a study of differentiation of basaltic 
magmas, is shown with the superimposed plots of the Kinn amphibolites 
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Fig. 14. Variation diagram for alkalis versus silica. Shaded area and solid Iines after Baragar 

(1960). The dashed Iines separating the Hawaiian tholeiites (below) from the alkali basalt 

series, after MacDonald and Katsura (1964). 

along the tholeiitic trend of differentiation. In this diagram, however, the 

calcium-rich samples cannot be separated as early differentiates campared 

with the other samples. 

DISCUSSION AND PETROGENETIC CONCLUSION 

The comparison between ortho-amphibolites from other areas and the 

Kinn amphibolites indicates that the latter are ortho-amphibolites. It is not 

clear, however, whether the high calcium-content in three of the samples 

Fig. 15. The Al203/Si02 
ratio-MgO diagram. The 
tholeiitic differentiation 
trend Iine is the vertical 
Iine to the left, while the 
right Iine represents the 

alkali series. After Mur

ata (1960). Triangles re

present the samples Ki-5, 

0-32-23A and B. Squares 

Ki-3 and Ki-6. Circles 

are the country rock am

phibolites (0-32-8, 0-32-

14B, 0-32-21, and 0-32-

30). 

1 
%Mg O 

l 

10 

o 
Pyroxen e 
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was eaused by an actmixture of calcium-rich material to a volcanic rock, or 

sim p ly was a consequence of magmatic differentiation. Kalsbeek ( 1962), in 

his study of some amphibolites from the Belledanne Massif in the French 

Alps, found that they originated from a mixture of about 80 % basaltic 

material and 20 % of graywacke. Such a rock would chemically be very 

similar to the ortho-amphibolites. This question is, however, supposed to be 

solved in a future trace element study. 

Even if it is accepted that the Kinn amphibolites are ortho-amphibolites, 

there would still be several possible origins for the fragment structure, 

although the sedimentary structures can be omitted from the discussion. The 

following modes of origin will be discussed: 

l. Formation by brecciation. 

2. Formation by boudinage and subsequent deformation of a layered 

basic rock. 

3. Formation of lenses and angular fragments due to shearing along 

complementary shear planes. 

4. Formation by a basic intrusion into a layered basic complex. 

5. Formation by extrusion and/or explosion activity of volcanic rocks 

(agglomerate). 

If frietian-brecciatian eaused the amphibolitic fragment structure, the 

brecciatian must have occurred before the main metamorphism and deforma

tions. Even if the rock can be considered a healed breccia, it is not reasonable 

that the present matrix should be a homogeneous amphibolite. All the post

killernatic breccias observed in the Kristiansand area are always character

ized by an introduction of earbonates andfor quartz. 
Other kinds of explosion breccias are known from many parts of the 

world. In Norway the Fen area is interpreted as an explosion vent (Bergstöl 

& Svinndal 1960). All the explosion breccias dissect the Precambrian 

basement: the Sevaldrud breccia to the west of the Oslo-Graben (Brögger 

1931), lhe Gardnos breccia in Hallingdal (Broch 1945), the Fjone vent (Dons 

1965, Bowes & Wright 1965), and the breccia reported by Svinndal & Barkey 

(1968). The 'volcano' at Skår, 20 km to the northwest of Kinn, is possibly 

also an explosion breccia (Björlykke 1924). 

Excellent examples were described from Germany by Cloos (1941), and 

an interesting example of a breccia with ultrabasic inclusions was described 

by Bondesen (1964) from Sermersut, south-west Greenland. Bondesen (1964) 

concluded that the fluidization process, advocated by Reynolds (1954) was 

the most Iikely process leading to the emplacement of the breccia. Such 

gaseous emplacement would dissect the country rocks in a highly irregular 

manner, and this is true for all the above-mentioned breccias. In contrast to 

this, the fragment layer on Kinn is very regular and paraHel to a Iithologic 

layer without cross-cutting contacts. Thus the field evidence would make it 

a most unusual explosion breccia. 
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This argument can also be applied against a formation from a pre-meta
morphic boudinage structure. If a layered sequence was boudinaged, a regular 
distribution would be expected, since one particular layer would give 
fragments of the same composition. Again, the field observations show 
an irregular distribution of blocks of different texture and composition. 
Consequently also this possibility is ruled out by the field appearance of 
the rock. 

Complementary shear planes in a layered basic rock could produce angular 
fragments, which subsequently could be displaced along the shear planes 
causin12; an irregular distribution of the blocks from the same layer. lt is, 
however, improbable that an area, deformed by complementary shears, would 
be confined to a rather thin Iithologic layer in a homogeneous formation. 

Consequently the tectonic disturbances of the rock complex cannot explain 
the fragment structure. Therefore the possibility that the inclusion-filled 
rock was a basic intrusion or extrusion remains as the most probable explana
tion. The structures resemble agglamerate structures, and the absence of 
obvious exotic blocks togetlier with the uniform composition of blocks and 
matrix substantiate this conclusion. A volcanic agglamerate of the same type 
and origin as those described from the Faröes by Noe-Nygaard & Rasmus
sen (1957) is the most acceptable model to explain the primary Kinn rocks. 
On the Faröes the 'tuff-agglomerate zone' has a considerable areal extension, 
while its thickness is small (20-30 m). The agglomerate contains volcanic 
bombs, lapilli, and ash produced during an explosive phase. Both below and 
above the agglomerate, thick basalt flows occur (Noe-Nygaard & Rasmussen 
1957). 

A certain zoning in some of the inclusions (Fig. 5) is possibly eaused 
by a temperature difference between the inclusions during an early stage of 
deformation. A similar zoning occurs in some of the fragments in an 
agglomerate in the Selbustrand area, south of Trondheim, described by 
Torske (1966). This locality was visited by the present writer, who was 
immediately struck by the resemblance to the Kinn rocks. 

Agglomerates were never before reported from the Agder-Rogaland region. 
Such rocks were previously known to occur in the low metamorphic Tele
mark suite (Werenskiold 1910, Dons 1960, Barth & Reitan 1963). The dosest 
locality was reported by Mitchell (1967) and is situated east of the lake 
Nisservann one hundred and forty kilornetres to the northeast of Kristian
sand. These agglomerates are all recognized as such by pure field ob
servations. 

As previously stated (Falkum 1969), it is important to establish if surface 
volcanism of basic affinity occurred in the Kristiansand area. These rocks 
would then be an important source of material for the basic layers in the 
banded gneisses. Some of these basic layers were possibly tuffs, and the 
layering in some parts of the Kinn amphibolite may also be of tuffaceous 
origin. Such layers are occasionally found in the basaltic sequence described 
by Noe-Nygaard & Rasmussen (1957) from the Faröes, where also coal-
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hearing sediments are interstratified. In this connection it should be remem

bered that a thin acid layer of sedimentary origin occurs on Kinn (Falkum 

1969). If some of the thin layers on Kinn are tuffs, it does not contradiet 

the suggestion that the rest of the rock camplex is an extrusive basalt 

sequence with an agglamerate zone. 

Extrusive volcanic layers of basic composition, together with thin layers 

of marble, sillimanite-schists, and feldspathic quartzite and thicker layers 

of banded and striped gneisses, indicate that eugeosynclinal or geanticlinal 

conditions prevailed during the sedimentation of the Kristiansand rocks. 

Some of the main formations in the present migrnalite camplex are the banded 

gneiss formations (Falkum 1963). Dietrich (1959, 1960) suggested that the 

Randesund banded gneiss formation has a thickness of several kilometres. 

The numerous basic layers of varying thicknesses in the banded gneiss forma

tions are thus an importnnt part of the whole sequence. As surface volcanism 

most probably occurred in this area, it is suggested that at least some of the 

amphibolitic layers in the banded gneisses are of volcanic origin, and the 

model for the origin is a kind of flysch sedimentation in the sense of Aubouin 

(1965). 
Thus in conclusion, the following observations are emphasized. l) The 

chemical composition of the Kinn amphibolites shows that they are ortho

amphibolites. 2) The main elements give an ambiguous answer as to the 

question if the calcium-rich samples represent early stage differentiates, or 

if the basificaton was due to a minor admixture of calcium-rich material. 

Even if some of the inclusions in the fragment-filled amphibolitic layer re

present mixtures between volcanic and sedimentary rocks, this layer is 

supposed to be an agglamerate zone. It is also important to note that the 

tholeiitic lava from Hawii exhibits a larger variation according to the ana
lyses from MacDonald & Katsura (1964) than the nine samples from the 

Kinin amphibolite dolerites. 

ACKNOWLEDGEMENTS 

The writer is indebted to Norges Geologiske Undersökelse for the finan

dal support during the field work. Mrs. B. Jensen and Mr. T. Foss analysed 

MgO and H20, respectively. Professors H. J. Zwart and N. Spjeldnres, and 

Dr. F. Kalsbeek have critically read the manuscript. Mr. I. Madirazza correc

ted the English text. To all these, and to the Dean Prof. S. Saxov and the staff 

of the GeologicaJ Institute, Aarhus University, the writer would like to express 

his thanks for help in connection with the preparation of this paper. 

28th March 1969 

Geologisk Institut, 

Aarhus Universitet 

Denmark 



REFERENCES 

DEFORMED AGGLOMERATE IN PRECAMBRIAN MIGMATITE, S. NORWAY 385 

ADAMs, F. D. 1909: On the origin of the amphibolites of the Laurentian area of Canada. 
Jour. Geol. 17, 1-18. 

AoAMS, F. D. 1910: The origin of the deep-seated metamorphism of the pre-Carobrian crystal
line schists. Compt. Rend. Intern. Geol. Congr. Stockholm 1910, 563-572. 

AUBOUIN, J. 1965: Developments in Geotectonics l. Geosynclines. 333 pp. Elsevier, Amsterdam. 
BARAGAR, W. R. A. 1960: Petrology of basaltic rocks in part of the Labrador trough. Geol. 

Soc. America Bull. 71, 1589-1644. 

BARTH, T. F. W 1930: Om opprinnelsen av enkelte grunnfjellsamfiboliter i Agder. Norsk 

Geol. Tidsskr. 11, 219-231. 

BARTH, T. F. W. 1959: Principles of classification and norm calculation of metamorphic rocks. 
Jour. Geol. 67, 135-152. 

BARTH, T. F. W. 1962: A final proposal for calculating the mesonorm of metamorphic rocks. 
Jour. Geol. 70, 497-498. 

BARTH, T. F. W. & REITAN, P. 1963: The Precambrian of Norway. pp. 25-fO in Rankama, K. 
The Precambrian l. Intersci. Publishers, J. Wiley & Sons, New York. 

BERGSTÖL, S. & SviNNDAL, S. 1960: Carbonatite and per-alkaline rocks of the Fen area. 
In Holtedahl (ed.) Geology of Norway. Norges Geol. Undersök. 208, 99-105. 

BJÖRLYKKE, K. O. 1924: En vulkanrest ved Skaar i Greipstad, Vest-Agder. Norsk Geol. 

Tidsskrift. 7, 271-280. 

BoNDESEN, E. 1964: An intrusion breccia with associated ultrabasics from Sermersut south
west Greenland. Medd. om Grönland. 169, No. 7, 4-36. 

BoWEN, N. L. 1915: The crystallization of haplobasaltic, haplodioritic and related magmas. 
Am. Jour. Sci. 40, 161-185. 

BowEN, N. L. 1928: The Evolution of the /gneous Rocks. 334 pp. Dover Pub!. lnc. N. Y. 
BoWES, D. R. & Wright, A. E. 1965: A comparison of the breccia-metagabbrosyenite complex 

at Fjone, South Central Norway, with some explosion-breccia-appinite complexes in the 
Caledonian orogenie helt of Scotland. Norsk Geol. Tidsskr. 45, 463-472. 

BROCH, O. A. 1945: Gardnosbreksjen, Hallingdal. Norsk Geol. Tidsskr. 25, 16-25. 

BRÖGGER, W. C. 1931: Die Explosionsbreccie bei Sevaldrud zwischen Randsfjord und Speril
len. Norsk Geol. Tidsskr. 11, 281-346. 

BuRRI, C. 1959: Petrochemische Berechnungsmethoden au[ Äquivalenter Grundlage. 334 pp. 
Birkhäuser Verlag, Basel und Stuttgart. 

CLoos, H. 1941: Bau und Tätigkeit von Tuffschloten. Geol. Rundsch. 32, 709-800. 

DIETRICH, R. V. 1959: Geological reconnaissance of the area between Kristiansand and 
Lillesand. Norges Geol. Undersök. 205, 41-78. 

DIETRICH, R. V. 1960: Banded gneisses of the Randesund area, southeastern Norway. Norsk 

Geol. Tidsskr. 40, 13-63. 

DoNs, J. A. 1960: Telemark supracrustals and associated rocks. In Holtedahl, O. ed. Geology 
of Norway. Norges Geol. Undersök. 208, 49-57. 

DoNs, J. A. 1965: The Precambrian rocks of the Telemark area in South Central Norway. 
IV. Calcite syenite with marginal breccia at Fjone. Norsk Geol. Tidsskr. 45, 57-68. 

EvANs, B. W. & LEAKE, B. E. 1960: The composition and origin of the striped amphibolites 
of Connemara, lreland. Jour. Petrology l, No. 3, 337-363. 

FALKUM , T. 1963: En geologisk undersökelse av metasedimentkomplekset i Tveit.- Unpub

lished thesis, Univ. of Oslo, 124 pp. 

FALKUM, T. 1966: The complex of metasediments and migmalites at Tveit, Kristiansand, I. 
Norsk Geol. Tidsskr. 46, 85-110. 

FALKUM, T. 1969: Geology of the island Kinn in the Kristiansand Skaergaard.- Norges Geol. 

Undersök. (In press). 

HEIER, K. S. 1962: The possible origins of amphibolites in an area of high metamorphic 
grade. Norsk Geol. Tidsskr. 42, 157-165. 



386 TORGEIR FALKVM 

KALSBEEK, F. 1965: On the origin of some banded amphibolites and gneisses in the Belle
doune Massif (French Alps). Neues Jahrb. Miner. Abh. 102, 2, 177-188. 

LEAKE, B. E. 1964: The chemical distinction between ortho- and paraamphibolites. Jour. 

Petrology 5, 238-254. 

MAcDoNALD, G. A. & KATSURA, T. 1964: Chemical composition of Hawaiian lavas. Jour. 

Petrology 5, part l, 82-133. 

MrrcHELL, R. H. 1967: The Precambrian rocks of the Telemark area in south central Norway. 
Norsk Geol. Tidsskr. 47, 295-332. 

MuRATA, K. J. 1960: A new method of plotting chemical analyses of basaltic rocks. An

Jour. Sci. 258-A, 247-252. 

NoE-NYGAARD, A. & RASMUSSEN, J. 1957: The making of the basalt plateau of the Faroes. 
Rept. XX Internat. Geol. Congr. Sec. J, No. 2, 399-407. 

PARSONS, I. 1968: The origin of the basic and ultrabasic rocks of the Loch Ailsh alkaline 
intrusion, Assynt. Scott. Jour. Geol. 4, part 3, 221-234. 

RAMSAY, I. G. 1960: The deformation of early linear structures in areas of repeated folding. 
Jour. Geol. 68, 75-93. 

REYNOLDS, L. 1954: Fluidization as a geological process, and its hearing on the problem of 
intrusive granites. Am. Jour. Sci. 252, 577-614. 

SHAw, D. M. & Kuoo, A. M. 1965: A test of the discriminant function in the amphibolite 
problem. Min. Mag. 34, No. 268, (Tilley vol)., 423-435. 

SVINNDAL, S. & BARKEY, H. 1967: An explosion-breccia occurrence in Hjölmodalen. Norges 

Geol. Undersök. 247, 44-50. 

ToRSKE, T. 1965: Geology of the Mastadmarka and Selbustrand area, Tröndelag. Norges 

Geol. Undersök. 232, 1-83. 

WALKER, K. R. et al. 1960: Metamorphic and metasomatic convergence of basic igneous 
rocks and lime-magnesia sediments of the Precambrian of North-Western Queensland. 
Jour. Geol. Soc. Australia 6, part 2, 149-177. 

WEISS, L. E. 1959: Geometry of superposed folding. Geol. Soc. America, Bull. 70, 91-106. 

WERENSKIOLD, W. 1910: Om Öst-Telemarken. Norges Geol. Undersök. 53, 3-71. 


