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LAYERED GABBRO, HORNBLENDITE, 

CARBONATITE AND NEPHELINE SYENITE 

ON STJERNØY, NORTH NORWAY 

KNUT S. HEIER* 

Ab s t r a  c t. The geology of a small area on the island of Stjernøy, within 
the Seiland petrographic province in North Norway, is described. The rock 
types range from ultrabasic to nepheline syenite and pegmatite. Rocks of gab
broic affinities dominate. 

An interesting relationship exists between layerecl gabbro, hornblendite, 
carbonatite, and nepheline syenite. 

Introduction and acknowledgements 

This report is concerned with the geology of a small part of Stjern
øy, West Finnmark, North Norway. 

The field work was done during 2 months in the summer of 1959 

and the laboratory work was done in the Mineralogisk-Geologisk 
Museum, Oslo, in 1959 and 1960. 

The work was started on the recommendation of Professor T. F. W. 
Barth, Mineralogisk Museum, Oslo, who has spent several summers 
in the general area of the Seiland province, and who has expert know
ledge of the intricate genetical problems exhibited by the exposed rocks. 

The work was planned as part of a large scale geological investi
gation of the Seiland province. 

In the summer of 1959 Dr. E. Weedon, of Glasgow University, 
began a detailed study of the Bumansfjord layered gabbro complex 
on Seiland. Dr. Sturt, of London University, and Dr. Ramsay, of 
the University of St. Andrews, Dundee, at the same time began an 
investigation on Sørøy of the contact relations between gabbro and 

* Dept. of Geology, Rice University, Houston, Texas. 



110 KNUT S. HEIER 

metamorphic supracrustal rocks. Results of these studies will be 
published later. 

Mr. J. Hysingjord has made a general geological map of the 
western half of Stjernøy, including the area described in this report. 
The work of Hysingjord is available as a thesis for the degree of cand. 
real. at the University of Oslo (HYSINGJORD, 1960) and will be publi
shed later. I want to thank him for most generously allowing me to 
include some of his analytical data in this report. The existence of a 
regional geological map greatly accelerated the field work. 

N ansenfondet is heartily thanked for a generous grant covering 
all expences connected with the field work. Christiania Spigerverk AfS, 
Oslo, gave some financial aid. 

Location, topography and climate 

Stjernøy is located about 50 km southwest of Hammerfest, West 
Finnmark, North Norway, at about 22-23°E longitude and 70-71 °N 
latitude. 

The topography is very rugged with narrow valleys and steep, 
sometimes inaccessible mountain summits attaining an elevation of 
about 1000 m. 

Vegetation is restricted to the shore, with only moss and lichen 
found higher up. This, however, is enough to feed the reindeers 
which inhabit the island from May to October. The carbonatite on 
Stjernøy yields excellent soil on which grass is to be found several 
hundred metres above sea level. 

The climate is cold and wet with frequent storms during autumn 
and winter. In the summer the sun stays above the horizon 24 hrs. 
resulting in somewhat higher temperatures, although summer snow 
is by no means rare. The summer of 1959 was especially cold and wet. 

Habitation is restricted to a dozen families living dose to the sea. 
Fishing is their major occupation. At Sørfjord there is a small shop 
visited by a local steamer three times a week. 

Earlier geological investigations 

Very little about the geology on Stjernøy has so far been published. 
STRAND (1952) described the carbonatite and (1950) commented upon 
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the weathering and glaciation phenomena. UNDÅS (1938) measured 
old shorelines and terraces. 

The files of the Geological Survey of Norway contain reports 
of short visits to Stjernøy by KV ALE and NEUMANN, 1938; POULSON, 

1948; RAMBERG and SIGGERUD, 1953. 

M. G. OosTEROM mapped the eastern part of Stjernøy during the 
summer of 1954, and ]. HYSINGJORD (1960) the western part. 

General geology of the area, and scope of present investigation 

Stjernøy belongs to a petrographic province of dominately mafic 
and ultramafic rocks on the north west coast of Norway known as 
the Seiland province, Fig. l. It is believed to be part of the Norwegian 
Caledonides. However, rocks of nonorogenic type; i.e. , carbonatite 
and nepheline syenite are present and characteristic. U - Pb analyses 
of zircons from the nepheline pegmatites in the area are too unreliable 
(Table l) to be of any value for age determinations. Even some of 
the youngest rocks in the area are affected by folding, and post Cale
donian age appears unlikely. 

Table l. Radioactive age of minerals from the Seiland province (compiled from 

Rock type j 
l 

Plumasite l 
pegmatite .. 
Pegmatite? 1 
Canadite 
pegmatite . .  
Pegmatite? 
Canadite 
pegmatite . .  1 
Ringit 1 pegmatite . ·l 

Mineral 

Zircon 
Zircon 

Zircon 
Zircon 

Zircon 

Zircon 

Neumann (1960). 

Method Age Locality j Laboratory 

Pb -a 279:;:-�g Sei land Oxford 
Pb -a 294:!g Sei land Oxford 

Pb -a 366:;:-�g Seiland Oxford 
Pb -a 520 Stjernøy U.S.G.S. 

Skarvvann 
Pb -a 910 Seiland U.S.G.S. 

Skarv berg 
Pb -a 930 Seiland U.S.G.S. 

Parts of the Seiland province in areas adjacent to Stjernøy have 
been described by BARTH (1927, 1953), KRAUSKOPF (1954), 00STEROM 
(1954, 1956), and PETTERSEN (1874 a, b, 1883). Most of these authors 
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�------�----------------�--------------�71° 

Fig. l. The Seiland petrographic province. Horizontal lines = Gabbroic rocks, 

partly layered. White = Caledonian sediments. Dots = Raipas Formation. 

(Reproduced from Barth, 1953). 

discuss very specific petrological problems but KRAUSKOPF (1954) 
gives a regional description of rocks and structures of the Øksfjord 
area south and southwest of Stjernøy. 

Gabbro is the characteristic and most abundant rock type within 
the Seiland province. Ultramafic rocks, anorthosite, amphibolite
hornblendite, garnet-biotite gneiss, syenite, nepheline syenite, ne-



LA YERED GABBRO, ETC.* 

1 Km. 

STJERNSUND 

Horn blend de 

Carbonotite 

Nepheline syenite 

Syenite 

Silrcote gnersses 
south of nepheline 
syerue 

113 

Nephe i rne -a l �1fe "-l?.ig.mot1te 
ond skarn gnersse,$.. wrth 
calc rte rn corbontdite 

Skarngne rsses "'rt!" 
carbonotrte bords 

Fau l t 

Fig. 2. Geological map of the part of Stjernøy discussed in this paper. 

pheline albite (biotite) pegmatite, albite (biotite) pegmatite, carbona
tite, and metalimestone occur in smaller amounts. All of these rock 
types (except metalimestone, and anorthosite which is found only as 
bands in banded gabbro) occur on Stjernøy and occur within the 
small area described in this report, Fig. 2. 

The purpose of this study was to examine the carbonatite and 
nepheline syenite and their relation to the surrounding rocks. 

In the Seiland province carbonatites are restricted to Stjernøy. 
Nepheline-bearing pegmatites occur on Stjernøy, Seiland, and in the 
Øksfjord area. So far massive nepheline syenite of intrusion like form 
is only known from Stjernøy. (Nepheline syenitic gneisses occur on 
Sørøy, Ramsay and Sturt, 1960, personal communication). 

In the following descriptions and discussions reference IS made to 
the map, Fig. 2. 
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Petrography 

(a) THE GABBROS 

Rocks which chemically, mineralogically, and texturally should 
be termed gabbros (or meta gabbros and gabbro gneisses) are sub
divided into. 

(a l) Gabbro gneiss l, 
(a 2) Gabbro gneiss 2, 
(a 3) Layered or banded gabbro, 
(a 4) Gabbro gneiss 3. 

(a 1) Gabbro gneiss 1, with associated syenitic and quartz rich gneisses. 

This rock type corresponds to the gabbro gneiss l of HYSINGJORD 
(1960), and probably also to the gabbro gneiss l of KRAUSKOPF (1954), 
It occupies the far west area in Fig. 2 and continues beyond the map 
further west and north. 

The gabbro gneiss sometimes shows a tendency towards layering 
of alternating light and dark bands. However, this tendency is not 
very pronounced. The light, plagioclase rich bands typically contain 
garnets. 

Syenitic and quartz-rich gneisses occur as layers parallel to the 
foliation of the gabbro gneiss especially along the contact with the 
hornblendite to the east. Crosscutting contacts are never seen. Like 
the gabbro they are typically foliated. The quartz content is variable, 
and the rocks grade from near quartzites to syenites, monzonites 
and diorites. Garnets and hypersthene are typical constituents of 
these rocks. These gneisses are described as a part of the gabbro gneiss. 

The following minerals are found in the gabbro: plagioclase, 
hypersthene, clinopyroxene, hornblende, (biotite), (green spinel), 
apatite, opaques. 

The plagioclase composition is rather constant between An 50-55. 
Orthopyroxene (hypersthene) may be the dominant femic mineral 

(16% of one rock counted from thin section). It typically shows 
varying stages of alteration into hornblende. North of Sørfjorddalen 
hornblende becomes gradually more important and the gabbro gneiss 
changes into hornblende gabbro and finally into hornblendite. In its 
last stage of alteration hypersthene is only found as small remnants 
in hornblende. 
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Table 2. Mode of gabbroic rocks within the gabbro gneiss l series (point 

counted thin sections). 

Plagioclase (An 50-55) .... 
H ypersthene • • • • •  o • • • • • • •  

Clinopyroxene • o .  o o o • • • • • •  

Horn blende • • • • • • •  o o • • • • •  

Biotite . . . . . . . . . .. . . . . . . . 
Spinel . . .. . . . .. . .. . . . . . . . 
Apati te 

Opaques 

. . . . . . . . . . . . . . . . . 
• • • • • • • •  o • • • • • • •  

! 

18/59 
0/ 
/0 

59 

16 

6 

14 

tr. 

tr. 

5 

1/59 

% 

50 

7 
15 

21 

tr. 

tr . 

7 

150/59 
O' lo 

60 

tr. 

6 

31 

3 

Clinopyroxene is a characteristic mineral present in v arymg 
amounts. As is the case with hypersthene, clinopyroxene is often 
observed altering into hornblende. 

Hornblende is a major mineral. It occurs as independent grains 
as well as surrounding and replacing the pyroxenes. Whether or not 
it is always a secondary mineral is difficult to ascertain. Hornblendes 
of the two modes of occurrence are optically similar; both show 
pleochroism x,-light yellow; y, -light brown; z, -light brown. 

Apatite and opaques are always present as accessory minerals, 
while biotite and green spinel may or may not be present. 

The modes counted from thin sections of three of the rocks are 
given in Table 2. 

The gabbro gneiss l with associated leucocratic layers is considered 
as a meta supracrustal (lavas, tuffs, sediments) series of rocks. 

(a 2) Gabbro gneiss 2. 
This rock type covers the area over Sundfjell. Hysingjord (1960) 

did not distinguish between gabbro gneiss 2 and 3. The two rocks may 
possibly be genetically related. However, there are certain petro
graphic differences between them, and their foliation directions are 
at an angle with each other. 

The contact between the two gabbro series is shown in the topo
graphy as a narrow depression, marked with a heavy dashed line on 
Fig. 2. This depression also marks the border between the hornblen
dite north of Simonvika and the Lassefjordfjell gabbro (layered gabbro, 
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a 3). It is explained as a fault line. The fault plane strikes east-west 
and dips steeply tovvards the south. The fault apparently continues 
across the carbonatite just north of the nepheline syenite (heavy 
dashed line on the map, Fig. 2). The presence of this fault explains 
the intensive mylonitization and the irregular strike and dip directions 
of the skarn gneisses north of the nepheline syenite. The fault also 
explains the angular disconformity between the banding of gabbro 
gneiss 2 and the layered gabbro (a 3). 

Close to the fault the gabbro gneiss 2 exhibits fine-scaled banding, 
but in general the banding is not well developed. 

The characteristic mineralogic feature of this gabbro gneiss type 
is orthopyroxene with beautifully developed green spinel symplectite. 
The spinel symplectite is restricted to the orthopyroxene and is not 
seen coexisting with, or even contacting, clinopyroxene. However, 
green spinel may occur as an independent (primary) mineral, often 
inside, and penetrating into clinopyroxene and hornblende. Whether 
the spinel symplectite in the orthopyroxene is the result of exsolution 
or is caused by simultaneous crystallization is difficult to decide on 
the basis of the textural evidence alone. 

The plagioclase is An 65-70, and may be strongly secondarily 
altered. This alteration of the gabbro increases rapidly towards the 
west on approaching the carbonatite area. 

In places the gabbro gneiss is mylonitized and contains zones of 
fine grained mineral aggregates. In these areas the larger plagioclase 
grains are bent and twisted and accompanied by irregular recrystalli
zation of albite. Scapolitization and saussuritization of the plagioclase 
is also characteristic towards the carbonatite contact. Hypersthene 
and spinel disappear, while clinopyroxene, hornblende and biotite 
remain. At the same time the banding becomes less distinct and finally 
disappears completely. 

In the southern part of this gabbro gneiss banding is nowhere 
developed but the rock is distinctly foliated. This foliation is parallel 
to the fine-scaled banding in the north. The typical minerals in the 
southern part of the gabbro gneiss are: plagioclase (An 60-70); 
scapolite (often as fairly large crystals inside plagioclase, this scapolite 
has a high birefringence which shows it to be rich in C02); calcite 
(as small grains often inside scapolite); clinopyroxene (partly altered 
into hornblende, the horn blende also occurs as independent grains); 
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biotite (colourless-redbrown); apatite (common, often as large cry
stals, sometimes it appears as if apatite veins penetrate the rocks); 
and opaques. 

The texture of the gabbro gneiss 2 is typically mosaic, and its 
metamorphic nature cannot be doubted. 

(a 3 and a 4) Layered gabbro and gabbro gneiss 3. 
The layered gabbro is most characteristically developed on Lasse

fjordfjell where it forms the western continuation of a large area of 
similar rocks. On Lassefjordfjell the layered gabbro extends about 2 
km from south to north (across the layering). 

The layering is produced by a concentration of dark minerals in 
streaks and bands, often with indistinct and gradual contacts with 
the adjacent leucocratic bands. The thickness of the individual bands 
varies from very thin (approx. 1/2 cm) to several metres. The bands 
may be traced for hundreds of metres in the direction of the strike. 

The dark bands only rarely attain the same thickness as the leuco
cratic bands. They are seldom more than 10-20 cm thick. When 
the dark bands occasionally become thicker they generally contain 
narrow plagioclase bands. 

In spite of the great interest in layered gabbroic rocks, especially 
stimulated by the studies of Wager and coworkers on the Skaergaard 
layered complex on East Greenland, a systematic study of the layered 
gabbro on Stjernøy was not undertaken. This was not done because 
the layered gabbro complex on Seiland, which genetically probably is 
identical to the one on Stjernøy, is now being investigated in detail 
by Dr. Weedon of Glasgow University. For the purpose of the present 
study, however, the contact relations between the gabbro and the 
carbonatite, and the changes in the gabbro on approaching this con
tact, were investigated in some detail. 

Concerning the layered gabbro on Seiland BARTH (1953, p. 195) 
mentions that in at least one respect it is different from the layered 
gabbro of the Skaergaard intrusion; e.g. , the Seiland gabbro "has 
no definite side walls, but seems to extend without a clear break into 
the contiguous and analogously layered amphibolite - gneiss com
plex." 

In a general way this also seems to be true of the layered gabbro on 
Stjernøy. (As mentioned before both the gabbro gneisses l and 2 
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Fig. 3. 

Gradational change 

of the la y er ed gabbro 

from East (Fig. 3) 

towards West 

(Fig. 5). 

show indication of layering). However, a fault separates the layered 
gabbro from the gabbro gneiss 2 (and the hornblendite) to the south. 
The topography of the area also suggests a fault separating the layered 
gabbro from the gabbro gneiss to the north. Towards the carbonatite 
in the west, the layered gabbro grades into a gabbro gneiss (gabbro 
gneiss 3) in which the banding is not as well developed or is even non
existent. HvsrNGJORD (1960) considered the layered gabbro and the 
gabbro gneiss 3 as unconnected, and stated that the layered gabbro 
fingers into the gabbro gneiss, and that the rocks of the border zone 
are tectonized. 



Fig. 4. 
Gradational change 
of the layered gabbro 
from East (Fig. 3) 

towards West 
(Fig. 5). 
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The layered gabbro shows up well on aerial photographs, and the 
impresssion of "fingering" into the gabbro gneiss 3 is distinct. The 
change of strike ( = direction of the bands) from east-west in the 
layered gabbro to north-south in the gabbro gneiss (Fig. 2) can also 

be seen to take place over a very short distance. However, a doser 
study of the photographs reveals a diffuse banding of the gabbro 

gneiss with a continuous transition into the layered gabbro. This is 

further clearly confirmed from field observations which also show 
that the sudden change in strike is continuous. Figs. 3, 4, and 5 

show how the banding (layering) of the gabbro gradually becomes 
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Fig. 5. 
Gradational change 
of the layered gabbro 
from East (Fig. 3) 

towards West 
(Fig. 5). 

more diffuse on approaching the carbonatite. The field impression 

is that of metasomatic growth of large hornblende crystals into the 

anorthositic bands; thus imparting to the ro:::k a rather massive look. 

On the south, at the carbonatite co:rttact, the gabbro is a pyrox
enite - hornblendite (1, 2, 3, Table 3) which towards the north 

grades into hornblendite with only little pyroxene. 

In order to check the relations between the layered gabbro and 
the gabbro gneiss 3, two profiles were made from the carbonatite into 
the layered gabbro complex (Table 3, Fig. 2). 

On Lassefjordfjell the banding is very well developed (Fig. 3). 
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Table 3. Modal composition of rocks along two prophiles from the carbonatite 
into the layered gabbro (marked with open circles and corresponding numbers 

Mineral 

Plagioclase . . . .. ..... 
';/0 An ............... 
Ca leite . .. .. ... .. .. .  
Scapolite • •  o • • • • • • •  
Orthopy . • o • • •  o • • • • •  
Clinopy .............. 
Hornbl. ............. 
Biotite • • • • • o • • • • • • •  
Green spinel ......... 
Opaques ... . .. . . . . . . 
Sphene ..... ......... 
Apa tite • • • • • • • • o o • •  o 

Mineral 

Plagioclase • • • • • • •  o o .  
';/0 An ............... 
Calcite • • •  o • •  o o • • • • •  
Scapolite . .. . . . . . . .. 
Orthopy. . . . . . . . . . . . 
Clinopy .............. 
Hornbl. ............. 
Bi o tite ... . . . . . . .... 
Green spinel o • • • • • •  o 
Opaques • • • • • • • • • • •  o 
Sphene .............. 
Apa tite ... . .. .. . .... 

on the map Fig. 2.) 

l 2 3 4 
(dark) 

19.8 
35 

0.6 tr. 0.4 

52.1 66.8 79.4 11.3 
18.6 ! 20.9 8.7 54.7 

tr. 

19.7 8.7 7.8 8.3 
4.4 1.7 0.5 
4.6 1.9 3.2 5.9 

7 7 8 9 (light) (dark) 
! 67.1 41.5 
1
37.3 

60 65 70-75 

tr . 
13.5 29.6 43.3 45.2 
15.2 16.3 14.6 42.6 

tr. 
0.2 0.6 1.1 
4.0 12.0 3.1 l 

tr. 

l 4 l 4 5 6 (light) 

l l 
28.8 l 27.2 52.5 64.7 l 
35 50 59 65 

l 0.7 
2.6 

4.9 19.5 28.1 20.7 
55.8 42.0 10.9 13.7 

tr . 
tr. tr. 

5.2 5.4 8.5 0.9 

5.3 2.6 tr . 

10 11 11 
(light) (dark) 

l 
13.5 *! 44.7 34.0 

55 70 

29.4 26.6 42.4 
53.8 18.9 11.8 

tr. 
tr. tr. 

2.2 9.8 11.8 

1.1 

* strongly saussuritized, new crystallization of alb1te without twin la
mellae. 1-8, prophile l; 1-3, pyroxenite-hornblendite; 4-8, gabbro gneiss 
- layered gabbro. 9-11, prophile 2. 

The contacts between adjacent bands may or may not be sharp. The 
minerals in two adjacent dark and light bands are essentially identical 

but their relative proportions differ. The dark bands are essentially 

pyroxenitic and the light bands anorthositic. However, pure pyroxe
nites and anorthosites are rare. The bands are intermediate between 

the extremes. 
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The essential minerals in both types of bands are: plagioclase, 
clinopyroxene, hornblende, and iron ore (opaques). Some of the bands 

may consist essentially of iron oxides. Orthopyroxene is characteristi
cally absent (only observed as traces in one thin section), and HYSING

JORD (1960) observed olivine in only one band. The plagioclase is a 

basic labradorite (An 60-70). HYSINGJORD (1960) found no syste

matic variation of the An content in a north-south profile across the 
layered gabbro. However, on approaching the carbonatite the plagio

clase gradually becomes more albitic (Table 3) until it finally dis

appears. 
The clinopyroxene is seen to be in various stages of alteration to 

hornblende. This is characteristic even in the central parts of the 

layered gabbro complex. The pyroxenejhornblende ratio decreases 
towards the west. In the south there is a sudden reversal of this trend 

dose to the carbonatite. As mentioned before pyroxenite is here the 

characteristic contact rock. To the north, however, the gabbro changes 
into hornblendite with very little clinopyroxene. 

Table 4 lists some chemical analyses of the gabbro. The samples 
of the layered gabbros were large and contained several light and 
dark bands. 

PERIDOTITES 

Peridotitic rocks cover large areas on Stjernøy but within the area 
mapped in Fig. 2 they are subordinate occurring just as lenses of 
varying size within the layered gabbro, the gabbro gneiss l, and the 
hornblendite. 

The peridotites are younger than, and contain inclusions of irre
gular fragments of the layered gabbro into which they were intruded. 

Where peridotites occur in the gabbro gneiss, and especially in 
the hornblendite, their outer margins are characteristically secondarily 

altered with much serpentinization of the olivines. When they are of 
somewhat larger size their central parts usually are unaffected by any 

secondary alteration. 
Within the layered gabbro the contacts between the gabbro and 

the peridotites are always sharp and well defined. 
Within the hornblendite and gabbro gneiss irregular veins of plagio

clase hornblendite (and scapolite hornblendite) often penetrate into 
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Table 4. Chemical analyses, and CIPW molecular norm of four rocks from 
Table 3 (anal. K. S. Heier), and of hornblende crystal from hornblendite (anal. 

O. Hageberg in Hysingjord, 1960). 

l 8 * l 5 * l 4 * l 3 * l Hornbl. * 
Si02 •••••• 43.68 (41.4) 143.21 (40.9) 142.24 (39.6) 1 34.39 (34.2) 140.28 (38.1) 
Ti02 • • • • • • 2.59 ( 1.8) 4.31 ( 3.1) 3.92 ( 2.8) 4.08 ( 3.0) l 3.86 ( 2.7) 
Al203 ••••• 15.38 (17.2) 25.73 (28.6) 126.24 (28.9) 7.45 ( 8.7) 15.48 (17.2) 
FeP3 • • • • • 4.24 ( 3.0) 5.42 ( 3.8) 3.72 ( 2.6) . 12.33 ( 9.2) l 3.05 ( 2.2) 

• l FeO ....... 6.91 ( 5.5) 7.84 ( 6.2) 1 9.10 ( 7.1) 1 8.53 ( 7.1) 7.71 ( 6.1) 
MnO . . .... i 0.03 0.27 ( 0.2) 0.20 ( 0.2) 0.44 ( 0.4) 

- l MgO ....... ' 8,23 (11.7) 4.80 ( 6.8) 4.79 ( 6.7) 7.16 (10.7) 13.01 (18.5) 
CaO . . . . ... 15.60 (15.8) 3.97 ( 4.0) 2.81 ( 2.8) 19.89 (21.2) 14.24 (14.5) 
Nap...... 1.69 ( 3.1) 3.11 ( 5.7) 3.82 ( 6.9) 1.21 ( 2.3), 0.16 ( 0.3) 
Kp . . . . . . 0.25 ( 0.3) l 0.39 ( 0.5) 0.68 ( 0.8) 0.38 ( 0.5) 11 0.08 ( O.l) 

C02 • • • • • • • o.o5 l o. o6 o.53 ( o.7) o.l4 ( o.2) 0.22 ( o.3) 
P205•••.•.. 0.10 ( O.l) l 0.18 ( O.l) 1. 1.04 ( 0.8) 2.90 ( 2.4) 

Cl . . . . . . . . n.d. ·�· n.d. n.d. n.d. i 0.15 
Hp+ . . . . . 0.27 0.19 i 0.08 0.16 1 1 1_25 Hp+ . . . . . 0.59 l 0.36 

.1 
0.45 l 0.30 

l --
Sum . ..... 99.61 99.84 99.62 199.36 l 99.49 

Q 
. . .. .... · l - 6.1 l 4.8 l 

Or . . . . . . . . 1.5 2.5 4.0 2.5 0.5 
Ab ... .... 

·
l 9.0 

An ... ..... , 34.5 
Ne ... ..... 3.9 
Ca!c. . . . . . . -
c ......... ' 
01 . . . . . . . . 7.8 
En ....... . 
Fs ........ . 
Di ......... 34.8 
Wo ...... . 
Mt ... ..... 4.5 
Il ......... l· 3.6 
Ap . . ...... 0.3 

* cation percent. 

28.5 34.5 
20.0 4.5 

1.4 
14.4 19.4 

13.6 

1

13.4 
2.8 6.4 

l 

5.7 3.9 
6.2 5.6 
0.3 2.0 

i 1.5 
14.8 142.0 
6.9 i -
0.6 0.6 

l 
l 

19.5 
2.0 

! 2.0 
. 42.8 23.2 

6.2 
13.8 3.3 
6.0 5.4 
6.4 

and through the periodites. The contacts are transitional with an 

increase of horn blende in the peridotites towards the surrounding rocks. 

In the unaltered peridotites olivine and clinopyroxene make up 

80-90 per cent of the minerals present. The olivinefpyroxene ratio 
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Table 5. Chemical analysis and molecular norm of central part of peridotite, 
east side of Raafjell. (anal. K. S. Heier). 

Si02 • . • . . • • • • • . • • • • • • • • •  
Ti02 • • • • • • • • • • • • • • • • • • • .  
Al203 • • • • • • • • • • • • • . • • • . •  
Fe203 • • • • • • • • • • • • • • • • • • •  
FeO ................... . 
MnO . . . . ..... . . . . . . . . . .  . 
MgO . . . . .... . . . . . . . . . . .  . 
CaO ..... .............. . 
�a20 ................... . 
K20 . . . .. . . . . . . . . . . . . . .. j 
Pp5 · · · · · · · · · · · · · · · · · · · · ! 
co2 :,_ · . . . . . . . . . . .. . . . . . .  ·] 
H20· .................. . 
H2o+ .. . . .. . . . . . . . . .. . .  · , 
Sum . . . . . . . . . . . . . . .. . . .. . i 

i 

Wt% 

40.43 
1.25 
5.30 
3.67 
7.16 
0.14 

27.40 
8.18 
0.69 
0.27 
0.11 
0.71 
0.25 
3.52 

99.08 

Cat % Norm. 

37.4 Or. 1.5 
0.9 Ab. 4.2 
5.8 An. l0.8 
2.5 Ne. l. O 
5.5 
O.l 01. 53.7 

38.0 Di. 22.8 
8.1 Il. 1.8 
1.2 Mt. 3.7 
0.3 Ap. 0.3 
O.l 

varies within wide limits but olivine is typically most abundant. 
Orthopyroxene is present as rimes around the olivine grains. Plagio
clase (An 60-70), hornblende, opaques, spinel and biotite are also 
typically present. 

At the hornblendite and gabbro gneiss contacts the olivine is 
altered to serpentine. Calcite (or another carbonate mineral; magne
site ?) is often present dose to these contact zones. 

A chemical analysis of the central part of a comparatively large 
peridotite within the hornblendite at Råfjell is given in Table 5. 

Microscopic examinations showed this sample to be least affected 

by any secondary alteration (including the peridotites in the layered 

gabbro). The high water content (3.5 per cent), and also the C02 

content, indicates, however, that some alteration has taken place, 

and that the thin section was probably not representative of the 
analysed sample. The norm in Table 5 is calculated without water, 

and is very similar to the mode. 
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HORNBLENDITE 

The carbonatite is surrounded on all sides by hornblendite, except 
in the south where it is in contact with the nepheline syenite, and in 

the far south east where it borders on the pyroxenite 

This hornblendite massif is the only one studied in this report. 
Hornblendite also occurs at Landvindsfjell and Bukkerbuktsfjell but 

will not be described here. 
Hornblendite is rather common and occurs at several other places 

on Stjernøy, especially on the west. 
The map (Fig. 2) indicates a possible genetic relationship between 

hornblendite and carbonatite. Most of the hornblendites in other parts 
of the Seiland province are not visibly connected with carbonatites, 

and the genetical connection between them is not always clear from 

the general field evidence. However, where smaller carbonatite bands 
occur elsewhere they are always connected with hornblendite, or 

"hornblendization" in such a way as to suggest a genetic relationship. 
What is termed hornblendite in the field includes a variety of 

hornblende-rich rocks of varying structure, grain size, and mineral 
composition. In all of them hornblende is the dominant mineral 

(> 75 % hornblende). However, all gradations between hornblendite 

and gabbro gneiss occur, and exact contacts are nowhere exposed. 
Likewise the change from hornblendite into pyroxenite along the 

southeast carbonatite contact is gradual. 
Opaque minerals (magnetite and ilmenite), and apatite are nearly 

always present; clinopyroxene, biotite, and calcite are common; 
plagioclase, scapolite, spinel and sphene may be present. When the 
hornblendite grades into gabbro gneiss the plagioclase content in
creases rapidly. 

The grain size varies within wide limits from fine-grained into 
pegmatitic varieties. In the latter hornblende crystals may attain 
30-40 cm. A chemical analysis of hornblende from the pegmatitic 

variety, from which the other minerals were carefully separated by the 

means of a magnet separator, is given in Ta ble 4; pleochroism, x-light 
yellow, y-brown, z-brown; 2V x is large (80), (data from H ysingj ord, 1960). 

The hornblende formula calculated on the basis of 22 oxygen 
at oms ( excluding hydrogen-bonded oxygen) is: ( K0.02 N a0.04 Ca2.14) 
(Mgz.79Fe�.9zFe�.33Tio.41Alo.36) (Alz.z4Si5.67) (OH1.2oClo.o4(F)o.76)0zz. 
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The hornblendite-carbonatite contact is typically sharp. However, 

although the central parts of the carbonatite are biotite-banded, horn
blende is characteristic dose to the contact, and calcite veins are 
common in the hornblendite dose to the carbonatite. The smaller 
carbonatite occurrences elsewhere on Stjernøy are hornblende carbo

natites rather than biotite carbonatites. 
The hornblendite - gabbro contacts are always transitional. 

Going tm.vards the gabbro gneiss in the west the contacts are very 
transitional. Typical hornblendite may "break out" within the 

gabbro gneiss, and inside massive hornblendite bits of foliated gabbro 
gne1ss rna y occur. 

Leucocratic garnet gneisses are also seen within the hornblendite, 

and can be traced continuously from where they occur in gabbro 

gneiss. 
As stated earlier peridotites occur in the hornblendites but tend 

to be alter ed along the contacts. Veins of hornblendite (or rather 
hornblende plagiodase veins) are often seen cutting into and through 

the peridotite indusions. 

CARBONATITE. 

The carbonatite covers an area of about 4 km2• The other occur

rences of carbonatite on Stjernøy are small, and have not been studied 
in his report. 

Strand (1952) described the carbonatite. He used the name biotite 
søvite. Søvite is the local name for the niobium containing carbona
tite in the Fen area, S. Norway. The use of this modified local name 
for the Stjernøy carbonatite should be discontinued. The two rocks 
are in several respects rather dissimilar. Nb and rare earth minerals 

which are typical in the Søvite have not been found on Stjernøy. 

The only thing common to them both is their dassification as carbo

natites (i.e. a metasedimentary nature is not obvious) . 

The use of the term carbonatite for the rock on Stjernøy is based 
on the general usage: "the term car bona tite has been retained for 
those carbonate-rich rocks that might have originated from a hot 

carbonatic fluid genetically derived through some magmatic process." 
(PECORA, 1956, p. 1538) (i.e. where a metasedimentary nature is not 

obvious) .  
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Fig. 6. Biotite bands in carbonatite. 

The most remarkable morphological feature of the carbonatite is 
the separation into biotite rich and calcite rich bands, Fig. 6. This 

banding accords with a suggestion of a metasedimentary origin but 

it may also be explained otherwise (p. 150). 
Bands of nepheline-albite rocks and pegmatites are very common 

within the carbonatite, in particular immediately north of the nephe
line syenite on Nabberen, Fig. 2. 

The carbonatite, even if originally magmatic, today apparently 
must be classified as a metamorphic rock. Stretching of the biotite 
bands in to boudin-like structures (Fig. 7) is common, and the nepheline 
pegmatites, which for geological reasons are assumed to be younger 

than the carbonatite, exhibit similar structures. In places the calcite 
can be seen to have recrystallized into very coarse grains. 

The carbonatite is not foliated. The strike and dip directions indi
cated on Fig. 2 are the directions of the bands. 

Because of the weathering it is difficult to obtain representative 

hand specimens of the carbonatite. A mineralogical study was done 
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Fig. 7. Boudinage structures in carbonatite. 

on material scraped into paper bags from the weathered surfaces. 
More than 20 different localities from all over the carbonatite were 
sampled in this way. So far they have not been studied in detail but 
they appear to be mineralogically uninteresting. None of the Nb 
and rare earth minerals typically associated with carbonatites else
where are found. 

The minerals that are found in the car bona tite are: 

(a) Calcite. A chemical analysis of calcite from the carbonatite is 
shown in Table 6. Semiquantitative spectrographic Sr and Ba deter

minations on three metalimestones (marbles) occurring south of 

Stjernsund (mapped by KRAUSKOPF, 1954) are shown in the same 

!able. The carbonatite is higher in SrO by a factor of 4-5, and in 

BaO by a factor of 10. The same trend, though much more pronoun

ced, was shown by Holmes (1959) for other carbonatites. 

(b) Apatite. This is a very common mineral everywhere within 
the carbonatite. Its concentration varies from place to place. Chemical 



CaO l • • • • • •  ! 
FeO . . . . . . i 
MgO ······1' 
MnO . . . . .  . 
SrO . . . . . . .  ! 
BaO . . . . .  . 
C02 . • • . . • .  

' 
Sum . . . . . . 1 
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Table 6. Chemical analysis of calcite in: 

Crystaline limestone* Carbonatite 
Cammevann Øksfjordneset Ytre � Lokkerfjord 

52.26 
1.25 
0.73 
0.20 
1.75 
0.11 

43.67 

99.97 

O.SS 

0.40 
0.03 

0.40 
0.02 

0.30 
0.01 

(anal. Hysingjord, 1960 SrO, BaO cletermined spectrographically. 
* Samples supplied by Heier). 
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analyses and thin section analyses of STRAND (1952) show apatite 
concentrations to vary between l and 10%. It appears that 5% is 

a good average for the carbonatite as a whole. 
The following data were determined for the apatites (HYSINGJORD, 

1960): 
Cl . . . . . . . . . . . . . . . . 0.06% 

H20 . . . . . . . . . . . . . . 0.00% 

C02 . . • . . . • • • • • • . . .  o.60% 

n0 . . . • . • • . • • . • • • . .  1.642 

The apatite was calculated from the diagrams of Troger (1956): 

Cl-apatite . . . . . . . . . . l% 
C02-apatite (dahlite) . . . . . . . . .  10% 

Oxyapatite . . . . . . . . . . . . . . . .  71% 

F-apatite . . . . . . . . . . . . . . . . . .  18% 

(c) Eiotite. Next to calcite biotite is the most common mineral in 
the carbonatite. Most of it is concentrated in biotite rich bands 

(Fig. 6) but even the light calcite-dominated bands are fairly high 
in biotite. In hand specimens the biotite is very dark, and in thin 
sections the pleochroism varies from light yellow to nut brown. Thin 

section studies reveal that the biotite is often bent and twisted. Re

membering the observed boudin structures this is hardly surprising. 

The biotites may be several cm large, and show crystal form. 
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(d) Hornblende is especially common in the carbonatite close to 
the hornblendite contacts. Close to the contact hornblendite lenses 

are often seen in the carbonatite, and they may also form boudins. 

In the central part of the carbonatite hornblende is rare or non
existent. 

The relative occurrences of hornblende and biotite are considered 
to be genetically important, and are discussed later. 

(e) fron ore is always present in the carbonatite in amounts up 

to 5%. 

(f) Nepheline and albite are often present. However, in these cases 

it is difficult to state whether or not they have been introduced later. 
The map, Fig. 2, shows nepheline gneisses and pegmatites to penetrate 
into the carbonatite with a maximum frequency dose to the nepheline 

syenite. 

SYE�ITE. 

As mentioned before some of the leucocratic gneisses included in 
the gabbro gneiss 3 are of syenitic composition. In this section another 

type of syenite is described. 
A syenite body occurs within the layered gabbro, Fig. 8. It is 

elongate in an east-west direction parallel to the banding of the 
gabbro. It is more than l km long and has a maximum width of 
150-200 metres. The western end is covered by boulders but towards 
the east the syenite branches out into the gabbro. Close to the gabbro 
contact the syenite and gabbro alternate as thin parallel bands parallel 
to the contact, Fig. 9. In the field this banding is very similar to the 

characteristic anorthosite-pyroxenite banding of the gabbro (Fig. 3). 

In some places migmatite-like contacts are seen, Fig. 10. 

Alkali feldspar is by far the dominant mineral in this rock. The 

albite and potassium feldspar occur as separate lamellae and the 
feldspar is a mesoperthite. In some thin sections independent plagio

clase grains outside the alkali feldspar are seen. However, these may 

well be products of exsolution. 
Clinopyroxene is typically next in importance, and occurs in 

amounts of about 5%. 

Opaques and apatite are common accessories. Zircon and biotite 
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Fig. 8. Syenite in layered gabbro, Lassefjordfjell. 

Fig. 9. Alternating syenite and gabbro bands close to gabbro - syenite con
tact, Lassefjordfjell. 
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Fig. 10. "Migmatite-like" contact between syenite and layered gabbro, Lasse
fjordfjell. 

Table 7. Chemical analysis, and molecular norm of syenite in layered gabbro, 

Lassefjordfjell (anal. K. S. Heier). 

Si02 
Ti02 
Al203 
Fe203 
FeO 
Mn O 
Mg O 
Ca O 
Nap 
Kp 
P206 
C02 

.. 
. . 
.. 

.. 
. .  

.. 
. . 

. . 

. . 

. . 

. . 

. . . . 
. . . . . 

. . . 

. . . 
. . 
. . 

H2o+ . . . . 
H20+ . . 

Sum .... 

. . 

. .  

. . 
. . 

.. 

. . 

. . 

. . 

. . . 

. . . 
. . . 

. . 
. . 

. . 

. . . . 

. . 

. . 
. . . . . . 

. . 

. . . 

. . 
. . 

. . 

. . . . 
. . 

. . . 

. . 

. . 

. . . . 

. . 

Wt. % Cat. % Norm. 

55. 9 4  51.8 
1.7 9 1.2 Or. 3 2.0 

1 6.40 17.9 Ab. 43.7 
5.61 3.9 An. 3.5 
4.0 7  3.1 Ne. 4.1 
0.3 2 0.2 Calc. 0.6 
0 . 9 9 1.4 
3.57 3.5 Wo. 1.6 
5.62 10.1 Di. 5.6 
5.41 6.4 Mt. 5.9 
0 .26 0.2 Il. 2.4 
0.21 0.3 Ap. 0.5 
0.18 
0.21 

--
10 0.52 
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may or may not occur. Calcite may be present in amounts up to l% 

but is absent in many thin sections. 

A chemical analysis of a several kgm large sample of this syenite 

is shown in Table 7. Its position on the Nepheline-Kaliophilite

Quartz diagram is shown on Fig. 15. 

NEPHELINE SYENITE. 

N epheline-bearing pegmatites are common in the Seiland pro

vince including Stjernøy. However, only in one place does a regular 

nepheline syenitic rock occur. The position of the nepheline syenite is 
shown on the map Fig. 2. It occurs on Nabberen, between Lillebukt 

and Storebukt. 

The nepheline syenite is in contact with the carbonatite on the 

east and north. The contact zone of the carbonatite is characterized 
by nepheline-bearing skarn gneisses, often strongly foliated. Massive 

nepheline syenite bands also occur in the carbonatite. The map Fig. 
2 shows that nepheline gneisses, and nepheline pegmatites penetrate 

far into the carbonatite towards the north. 
N epheline syenite hands also occur in the silicate gneisses towards 

the west. They are only slightly foliated, or not foliated at all. They 

strike northwest and dip steeply to the southwest. Their nepheline 
content decreases towards the west, and along the shore the light 

hands are dominantly potassium feldspar (orthoclase) and albite 

with no nepheline. 
The leucocratic hands appear to be young in the gneisses. Brecci

ation or migmatization of the gneisses as a result of their emplacement 

are well exposed in shore sections, Fig. 11. 
The major nepheline syenite body on Nabberen is lens shaped with 

the longest axis parallel to the general strike in the area. It has the 
form of a dike or stock. 

Fig. 12 shows the outline of the nepheline syenite. (The map is 

based on aerial photographs). The syenite extends about 1800 metres 

in the longest direction with a maximum width of about 250 metres. 

The exposed area is about 250 0 0 0  m2• 

Towards the south it pinches out at about 200 m a.s.l., and to 

the north at about 420 m a.s.l. Its highest point on the mountain 

plateau is 700 m. (All measurements with pocket barometer). 
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Fig. 11. Migmatitic contacts of leucocratic bands in silicate gneisses, Storebukt. 

The nepheline syenite has considerable interest as raw material 
for the ceramic and related industries. At present, mining possibilities 

are being examined by Christiania Spigerverk A/S. Because of its 
economic interest the nepheline syenite was investigated in some 

detail. 
The contacts with the country rocks both to the east and west 

are generally well defined. An exception is the northeastern contact 
on the mountain plateau (dashed on the map, Fig. 12). This part of 

the plateau is covered by boulders (of the nepheline syenite). The 

immediate country rock is here a nepheline gneiss very similar to the 

nepheline syenite. 

Fig. 13 shows the southern part of the nepheline syenite. 

Foliation and some crushing of minerals is seen dose to the eastern 

contact. This tectonic effect disappears towards the west, and the 

central and western parts of the nepheline syenite are only very slightly 

foliated or not foliated at åll. The foliation directions are indicated 

on the map Fig. 12. They are always parallel to the contacts. 

The nepheline syenite is a homogeneous, medium to coarse grained, 
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Fig. 12. Outline of the ::\epheline Syenite on �abberen (clra""n from aeri<1l 
photograph). ::\os. refer to samples in Tables Sand(). 

massive rock, in places pegmatitic. The only foreign rocks within it 
are diabase types of dikes. The field indications are that the dikes are 

most frequent in the southern part of the intrusion. The strikes and 

dips of the dikes are variable. The dikes are typically thin (,......, 50 cm) 
but dikes a couple of metres wide are observed. It has so far not been 
possible to trace any of the dikes into the country rock. However, 

similar dikes occur in the gneisses west of the nepheline syenite. 
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Fig. 13. The southern part of the nepheline syenite, (right ridge) down towards 
Lille bukt. 

Modal analyses (point counted thin sections) of a number of 
samples from the nepheline syenite are shown in Table 8. Their 
position in the field is indicated on Fig. 12. 

Based on differences in the mode the central part of the nepheline 
syenite is separated from the portions to the north and south. The 
latter two are mineralogically very similar. In the following discussion 
the nepheline syenite in the northern (samples 1-8) and southern 

(samples 20-21) portions are referred to as Type l, and the central 

part (samples 9-19) as Type 2. 
The important mineralogical differences between the two types are: 

(l) Type l is on an average higher in plagioclase (albite as inde

pendent grains outside the alkali feldspar perthite). 

(2) Nepheline decreases markedly in the extreme north and south 

ends. However, within the central parts of Type l the nepheline con

tent is not very different from that of Type 2. 

(3) The K-feldspar content is about the same in both types. It is 

always an orthoclase perthite (or mesoperthite) which appears opti-
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Table 8. Moclal analyse� (point counted thin sections) of nepheline syenites, nos. 

K-feldspar (perthite) . . . l 
l'lagioclase . . . . . . . . . . 
::\'epheline 
(isotropic min. �osean?) 
Calcite . . .. . .. . . . . .. . 
Clinopyrox. . .... . . . . . 
Hornblende .. .. ... . . .  
Hiotite .. . . . . . . . .. . .. 
Hutile in feldspar . . . . 
Titan i te • • • • •  o • • • • • •  • '  

��pa tite • • • • • o • • • • • • •  

Opaques . . . .. . .. . . . . 
Zeolites . .. . . . . . . . . . . 
::Vluscovite ... . . . . . .. . .  

' Green spinel • • • • • • • •  • i 

l\·.-feldsp. + --- - --------- P lai{. 
Nepheline 

i 

7 9.4 
5.9 

29 

3.1 
+.3 

l . () 
0.8 
1.3 

A verage for samples 3 to R ----
Sum sal l 85.3 

refer to Fig. 

2 3 

54.3 59.0 
l 1.3 10.1 
19.7 18.7 

1.1 
::'.6 +.8 

13.1 tr. 
3.2 5.8 

_J_ 
1 .6 
0.3 tr. 
2.9 0.5 
1.0 

2.8 3.7 

1. 8 
i 7 5.3 8t\.9 

�� Yerages for amples 3 to 8 � 9 0 .4 

12. 

4 5 6 6 7 

52.0 57.R 55.9 53.0 51.1 
7.9 6.6 2.+ 2.9 tr . 

3 3.5 2R.l 3 2 .0 3 1 .6 3 9.5 

3.1 1.7 2.1 5.6 6.0 
tr. 

2.5 5.3 ! +.2 5.() 2 .6 
+ ·+ T 

tr. 0.7 l 
tr. tr. 0 . .2 tr. tr . 
1.0 0.5 2.5 1.3 0.8 

tr. 
tr. 

1.8 2.3 1.8 l.S 1 .3 

9 3.4 9 2 .5 9 0 .3 87.5 9 0 .6 

cally monoclinic. The perthitic texture is, however, different, and 
shows a regular charge from the center of the nepheline syenite 
towards both the north and south. Figs. 14 a; b; c; illustrate this 
change. The variation is due to a coarser nature of the albite lamellae 

from the center and outwards. It was mentioned that independent 
albite grains are more common in Types l than 2. Possibly the albite 
grains in Type l were originally contained in the alkali feldspar as 
well, and later exsolved. 

(4) Calcite is on an average higher in Type l. 
(5) A very important difference is indicated by the distribution of 

clinopyroxene, amphibole, and biotite. 

Clinopyroxene and amphibole are characteristic of Type 2, while 

biotite is by far the dominant femic silicate mineral of Type l. The 

clinopyroxenes and amphiboles are optically diopside-hedenbergites 

and common hornblendes respectively. They have not the characteris-
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K-feldspar (perthite) ... 

Plagioclase • • • • •  o • • • •  

�epheline 

(isotropic min. l\osean ?) 

Calcite o • • • • • • • • • • • • •  

Clinopyrox. ... . . . . . .. 

Horn blende • • • •  o .  o • •  

Biotite • • • • •  o • • •  o .  o • •  

Rutile in feldspar .. . . 
Titanite 

Apati te 

Opaques 

Zeolites 

o • • • • • • • • • • • •  

. . . . . . . . . . . . . 
. .. . .. . . .. . . 

• • • • • • • • •  o • • •  

: 
i 

Muscovite ........ . . .. ! 
Green spinel . . . . . . ... 

K.-feldsp. l P lag. T 
Nepheline 

KNUT s. HEIER 
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Table 8. (contd.) 

8 9 10 l 1 1  
l 

49.2 58.3 54.9 i 64.9 
10.2 tr. 

30.6 37.2 33.2 30.2 

tr. 

2.2 2.5 4.1 2.0 

3.8 i 1.3 
l. O 1.0 0.3 

1.7 tr. 

+ 
tr. l. 1 0.5 
tr . tr. tr. 

0.7 l. O 1.9 0.8 
5.4 

tr. tr. 

1.9 1.6 1.7 2. 1 

Average for samples 9 to 19 - 1.6 

Sum sal. l 90.0 l 95.5 88.1 95.1 
Average for samples 9 to 19 = 94. 1 

l 1 1  l 11 l 12 13 

50.3 50.5 65.2 57.7 
tr. tr. tr. 

43.4 43.3 32.0 38.8 

2.3 2 . 3 1.6 0.6 
1.7 1.7 tr. 2.2 
0.7 l 0.7 tr. tr. 

tr. 

0.7 0.5 tr. 0.5 
tr. tr. tr. tr. 

0.9 1.0 1.2 0.2 

1 .l 1.2 2.0 1.5 

93.7 93.8 97.2 96.5 

tie alkali pyroxene and amphibole optics. The silica-poor rather than 

alkali-rich character of the rocks on Stjernøy is important and must 
be emphasized. 

(6) The titanite vs. rutile-in-K-feldspar relations are interesting. 
Titanite is characteristically present in Type 2 but tends to be absent 
from Type l (except in the extreme south end, nos. l, 2, Table 8). 

What is termed "rutile in feldspar" are thin needle-like inclusions 

in the potassium feldspar (sagenite structure). The needles are assu

med to be rutile but this is not definitely known. A colorimetric Ti02 

determination on nepheline-feldspar concentrates of samples 6 (Type 

l) and 11 (Type 2) showed respectively 0.02 and 0.03% Ti02. Thus 

the feldspars without the sagenite structure are highest in Ti. 

Feldspars crystallizing at high temperatures may take some Ti 

into solid solution. At lower temperatures such feldspars are unstable 

and Ti02 is exsolved. In this connection it should be pointed out that 

the feldspars showing the sagenite structures also have the coar,;est 
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l 
1"-feldspar (perthite) ... · 

l Plagioclase 
);epheline 

.......... 1 
(isotropic min. );osean?) i 
Calcite • o • • • • • • • • • • • •  

Clinopyrox. . . . . . . . . . . 
Horn blende . . . . . . .  o .  

Biotite . .... ......... 
' Hutile in feldspar • • • • i 

Titanite 
Apati te 
Opaques 
Zeolites 

• o • • • • • • • • • • •  

. .. ........ . . 
• • • • • • • •  o • • •  

. . . . . . . . . . . . . ! 
:Vl uscovi te ......... .. ·1 
(;reen spinel .. . . . . .. .  

l 
J,·.-teldsp. + P lag. 

-
Nepheline 

14 

58.8 
0.6 

36.8 

1.9 

0.4 

0.2 
tr. 
1.3 

1 . () 

,\verage for samples 20 and 21 
Sum sal ! 96.2 l 
.\ vcrage for samples 20 and 21 

Table 8. (contd.) 

15 16 17 l 18 

59.4 49.1 58.8 54.1 
tr. tr. tr. tr. 
32.6 46.6 34.6 36.8 

0.3 
2.6 0.3 0.8 2.5 

1.7 2.9 2.1 
2.5 0.4 0.2 2.1 
1 .1 
tr. 
0.9 0.8 1.2 0 .9 

tr. O.l tr. 0.3 
0.8 0.7 1.5 1.2 

1.8 l .l 1.7 1 .5 
i 

'� 2.2 5  
92.0 l 9 5.7 9 3.4 9 0.9 
= 89.0 
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l 1 9  l 20 l 21 

l 60.0 55.4 59.0 
' 0.5 4.7 4.6 
34.9 2 6.8 2 7.5 

tr. 
0.9 5.6 5.5 

tr . 
1.7 
tr. 5.4 1.2 

+ + 
0.9 

tr. 0.2 tr. 
l. O 1.9 2.2 

tr. 
tr. tr. 

1.7 2.2 2.3 

95.4 i-16.9 91. 1  

Samples 6 and l l were taken from two bulk samples, each of about 8 tons, 
which were blasted out for ore dressing experiments. 

al bite lamellae (3). Only in feldspars where the exsolution process has 
been most intense was titanium exsolved. 

As the Ti02 contents in the rocks of Type l (without titanite) are, 
if anything, high er than those of Type 2 (with titanite), (Ta ble 9), 
it must be assumed that it is the biotite (and opaques) that carry the 
bulk titanium content in the former. (Only samples 6 and 11 should 
be compared as samples l and 2 are rather special contact rocks.) 

No chemical analyses of the alkali feldspars have been made. 

Their high Na content is, however, evident from the optical studies 

(Fig. 14 a, b, c) and their crystallization temperature must have been 

high. This is partly sustained by their monoclinic nature (orthoclases 

as determined optically). If the feldspars crystallized within the 

stability field of "orthoclase" or sanidine minimum temperatures of 

not less than 500° C must be assumed (LAVES, 1960). 
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Fig. 14 a, b, c. Variation in the alkali feldspar perthite texture from the center 

(å), towards the south end (c) of the nepheline syenite (all photographs x 170). 

Fig. 14 b. 



Fig. 14 c. 

Fig. 15. 
Plots of the nepheline 

syenite (Table 9) and 

the syenite (Table 7) 

on the NaAlSi04 
KA1Si04 - Si02 

diagram. 

lO 
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TABLE 9: Nos.l,2, 6,11 
TAB LE 7: No. I 

80 

80 



' 

142 KNUT S. HEIER 
--- ���- -----

Table 9. Chemical analyses and molecular norms of four rocks from within the 
nepheline syenite body (nos. refer to Fig. 12). 

l l l 2 l 6 l 11 ** 
1---- ----.-------.--+-----------.----

:wt. %lcat.%lwt. %lcat.%lwt. %lcat.%lwt. %lcat.% 
Si02 . • • • • . • • . • . • • • • •  

Ti02 • • . • . • • • . • • . . • •  

Al203 • . • • • • • • • • • • • • •  

r<e20a ............. . 

FeO ............... . 

j55.3 5 l 50.6 52.6 9 l 47.5 152.3 7 145.6 152.73 1 46.5 
l 1.57 1.1 1.3 7 'l 0.9 l 0.61 l 0.4 l 0.51 0.3 
119.0 0 2 0.4 2;.8 8 2 3.2 1 2 3.2 2 ! 2 4.3 ,2 3.7 1 2 4.8 
3.0 0 2.1 l -.5� 1.7 l 1.�4 i 0.7 l 1.8 9 1.3 
2.67 2.0 . 2.b l 1.6 [ 1.86 l 1.4 11.0 4 l 0.8 

:VIgO .............. . 

:VIn O ............... . 
l 0.59 0.8 0.44 ! 0.6 ' 0.2 5  l 0.3 ! 0.2 4 0.3 
0.0 7 O.l 0.3 0 0.2 0.0 9 i 0.0 6 

CaO ............... . 4.76 4.7 3.6 9 3.6 3.11 2.9 l 2.54 2.4 
�a20 .............. . 
Kp ............... . 

P502 .............. . 
co2 • . • . • . . . • . . • . . . .  

H2o�"' ............. . 
H20+ ............. . 

BaO .............. . 

5.68 
5.68 

' 0.2 7 
1.16 
0.2 6 
0.0 5 

. l 

j1oo�i1 

Or. . . . . . . . . . . . . . . . . . 3 3.0 
Ab. . . . . . . . . . . . . . . . . 3 7.5 
An. . . . . . . . . . . . . . . . . 9.5 
�e. .. .. .. .. .. .. .. .. 7.5 
c .................. . 
Cc. . . . . . . . . . . . . . . . . . 2.8 
01. ................ . 
Di. . . . . . . . . . . . . . . . . . 3.2 
Wo. ................ 0.6 
::vrt. . . . . . . . . . . . . . . . . 3.1 
Il. . . . . . . . . . . . . . . . . . 2.2 
Hm . .............. . 

,\p. . . . . . . . . . . . . . . . . 0.5 

1 0.0 
6.6 
0.2 
1.4 

7.47 
6.31 
0.2 2 
0.21 
0.50 
0.0 6 

9 9.86 i 

3 6.5 
] 9.6 
2.9 

27.4 

0.6 

2.4 
1.6 

l 2.6 
U\ 

0.5 

13.0 
7.3 
0.2 
0.3 

6.87 11.8 
8.3 0 9.4 
0.0 9 l 

' 1. 8 8  l 2.3 
l l l 0.2 6 11 
i 0.0 4 
1
10;.0-91 

47.0 
12.5 
2.5 

2 7.9 
2.1 
4.6 
1.4 

1.2 

l 

�
8
1 

O.l l 

* BaO was later determined as 0.47% in this rock. 
** Sulfur was later determined as 0.04% in this rock. 
Nos. l and 2, anal. K. S. Heier. 
Kos. 3 and 4, anal. B. Brun. 

7.7 8 
8.0 8 
0.0 5 
0.77 
0.26 l 
0.05 l 
0.40 l 

i1oo.111 

:45.75 
i 6.62 
i 4.9 0 
13 6.0 9 

1.86 

1.2 8 
0.24 
0.51 
0.68 

' 0.9 2 
0.11 

1 3.4 
9.2 

0.9 
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Chemical analyses of four nepheline syenites taken in succession 
from the south to the center of the intrusion are listed in Table 9. 
Their position in the NaA1Si04-KA1Si04-Si02 diagram is shown on 
Fig. 15. If the relative temperatures read from this diagram are 
valid the nepheline syenite crystallized from the center and outwards. 
The position on this diagram of the syenite within the layered gabbro 
is shown. The crystallization temperature of the syenite is indicated 
to be lower than for any of the nepheline syenites. Too much signifi
cance should not be put even on the relative temperatures indicated 
by Fig. 15. The dose association of nepheline syenite and carbonatite 
indicates that the nepheline syenite crystallized under a high C02, * 

and probably also H20, pressure. This may cause changes in the 
melting relations. 

Possible form of the nepheline syenite towards depth. 

Because of the economic interest attached to the nepheline syenite 
(as raw material for ceramics and related industries) much time was 
spent in the field with the purpose of estimating the three dimen
sional form of the intrusion. Based on the field evidence it seems most 
likely that it has a "stock" like form, the exact form of which it is 
not possible to predict. 

Even though there is some evidence for the nepheline syenite 
extending towards appreciable depth the chemical and mineralogical 
composition may change in a vertical direction, as it is observed 
to do in the horizontal plane. The lmvest points of the nepheline 
syenite in the north and south are respectively 300 and 500 metres 
below the plateau. 

"'EPHELINE - ALBITE PEGMATITES. 

Nepheline-bearing pegmatites are common within the Seiland 
province. BARTH (1927) has discussed the different petrographic types 
m some detail. 

On Stjernøy nephcline - albite -- biotite -- pegmatites are most 

* "Carbon dioxide under pre.;sure has little or no effect on the rate:' of melting 
or cryctallization of granite or alkali feldspars, and the melting temperatureo 
are apparently unaffected except insofar as pressure per se raises the tempera
ture of melting." (\\'yllie and Tutt le, 1959). 
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common. Pegmatites containing mainly albite and some biotite are 
next in importance. Syenite pegmatites, and also some granite peg
matites are closely associated with the leucocratic hands in the gabbro 
gneiss. These are, however, rare and always of small size. 

The nepheline-albite-biotite-pegmatites are most common within 
the carbonatite, and in the layered gabbro east of the carbonatite. 
Some of them contain calcite (very common in the pegmatites within 
the carbonatite). Titanite is a common accessory mineral. The peg
matites are not shown on the map (Fig. 2). 

One pegmatite occurring west of the north end of the lake north 
of Lille bukt (Fig. 2) contains; nepheline, al bite, sodalite (blue), calcite, 
garnet (spesartite), apatite, and iron ore. In general, however, the 
pegmatites are mineralogically uninteresting. 

The sizes of the pegmatites vary within wide limits. In the carbo
natite between Gammevann and Nabberen the pegmatites may be 
several metres broad, and extend for hundreds of metres along the 
strike. 

Within the layered gabbro on Lassefjordfjell the pegmatites are 
characteristically narrow (1/2-2 m). However, they can be traced 
for hundreds of metres in the strike direction with little variation in 
width. They are in fact dikes. Their strike is normal to the direction 
of the gabbro hands (about north-south with dips to the west) . This 

direction is parallel to the carbonatite-gabbro contact, and probably 
represents a direction of opening of parallel fractures in the crust at 
the time of the carbonatite emplacement. 

In spite of their narrowness the pegmatites show up as white 
stringers on aerial photographs. 

The nepheline pegmatites are not foliated, and their minerals show 
no sign of crushing. However, some of the nepheline pegmatites and 
nepheline gneisses in the carbonatite show boudinage structures very 

similar to the biotite hands. 

SKARN GNEISSES 

Skarn gneisses high in lime silicates occur along the east and the 
north side of the nepheline syenite, between this rock and the carbona
tite. To the south and southeast of the nepheline syenite, carbonatite 
does not occur, and skarn gneisses are the only rocks between the 
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nepheline syenite and the gabbros to the east (Fig. 2). Calcite bands 
and lenses are, however, very common within the skarn gneisses all 
the way down to Lillebukt in the south. 

In the south the skarn gneisses are typically dark and heavy while 
lighter coloured nepheline and calcite rich bands dominate to the 
north. Both dark and light coloured rocks occur, however, all over 
the skarn gneiss area. The skarn gneisses have not been mineralogically 
or petrographically examined in the laboratory. They may, however, 
very likely prove to be mineralogically interesting. 

The foliation directions are always parallel to the nepheline 
syenite - car bona tite contact ( except along a sug gest ed fault line 
running E-W from Storebukt (Fig. 2)). 

GNEISSES BETWEEN THE NEPHELINE SYENITE AND THE 

SEA TO THE SOUTHWEST. 

The gneisses south west of the nepheline syenite are of a bandecl 
nature. The dark bands which represent the old complex are pyroxene
hornblende-plagioclase rocks. The light coloured bands are related 
in time to the intrusion of the nepheline syenite. The nepheline con
tent in these bands decreases towards the west, and the bands are 
syenitic and monzonitic. 

The direction of the banding is parallel to the nepheline syenite 
contact, and it is a sharp contact between the light and dark coloured 
bands. 

On shore exposures at Storebukt it can be seen how light bands 
migmatize the dark gneisses. (Fig. 11). 

Discussion of petrogenesis 

The rocks on Stjernøy are of the type whose genesis is much dis
cussed: layered gabbro, peridotite, hornblendite, carbonatite. An y 

new bit of information concerning these rocks may be of value, and 
an attempt will be made therefore, to collect the field and laboratory 
data into a genetic hypothesis. 

First the tentative nature of this synthesis must be strcssed. More 
detailed work both in field and laboratory is necessary, and the re
sults of the work of other geologists now studying the area should be 

.l 
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considered. However, as it seems unlikely that I shall continue the 
work on Stjernøy a complete presentation of my data. information, 
and ideas about the area is justified. 

RELATIVE AGE OF THE ROCKS. 

Even though the absolute age, and genesis of the rocks are un
certain, their relative ages seem reasonably clear. 

(a) The gabbroic rocks are the oldest rocks within the area. How
ever, the relations between the different gabbros are not as easily 
ascertained. 

The gabbro gneiss l with interlayered leucocratic bands is con
sidered as a supracrustal (lavas, tuffs, sediments) component. (It 
may be noted that gneisses at Øksfjord contain metalimestonc (KRAUS
KOPF, 1954). ) A regional metamorphism under granulite facies con
ditions separates this rock from the carbonatite-hornblendite emplace
ment. The texture of the rocks included in this series is typically 
granulitic. The potassium feldspar is an orthoclase perthite. Hyper
sthene is a characteristic femic mineral (the alteration of hypersthene 
into hornblende is a later process which can be demonstrated to be 
connccted with the formation of the hornblendite). The garnets in 
the leucocratic bands have an almanditejpyrope ratio, Table 10, 
characteristic of garnets from granulite facies rocks (HowiE and 
Subramaniam, 1957). (The garnets are relatively, though not excep
tionally, high in Ca, and the lack of ferric iron is remarkable). 

Table lO. Chemical analysis and normative composition of garnet from quartz 
feldspatic gneiss (anal. O. Hagberg in Hysingjord, 1960). 

Si02 
Ti<>2 
c\]2( )3 . . . . .  • . . . . . . . . . . . .  . 
Fe2( >3 .................. . 
FeO ................... . 

MnO ................... . 

:\Jg() 
(a() 
}!2() 

39.17 
0.35 

22.54 
o 

2().15 
0.42 
5.84 
6.64 
o 

l 01.11 

Almandite 57.4S% 
Grossularite 18.70 ':� 
L'yrope 22.'1:17 % 
Spesartite 0.95 % 
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The relation between the gabbro gneiss l and the other gabbro 
series in space and time is by no means clear. The layered gabbro 
and the gabbro gneiss 2 may be lavas. However, the common occur
rence of anorthosite bands in the layered gabbro is not compatible 
with their being lavas. A volcanic interpretation seems to make a 
subsequent metamorphic differentiation necessary. Indeed both the 
gabbro gneiss 2 and the layered gabbro are metamorphics. Although 
textural criteria are not too reliable, the gabbro gneiss 2 shows textures 
which are generally accepted as metamorphic, and the occurrence of 
garnet in the layered gabbro suggests a metamorphic origin ( = re
crystallization) of this rock also. 

BARTH (1953) implicitly suggested a metamorphic and metaso
matic formation of the layered gabbros on Seiland from an originally 
layered series of supracrustal rocks (sediments and la vas). 

With the adjacent supracrustal gabbro gneisses in mind this pos
sibility is not too remote. 

However, the layering common to both the Seiland and Stjernøy 
layered gabbros, and the magmatic Skaergaard layered gabbro on 
East Greenland (W AGER and DEER, 1939) may suggest a similar 
genesis. The complicating factor in the Seiland province is the subse
quent metamorphic and metasomatic reactions (and tectonic move
ments) overlapping the primary magmatic structures. Nor is it known 
whether the layering is of the same type in both cases. 

(b) The peridotites were introduced after the gabbros. Where they 
o:::cur in the layered gabbro they contain inclusions of the latter. 
When occurring within the hornblendite (and gabbro gneiss l) they 
are secondarily altered (serpentinized). Thus they are considered older 
than the hornblendites. 

(c) A period of metamorphism under granulite facies conditions, the 
effect of which was discussed above, probably preceded the intro
duction of the younger rocks. The metamorphism possibly also pre
dates the peridotites (and even the layered gabbro - sec p. 152). 

Because of the superimposing effect of the metamorphic and meta
somatic actions related to the intrusion of the younger rocks, the 
effect of this first metamorphism tends to be concealed. The effect 
of the younger intrusions was primarily to hydrate the granulite 
facies rocks with the alteration of hypersthene to hornblende, and 

considerable related metasomatism. 
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Intense falding was probably associated with the granulite facies 
metamorphism. The assumed original horizontal, or near-horizontal, 
layering of the gabbro gneisses and the layered gabbro was tilted 
during this falding. 

(d) Faulting is typically associated with carbonatites and rocks of 
alkaline affinities. The evidence of faulting prior to, or accompanying 
the alkaline intrusions on Stjernøy is not immediately obvious but 
it is assumed on the basis of indirect evidence. 

A topographic map of Stjernøy shows two major structural direc
tions which may well be associated with faults. One is about north
south (or N10W), and the other roughly east-west. 

The first direction is parallel to the steep and narrow fiords which 
penetrate into the island from the north. It is suggested that these 
fiords are along old fault lines, widened during the much later Quater
nary ice movements. These faults are traced inland as major drainage 
directions. The east and west contacts of the carbonatite are parallel 
to this direction. The east contact coincides with the marked depres
sion running from Lillebukt in the south, and across the island to 
the steep and narrow Smalfjord in the north. The slightly curved form 
of this contact, as indicated on the map, suggests a steep west dip of 
the fault plane. The very sharp carbonatite-hornblendite contact over 
this distance is indeed consistent with a tectonic border. 

A large number of parallel fractures in the north-south direction 
were evidently opened during this period of faulting, and were later 
occupied by nepheline-albite-pegmatites. 

The east-west faults coincide with another major drainage direc
tion on Stjernøy. This direction is not as topographically conspicious 
as the north-south direction. However, this has no relation to their 
relative importance. There is no way to ascertain that the east-west 
faults were active prior to the intrusion of the alkaline rocks, they 
certainly were active at some time after these intrusions (see p. 151). 
N either is there an y direct pro of of a vertical displacement associated 
with the faulting. Possibly only opening of fractures took place. (A 
vertical displacement may have brought into contact with each other 
rocks that originated at different depths, i. e. , the gabbro gneiss 1 and 
the layered gabbro). 

(e) The emplacement of the remaining rocks together with, and 
after, the faulting, was probably closely connected in time. The fol
lowing sequence is considered as most consistent with the evidence. 
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(el) "Intrusion" of carbonatite. The nature of the physical state 
of carbonatite when intruded is unknown and controversial. The use 
of the name in the present case agrees with the usage recommended 
by PECORA (1956, p. 1538); " . . . . .  the term carbonatite has been 
retained for those carbonate-rich rocks that might have originated 
from a hot carbonatic fluid genetically derived through some magma
tie process. " -- and further - "It is clearly implied in the petrologic 
literature that the carbonatites are a special kind of carbonate-rich 
rock genetically related to the alkalic rock-forming process and alkalic
magma eruption. The carbonatic fluid, whatever its temperature, con
centration, or physical state, is an active, invading agent capable of 
precipitating minerals." 

That a carbonatite magma may exist under normal conditions in 
the Earth's crust is illustrated by Wyllie and Tuttle (1960). They 
have demonstrated that the minimum liquidus temperature in the 
simple Ca0-C02-H20 system varies between 685 and 640° C in the 
pressure interval 27 - 4000 bars. 

The carbonatite crystallized to a coarse-grained rock, and what
ever its physical state its emplacement was accompanied by gas meta
somatism of the surrounding rocks, mainly by H20 and C02. 

(e2) The hornblendite is assumed to have formed by this type of 
metasomatic process. In the petrographical part of this paper the 
growth of hornblende crystals in the gabbro gneisses, and the transi
tional contacts between hornblendite and gabbro gneiss were described. 
Likewise, the gradual transition between the layered gabbro, gabbro 
gneiss 3, and hornblendite (pyroxenite in the south) was described. 

However, in some cases hornblendite dikes (or more often horn
blende plagioclase dikes) could be seen clearly to cut into the other 
rocks, illustrating the action of a hornblendite magma. A similar 
effect may, however, result from metasomatic action of gases. Such 
gases would preferentially penetrate through cracks and fractures, 
and strongly alter the wall rocks resulting in dike-like forms. 

The existence of hornblendite outside the immediate neighbour
hood of the carbonatite is no objection to this mode of formation. 
It must be remembered that large-scale faulting has taken place, and 
if the carbonatite originated at some depth the penetration of the 
gases through other faults is likely. 

The transitional gabbros between the carbonatite and the layered 
gabbro on Lassefjordfjeld give a clear impression of metasomatic 
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processes. The chemical analyses (Table 4) show increasing P205 
and co2 concentrations towards the carbonatite, and scapolite may 
occur both in gabbro and hornblendite. 

It is suggested that the areas now occupied by the hornblendite 
originally were gabbro and gabbro gneiss. In agreement with this is 
the occurrence of serpentinized peridotites in the hornblendite. The 
same peridotites when occurring in the layered gabbro are unaltered. 

Also pertinent to this discussion and to the composition of the car
bonatite magma is the biotite banded nature of the carbonatite (Fig. 
6). It is possible that the silicate material was introduced together 
with the carbonatite. However, it is dear that hornblende bands and 
lenses are typical dose to the hornblendite contacts, while biotite is 
typical of the central parts. This may be taken to indicate that the 
biotite bands are metasomatized remnants of the gabbro originally 
occupying this position. This would necessitate introduction of potas
sium together with the carbonatite. VoN EcKERMANN (1948) suggested 
that all igneous rocks of the Alnø island alkaline complex originated 
from predominantly potassic carbonatite magma. Carbonate liquids 
may exist at temperatures as low as 750° C in systems containing 
CaC03 and K2C03 (WYLLIE and TUTTLE, 1960). The low-temperature 
liquids contain more than 50 weight per cent alkali carbonates. This 
is much more than the concentration of alkalis normally found in 
carbonatites. The effect of alkali carbonates on the system investigated 
by WYLLIE and TUTTLE (1960) has not been investigated. 

In summary the field evidence may indicate an intrusion of a 
potassic carbonatite magma high in both K2C03 and Hp. The water 
vapor was the major metasomatizing agent at some distance from 
the carbonatite altering the gabbro into hornblendite somewhat ac
cording to the reaction: 

pyroxene + plagiodase + water --+ hornblende. 
The effect of potassium was restricted to the central parts of the 

car bona tite where bi o tite was formed: 
pyroxene + plagiodase + H20 + K2C03 --+ biotite + CaC03• 

(e3) The nepheline syenite is later than the carbonatite. This is 
evidenced by the nepheline lenses in the latter, and also by the skarn 
gneisses. A dose connection between the nepheline pegmatites and 
the nepheline syenite is probable and the frequent occurrence of 
nepheline pegmatites within the carbonatite indicate the younger 
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age of the syenite. However, the two rocks may well be dosely con
nected in time, and the near association between carbonatite and 
nepheline syenite must be emphasized. Away from the carbonatite 
nepheline disappears in the leucocratic bands of the gneisses which 
are syenitic or monzonitic. 

(e3a) The position of the syenite within the layered gabbro described 
on p. 130 is difficult to ascertain. The field evidence gives no dues 
as to its relation to the nepheline syenite. However, a certain relation
ship in time would agree with the general picture. 

The potassium feldspar of the syenitic rocks were not analysed. 
However, they are optically shown to be high in albite, and even when 
assuming a maximum vapor pressure the minimum temperature of 
crystallization cannot be much less than 700° C. 

(e4) It seems safe to assume that a connection exists between the 
nepheline - albite - pegmatites and the nepheline syenite on N ab
beren. The nepheline bands and pegmatites in the carbonatite indi
cate such a connection. They are most frequently met with dose to 
the nepheline syenite. Such a direct connection is more difficult to 
demonstrate in case of the pegmatites within the layered gabbro. They 
are explained, however, as fillings of concentric fractures, and may be 
connected with the nepheline syenite magma at depth. 

The existence of a genetic relation between the nepheline syenite 
and the nepheline - albite - pegmatites needs more elaboration. 
The nepheline syenite is a nepheline - alkali feldspar rock which 
contains roughly equal amounts of potassium and sodium. The pegma
tites on the other hand are sodium dominated. The only potassium 
mineral is relatively subordinate amounts of biotite. Very little work 
has been done on the study of the composition of the aqueous phase 
in equilibrium with a liquid silicate melt. Some recent work by BuRN

HAM and TuTTLE (1960) indicate that the aqueous phase coexisting 
with liquids approaching granitic compositions has higher Na20/ 
K20 ratios (and lower Al203/N a20+ K20+ Si02 ratios) than the coexis
ting liquids. Thus the preponderance of sodium relative to potassium 
in the pegmatites may be in harmony with the experimental data if 
it is assumed that the pegmatites represent the aqueous phase derived 
from the syenite liquid. 

(f) Faulting and falding took place after the carbonatite and 
nepheline syenite intrusions. The east-west fault which separates the 
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gabbro gneiss 2 from the layered gabbro penetrates the carbonatite 
immediately north of the nepheline syenite. Variable strike and dip 
directions are observed in the carbonatite and the skarn gneisess 
along this fault line. 

The uniform north-south foliation and the boudinage structures 
with biotite and nepheline pegmatite boudins in the carbonatite 
testify to a late period of folding. 

Recrystallization of calcite to large crystals has taken place along 
certain bands, especially within the skarn gneisses. 

The final metamorphism with faulting and folding probably took 

place at a high level in the crust. 

SOME CONCLUDING REMARKS. 

The evidence for a period of high-grade metamorphism separating 
the gabbros from the younger rocks eliminates a comagmatic origin 
of the Stjernøy rocks. In this connection it must be mentioned that 
while the evidence of a granulite-facies metamorphism is rather con
vincing in the case of the gabbro gneiss l series, the visible effects 
of this metamorphism on the layered gabbro (and even gabbro 
gneiss 2) are more dubious. The metamorphic textures (and minerals) 

observed in these rocks may have been formed by metamorphic and 
metasomatic action following the formation of hornblendite. 

Assuming the old complex to be represented by the gabbro gneiss 
l series alone, a petrographically interesting comagmatic relationship 
can be illustrated by the younger rocks, including the layered gabbro. 

The original basic magma will be assumed to have been water rich 
(and rich in C02). The gases were kept in the "chamber " during the 
gabbro crystallization, and a considerable gas pressure was built up 
as the magma cooled. RINGWOOD (1959) has shown that besides 
lowering the crystallization temperature, the effect of water is to co
ordinate preferentially with AIS+ in the melt. This preferential Al-OH 
order will tend to innhibit crystallization of AIS+ as (Al04)5- groups 
(in plagioclase). Accordingly Al203 will tend to accumulate in the 
residual magma, while CaO, which would have crystallized into anor
thite, enters pyroxene (see also MrYASHIRO, 1960, p. 77). Professor 
Simpson (University of Cape Town) informed me about the dose 
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association between gabbro containing clinopyroxene and carbona
tites. Orthopyroxene gabbros occurring within the same area cannot 
be seen to be genetically related to the carbonatites (e.g. , gabbro 
gneiss 1 on Stjernøy). Clinopyroxene is the typical femic mineral in 
the layered gabbro series. 

Y oder studied the influence of water pressure on the equilibrium 
relations in the system diopside-anorthite (Rov and TuTTLE, 1956). 
High water pressures enlarge the diopside field. A liquid of composi
tion e.g. , Di40An60 would under high water pressure first precipitate 
diopside while under atmospheric conditions anorthite would cry
stallize first. However, the temperature of crystallization also changes 
with pressure. Thus the layering of the gabbro cannot be explained 
by a process of crystallization under rhytmic building up and subse
quent release of pressure. If the layered gabbro crystallized from a 
magma at depth, the mechanism causing the layering may be similar 
to that postulated by Wager and Deer (1939) for the Skaergaard 
intrusion. 

If the pressure was not released the high concentration of (OH)� 
ions together with accumulation of Al(O,OH)�+ groups will finally 
induce crystallization of amphibole (RINGWOOD, 1958). In extreme 
cases the magma may crystallize completely as amphibole taking the 
AP+ and Nal+ (normally crystallizing as albite) and the Ca2+ and AP+ 
(normally crystallizing as anorthite) into solid solution. 

A ready inference would be that also hornblendite was formed in 
this way. However, the evidence for a metasomatic formation of 
hornblendite is rather convincing. Besides by this type of crystalliza
tion a sodium-rich amphibole should be expected which is not the case 
in the hornblendite. Again it should be pointed out that the Seiland 
province rocks are characteristically silica deficient but not excep
tionally alkaline. 

The accumulation of Al and alkalis in the magma during crystalli
zation lead to a syenitic rest magma instead of granitic rest magma 
of normal fractionation processes. At this stage the built-up gas 
pressure eventually ruptured the surface, causing large-scale faulting. 
Intrusion and subsequent crystallization of the gas-rich magma to 
carbonatite and nepheline syenite together with gases metasomatizing 
the surrounding gabbro, characterize the concluding stages of the 
magmatic activity on Stjernøy. 
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Economic geology 

The gabbro dominated Seiland province seems to be barren of 
economic base metal deposits often associated with basic rocks. Some 
iron mineralization occurs but are unimportant economically. How
ever, two rock types are of economic interest on Stjernøy. 

(l) The nepheline syenite on Nabberen. Mining of this rock as 
rawmaterial in the ceramics industry has been started by Christiania 
Spigerverk AjS. Enormous quantities are apparently available. The 
mining is planned as underground mining with a transport tunnel from 
west of Lillebukt The ore gives a pure nepheline-feldspar concentrate 
upon crushing and magnetic separation. This process will be carried 
out at Lillebukt wherefrom the ready-made concentrate will be 

shipped. 
(2) So far no economic exploitation of the carbonatite is planned. 

However, the rock, which is high in CaC03, K20 (in biotite which 
easily yields under weathering), and P 205 offers possibilities as 
fertilizer. The excellent soil given by this rock is demonstrated by 
the thick vegetation growing on it. 

The best \vay to mine it would probably be to quarry the weathered 
rock around Lake Gammevann for example. The economic barrier is 
probably a too expensive transport to the market. 

The carbonatite itself is too low in apatite to be promising as a 
phosphate ore. However, weathering agencies may have caused 
secondary enrichment of apatitc, and such deposits of apatite may 
be of economic use. 
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