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I. Introduction.

In an earlier paper by the author, viz. Peridotites, Serpentines, and Soap-
stones of Northern Sweden etc., the injection gneisses of the Muruhatten region
were shortly described in connection with the metamorphism of the peridotites
of that region. As this problem could not be fully dealt with in that paper, it
has been taken up for a further study, the results of which will be put forward
in this paper.

Some complementary investigations were made in the field in 1935, and the
main part of the description was written in the early part of 1937, but it
was thought convenient that it be complemented by a comparison with the
progressive metamorphism of a region of analogous position in Southern Lapp-
land, viz. the neighbourhood of Lake Borka which had been investigated by
the author at an earlier visit. Two sections were surveyed here in 1937, and
the relationship of this region will be described in a special chapter.

As the author had gathered a rich material of green hornblendes from the
Muruhatten region these amphiboles have been studied in some detail, especially
as to the alumina content and the axial angles of the minerals.

A short review of the part of the earlier paper dealing with the Muruhatten
region will be given: In the Frostviken parish of Northern Jimtland within
the crystalline schists, a region south of Kvarnbergsvattnet is composed
of mica-schists, gneisses, amphibolites, and peridotites. The gneissic rocks
preponderate around Muruhatten and Lillfjallet. In the central part injection
gneisses prevail. The mica-schists are strongly injected with pegmatitic and
granitic material and the original mica-schist is hard to discern. In the external
parts the injections are mostly recognized as distinct lenses and veins in the
schists. Alternating portions of injected gneisses and simple mica-schists
commonly appear. Thin-banded, veined gneisses may appear which are not
always possible to distinguish from the gneisses of wholly sedimentary origin.
The coarse, distorted gneisses or »augens-gneisses of the central parts are
generally more easily recognized as injection gneisses.

In the peripheral parts the granite or aplite injections are generally of
trondhjemitic- (albite-oligoclase to oligoclase) to adamellitic composition
while those of the central parts are of potassic or alkali-intermediate compo-
sition; here granitic or pegmatitic material may appear as large separate
bodies.
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Fig. 1. Geologic map of W. Frostviken (and neighbouring parts of Norway), N. upwards.

Mineralogically, the granitic intrusions are of rather pegmatitic composition.
They are generally not so coarse-grained as regular pegmatites and may often
be classified as aplites. Rather differentiated fractions, with feldspar or
quartz dominant, occur. The alkalies are often differentiated, as the pegma-
tites may have either prevailing acid plagioclase or potash feldspar. The larger
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granitic bodies are principally predominatingly potassic, while in the smaller
lenses sodic plagioclase prevails. The former are generally coarse-grained, the
latter rather fine-grained.

The simple mica-schists are generally thin-banded, often with separate
layers of mica, and quartz with feldspar. They are rich in quartz, and may
partly be designated as mica-quartzites and quartz-mica-schists or gneisses, as
a pronounced feldspar content, of acid plagioclase, is mostly present.

The injection of granitic material is much more common in the mica-schists
than in the amphibolites. These are generally not injected with pegmatitic
or aplitic material. When this has happened, it has mostly produced a forma-
tion of biotite in the amphibolites, or also a hydrothermal alteration of the
rocks. Sometimes migmatitic rocks have been developed between the amphi-
bolites and the granitic injections. The pegmatites may also have caused a re-
crystallization of the amphibolites. The granitic rocks are often tourmaline-
bearing close to the basic or ultra-basic rocks and show every transition from
granite aplites over tourmaline pegmatites to hydrothermally altered rocks.
Many profiles and detailed descriptions were given concerning the metamor-
phism of the ultrabasics, but that problem is not the main subject of this
paper.

A geologic map of the Muruhatten area in the scale of 1 : 20,000 was printed
in the paper mentioned (G. F. F. Vol. 57, 1935), p. 160. This map will be referred
to for the use of this treatise too. For a general geologic map of the Frostviken
region reference is made to the maps published in G. F. F., 1935, p. 677 (7)
and 1936, p. 432 (8). The first one is reprinted here with English text (Fig. 1).

As a rather similar injection metamorphism (but of another character) is
fully described from the Norwegian Caledenides in the Stavanger region by
V. M. Goldschmidt (13) a short summary of this paper will be given.

The chief intrusions of trondhjemites or granites have taken place at the
boundary between the early cambro-silurian phyllite-formation and the super-
imposed greenschist-formation. The regional rock of the district is a phyllitic
quartz-muscovite-chlorite schist. When approaching a Caledonian granite
small porphyroblasts of spessartinite-almandite garnet appear in the phyllite.
Closer to the intrusives chlorite and scme muscovite is substituted by biotite,
and the garnet becomes less manganiferous. The grain size becomes larger and
a typical garnet-micaschist appears. The order between biotite and garnet is
thus contrary to the general order. Pneumatolytic processes are often revealed
by the presence of tourmaline. At the innermost contact (mica-schist, feld-
spar-bearing mica-schist and injection-gneiss) orthite is rather common.

At the transition from phyllite to garnet-phyllite and garnet-micaschist
an enrichment in albite or plagioclase occurs in the matrix. Approaching
the intrusives the albite content increases and may be megascopically visible.
Rocks with albite porphyroblasts are typical of the injection contacts. Besides
garnet a greenish gray amphibole and some clinozoisite appear. In the next
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stage also potassic feldspar occurs. This is a gneiss or injected mica-schist.
It is at first a metasomatic process with but little addition of material. The
metamorphic rocks are generally veined by granitic bodies. A higher stage of
metamorphism is represented by mechanically intruded material in the mica-
schist.

The injections in the green-schists are recognized by the formation of much
amphibole which, together with clinozoisite, plagioclase, garnet and some bio-
tite, is the chief mineral.

The quartz-muscovite-chlorite phyllite has quartz, muscovite, and chlorite
as dominating minerals. Albite is decidedly less than quartz. Carbon and
some carbonate are usually present. Accessory minerals may be apatite, greenish
brown tourmaline, magnetite, titanite, rutile, and zircon. .

The quartz-muscovite-chlorite-garnet phyllite has somewhat larger grain-
size, and small knots of garnet. An average mineral composition of the rock
may be: quartz, muscovite, chlorite, albite, magnetite, garnet, rutile, carbon,
apatite, pyrite about in this order of abundance.

The quartz-muscovite-biotite-garnet phyllite has biotite instead of chlorite
and some muscovite. The minerals are generally quite visible and the texture
is often hornfelslike. The biotites and garnets are usually porphyroblastic,
and clinozoisite, amphibole and tourmaline are often present. Calcareous
sediments have much calcite wnich with increasing metamorphism is transferred
into epidote or amphibole and also into {itanite.

Albite-porphyroblastic schist appears with increasing supply of soda, and
locally porphyroblasts of both sodic and potassic feldspar may occur as tran-
sition to »augeny-gneiss.

When mechanically intruded material increases, injection gneisses are
formed. Common are bedded gneisses where the intruded material is inter-
bedded with schists. Veined gneisses are usually seen. Augen-gneisses have
besides quartz, plagioclase, and mica also large »augen» of potassic feldspar,
generally micro-perthite or microcline, and they may be injected schists or
protoclastic, injected, igneous rocks.

The SiO, content as well as the Na,O increases successively with the meta-
morphism while ALO; decreases. The Na,O supply cannot have been intro-
duced in the form of albite, because the Al,O, content of the rock formed is
too low for that. The introduction must thus have taken place in the form of
Na-silicate. The same thing is applicable to the lime. The phyllites have
consequently been supplied with the oxides SiO,, Na,O, CaO, while water has
been removed. In the augen-gneisses, however, feldspar has been mechanically
introduced. Minerals with excess of Al,O, over alkalies and lime decrease and
minerals with saturated alumina increase. Myrmekite and chessboard-albite
point to albitization of potassic feldspar. The alkali-silicates might have been
liberated from the granite by hydrolysis of potassic feldspar with formation
of muscovite. It is thus by muscovite-bearing rocks as e. g. the trondhjemites,
that the Na,O has been liberated, while the K,O has been fixed in muscovite.
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II. The mica-schists (older, sedimentary rocks)

In the exterior parts of the Muruhatten region and within certain parts of
the central area where the influence of the injected granitic rocks is slight,
the character of the mica-schists can be studied. They are thin bedded, grayish
schists, rich in quartz, and are generally cataclastic re-crystallized rocks without
any traces of the primary clastic texture, though some large rounded grains of
quartz or plagioclase may be seen, and in that case usually with an uneven rim
of secondary growth. The chief minerals of the rocks are quartz, micas and acid
plagioclase, generally with some garnet, epidote, ore minerals, and chlorite
secondary to biotite. Rutile or titanite, orthite, apatite, carbon, tourmaline,
and zircon are often seen. The average proportion of the minerals is about:
quartz > plagioclase = biotite > muscovite > > epidote == ore minerals >
titanite (or rutile) > garnet > apatite.

Table 1. Quartz-mica-schist from Muruhatten.
Analyst N. Sahlbom.

| |
1 Weight " Mol. E Mineral composition at.:cording to the analysis * !Niogli mluesf
! % prop. Weight % ‘ & k ‘1
‘ } ‘]
Si0, 69.29 | 711,491 ‘ BTN e T S e SR 43.51 si 335
TiO, 0.61 7 ] Oligoclase fAns") v o0 o L b T 0k ti 2.2
Al,O4 15.01 1,469 AR S e s 30.1 al 43
Fe,O3 2.29 343 | Sexiciie(Recondary; . C . . . v . .o OO fm 29
FeO 222 309 ‘ Blotite o0 e e e e c 7
MnO 0.09 13 ‘ S T RO e S e S o.1 alk 21
MgO 1.62 402 ; Diarget(almendite)s. o o0 il ooy k 0.69
CaO 1.2 235 i Epidote (with orthite) = . . . . .0, 5 20 mg 0.40
Na,0 1.42 229 ' Pitamate Sro Ll s L Soieri e cffmiciag |
K,0 4.72 ROl iEAnhes S i o e e et L iah ,’ 1
P,0, 0.15 IT | Magnetite L
S 0.02 6 ‘ titenomapnetite) = 0. Lt e “
HLOF 1.48 Lot s e L R S i o |
100.24 | 100.0 (

The plagioclase of the rocks is an oligoclase and it is often a prominent
mineral averaging about 15 weight 9%, of the mineral composition with a varia-
tion from 030 %,. Some rock types could thus petrographically be described
as gneisses, though the general appearance of the rocks is that of the mica-

* Volumetric measurement shows following percentage (weight %): Quartz 46.5, plag. 7,
muscovite 28, biotite 15, chlorite 0.1, garnet 0.3, epidote-orthite 2.2, titanite C.2, apatite O.4,
ore minerals 0.2 %.

* The composition of the plagioclases is generally determined on the universal stage:
LPM, Ly, L&, and albite twins. For control purposes refraction indices are often determined.
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schists. In some types (the quartzitic) muscovite is the predominating mica,
with up to 30 % of the rock, but generally the biotite predominates. The
biotites are brownish to olive-brown (generally o reddish brown and a pale
yellowish green) of ordinary grain-size. The garnets are very small and scanty
in the mica-schists in contrast to the injected schist where they often are abun-
dant and very much larger.

A typical quartz-mica-schist has been taken for analysis, Table 1, p. 9.

The plagioclase is an oligoclase with a composition An,, 5, both according
to the analysis and the optic properties. It is slightly sericitized in the central
parts. The biotite is strongly pleochroitic, y dark olive-brownish green > f
olivebrown > a greenish vellow. It is smaller in size than the muscovite which
is about as large as the garnet. The epidote is a pistazite with a core of orthite.

The analysed rock type is richer in muscovite and poorer in plagioclase than
the average type. For comparison Rosiwal measurements are made of some
other rock types (weight 9%):

Fable 2 _=.
2 3 4 5
BT Lk L e R e SR s et e 47.5 31.9 48.6 37-7
plagiotlase’ . . . . . 19.5 I1.8 16.5 25.2
muscovite:. .. L. i, A S e 26.1 20.1 —
Biotite e it Ss s 18.8 25.1 £3.5 16.8
chloribee P ot T s 0.3 —- — 18.3
epidote (or epidote-orthite) 0.3 2.0 1.3 —
APRER SR o S R R s o.1 — 1 0.4
. o.1
ore migerals .. i oL . NSRS - k0 .2
[Ty o ot Sl e i e e 0.5 — —_
00t BTG e R A 2 o.1 — — o.1
R G A SRR A A 2 e — — —— 0.3

These are all typical, sedimentary mica-schists with similar minerals as the
analysed rock. They are fine-grained, laminated rocks with the micas as the
largest minerals. The last one is somewhat hydrothermally altered.

Some types are slightly metamorphosed by the pegmatitic-hydrothermal
solutions and are partly re-crystallized with some porphyroblastic minerals.
Three rock types are calculated by the Rosiwal method! (weight 9%,):

Table 6—8.

(=)

Shack he e s . S G iR 53.
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1 In general an average of two rock slides.
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The plagioclase is poikiloblastic with a composition averaging An,, The
biotite is slightly paler than in other rocks described before, and it is rather
much chloritized (penninite-chlinochlorite). The biotite is often interlaminated
with muscovite which is phengitic in one of the rocks. The reddish garnet is
poikiloblastic (with quartz grains) and somewhat chloritized. Tourmaline and
rutile occur as in the pneumatolytic-hydrothermally crystallized rocks, though
they are of smaller size. The colour of the tourmaline is about the same as in
the pegmatites.

The last rock type represents a primary black shale and it is a rather unusual
rock type in this district, the general type being originally arenaceous sediments
and feldspar-bearing sandstones, relatively poor in alumina and lime. These
sediments are thus exceptionally rich in soda, probably because of weathering
of plagioclase-rich rocks such as plagioclase granites etc. The younger cambro-
silurian sediments to the west of this region are often rich in acid plagioclase
which is rather characteristic for this part of the Caledonian range, just as
a great part of the igneous rocks is of trondhjemitic character (of different
epochs of the Caledonian). In a neighbouring area, north of Kvarnbergsvattnet,
in the same tectonic (stratigraphic) position where the injection metamorphism
is slight, the author has also studied the mica-schists. The rock varieties are
there almost exactly the same as in the Muruhatten region, though the quartz-
mica-schists are more common, and the rocks are generally a little more chlor-
itized.

Tornebohm (22) who had mapped an extensive part of the central Scandina-
vian Caledonian, classified the crystalline schists (or seve-schists) together
with the sparagmites (to a great part feldspar-bearing sandstones), and he as-
sumed that the seve-schists partly were metamorphosed sparagmites. — It is
even now difficult to ascertain if the rocks described above belong to the lower
part of the Cambro-Silurian or to the Sparagmite formation (Eocambrian).

The unusually Na-rich composition of the Swedish caledonian schists and
slates has been indicated by many geologists as e. g. by Quensel (18) who has
emphasized their high Na-content as well as low Al-percentage and high Mg.
This is typical for both the kéli-rocks (less metamorphosed sediments) and the
seve-rocks of Southern Lappland and was exemplified by Q. with several new
analyses.

IIl. Injection-gneisses.

Lenticular bodies of granitic intrusions are often seen in the schists of this
region. They have often a pegmatitic- or aplitic texture and generally cor-
respond to a pegmatitic phase of granitic composition, with a dominating con-
tent of feldspar, much quartz and subordinately micas, mostly muscovite.
The mica is sometimes almost lacking.

These lenticular intrusive bodies vary very much in size from thin veins to
a width of at least 50 meters. Typical lit-par-lit injections are not common.
They are mostly diffuse and uneven. Within the most injected parts such
diffuse lit-par-lit injections are more frequent. As there is little difference in
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appearance between the non-injected mica-schists and the injected material, it is
clear that the transitions may be indistinct. It is generally neither a crystallizing
nor a crystallized rock that is injected but rather a solution which has reacted
with the environment and thus obscured the contacts. Within the central
parts of the region it seems as if the original rocks have been quite permeated
and made plastic, and they cannot be recognized.

The injected material can be rather massive especially in the potassium-

dominant bodies, but it is often quite schistose with grain-size varying from

Fig. 2. Lenticular intrusions of feldspar-rich pegmatite in mica-schist, with diffuse
streaks in the mica-schist around.

pegmatitic to aplitic. Particularly the sodium-rich injection-granites are rather
schistose. Coarse-grained veins of potassic pegmatites were observed traversing
earlier schistose injection-granites, of intermediate character, or richer in sodium.

These schistose, small-grained, injected granites may be distinguished from
the gneissic mica-schists by a somewhat larger grain-size, lighter colour on
account of few dark minerals, and by the great percentage of feldspar which
exceeds the quartz.

The injected material often occurs as veins in the mica-schists often very
uneven and with transitions into lumps and streaks. Within some parts the
injected rocks show large »augen» of feldspar (prevailingly potassium feldspar),
but otherwise an enrichment of quartz and muscovite corresponding to the
pneumatolytic-hydrothermal stage of the potassic-pegmatite intrusions. This
phase with strong enrichment in muscovite and quartz may be quite prepon-
derant around larger bodies of potassic dominant pegmatites.
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Large porphyritic microclines are common in the injected schists, often as
isolated »augen», or together with a diffuse injecting. Clusters of such »augen»
are often congregated, sometimes as an extension of a lenticular intrusion,
showing the permeation of the magmatic solutions with crystallization in
massive bodies, clusters of crystals and as isolated porphyritic feldspars.

Fig. 4. Diffuse streaks of solitary pegmatite injections invading the the coarse-grained garnet-
mica-schist. About !/, nat. size.



TORSTEN DU RIETZ.

Fig. 5, shows a plastic, re-crystallized, injected schist with schlieren of micaceous material from the
primary mica-schist. This type is enriched in muscovite and quartz and has augen of potassic
feldspar. 1/, natural size.

Fig. 6. Quartzitic mica-schist with diffuse veins of aplitic material in the lower part, and a
pegmatite dissecting the schist in the upper part of the photo. 1/, nat. size.
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Sometimes the injections are differentiated in separate streaks of feldspar,
and separate ones of quartz.

The pure granitic and pegmatitic intrusive bodies show that there is not only
a slight addition of material with re-crystallization of the schists to intrusive-like
bodies. The composition of the schists is not an extreme argillaceous sediment
with a great excess of Al, but an almost saturated rock, characterized by a high
Na,O and SiO, content as compared with ordinary mica-schists, and a high
MgO content as compared with the magmatic granites. The injected schists
have about the same excess of ALO, as the non-injected rocks, but more
feldspar, especially potassium feldspar. The injected rocks have an intermediate
composition between the injected granites and the primary mica-schists. The

Fig. 7, shows injections close to amphibolite in the neighbourhood of a big peridotite body with
a strong enrichment of biotite (and tourmaline) against the basic rocks (upper part of the fig.).
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analyses and the mineral composition show that the injected, gneiss-like rocks
have a small excess of alumina, but the pneumatolytic-hydrothermally injected
rocks have an excess of Al,O; which is greater than in the original mica-schists.

When the injections in the schists are in contact with basic igneous rocks,
especially with the peridotites, an aureol of a strong biotite formation is seen
which sometimes has a width of one or a few m, but sometimes it is quite visible
for 30 or 40 m from the ultra-basic, as e. g. Siterberget—Lillfjillet. The peg-
matites then generally form streaks of albite or albite-oligoclase surrounded

Fig. 8, shows a pegmatite intrusion close to a peridotite with much formation of biotite, muscovite,
and tourmaline around the masses of plagioclase. About natural size.

by masses of biotite and muscovite. By reaction with the Mg-extreme neigh-
bouring rocks evidently all potassium feldspar has been converted into biotite
and some muscovite has also been formed, while the pegmatites have been
desilificated (and also somewhat decalcified). Sodium has remained on account
of which these pegmatites often are extreme plagioclase-pegmatites, generally
together with some mica and tourmaline. Aplites and pegmatites close to basic
rocks are thus usually enriched in biotite, and they are poor in potassium
feldspar, and have a schistose appearance. They are consequently difficult to
distinguish from the gneiss-like mica-schists when no transition zones occur.
Small injections will be so diffuse that they are not recognized.

The injected rocks in general have a much increased grain-size. Particularly
noticeable is the enlarged size of the garnet which also has increased in quantity,
though it is especially numerous close to the basic rocks, favoured by the excess
of basic oxides just as the tourmaline is.
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a. Intrusive igneous rocks.
I. Trondhjemitic granites.

A sample of a large lenticular granite intrusion from Smalsundsberget
has been analysed. It is a white, granular rock, rather aplitic in texture with
some slightly porphyritic grains of plagioclase and muscovite.

The plagioclase -is an oligoclase, Abg,An, {p =516 0 —1 533 +1 PM 3>
max. symetr. ext. angle 3'/,°) which agrees with the analysis. Some small
myrmekitic plagioclases in the groundmass point to an earlier content of
potassic feldspar, probably albitized by the formation of muscovite. The biotite
has an intermediate pleochroism with: y brownish, > f olive-brown, > a pale
greenish yellow. :

This granite corresponds well with Goldschmidt’s trondhjemites of the types
with low An-content (12).

Table 9. Trondhjemite from Smalsundsberget, Muruhatten region.
Analyst N. Sahlbom (partly by R. Blix).

Weight Mol.prop. Mineral composition? Niggli values
Si0, 75.83 12,579 Quartz 39.2 (by weight) si 450
TiO, 0.00 oligoclase 52.3 al 49.5
Al O, . 14.21 1,390 muscovite 7.4 fm 15
Fe,Oq . 0.28 17 biotite 0.6 c 14
FeO: 0.20 28 epidote 0.1 alk 33
MnO . nid apatite 0.2 k RS 4y
MgO . 0.182 45 ‘100.0 mg 0.42
CaO 2.20 392 c/fm .7
Na,0 . 4.86 784 Norm
K,0 : et 139 Q 37.5
1 ¢ TS R S 1 i i Or o 4
O O U ok 222 Ab 41.1
121 R S o AN R S An 10.3
99.59 G 1.0

¥ Sal 97.6 9
Sp. gr. 2.67 Hy 0.6

Mt 0.4

Ap 0.3

Y Fem 1.2 %

Alsbachose

This rock is an extreme type of the region, as other examined rock specimens
are richer in potassium than this one. A similar rock type is the »injection-
gneiss» of Muruhatten described in the earlier paper (6), the analysis of which
will be recapitulated here.

* The calculated composition agrees with the volumetric analysis except for plagioclase and
muscovite which were 48!/, and 10 % according to measurement.

: Estimated.

2—382259. S. G. U., Ser. C, N:o 416. Du Riets.
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Table 10. Injected trondhjemite, Muruhatten.
Analyst I. Sucksdorff.

SiO, . 59.23 9,323 Norm Actual composition Niggli values
FO
ALOS T s0uco: 2 000 8} R kg0 Plagioclase (An 11.5) 65.0 9% si 189
ey i 1:87 115 AL e Rearts o 6.0 al 39
PeDr o 4.64 646 An . 8.9 Biotite." . . ... . 220 fm 29
MgO . 2.8 640 Cc 3-4 Garnet . 5.0 e 6
€ab T gy isiy 2 Sal. . 84.4 Zoisite . : 0.2 alk 26
Na,0 . 6.73 1,083 H _{MgSiOs S 4[”‘1 Magnetite .50 0 . L7 k 0.20
K,0 2782 267 FeSiO, 5 7( Apatite ) L0 oo % S 0.42
H,0 o.52 289  |Mg,SiO; . o8l 100.0 C/tm S
MnO . tr VEe,Si0; 7 ol -

100.38 Mt o R
Spigr. = 278, Y Fem . 15_6 Akerose

This rock type has been slightly contaminated by reaction with basic rocks,
especially with peridotite. This has resulted in a loss of Si0,, CaO and probably
also a little K,O and an addition of chiefly MgO and some iron. This reaction
has produced the crystallization of biotite and garnet at the expense of quartz
and some muscovite. The plagioclase is poor in anorthite, decidedly richer in
albite than the rocks otherwise are. The loss of CaO has evidently gone to
formation of tremolite-actinolite at the peridotite border. The outer parts of
the injected rock are much more altered and are surrounded by an aureole rich
in biotite (much chloritized) and tourmaline. — In other parts of the same rock-
mass where the reaction is less prominent the rock is richer in quartz and has
muscovite, but very little garnet and biotite.

Transitionary rock types towards the more common intermediate granites
also occur. They are generally small-grained, with granitic texture or somewhat
cataclastic. The composition of one type is about: plagioclase > quartz >
microcline > muscovite > > garnet.

Another, a little richer in microcline has been calculated by the Rosiwal
method:

Table 11.
Onartz | 5 o~ e ooo22.2 of (by weight) MSCOVIIE o A T s e e s 7.7
oligoclase (An,;) . . . . 38.2 muscovite-symplectite (muscovite 4
myrmekite . T Lo . 13 QuAEtz)y L S L L e e s i 4.7
microcline . .o . a2 hiohite "o Sl e e R L

This rock is somewhat gneissoid and uneven in composition. The microcline
is often porphyritic and some porphyritic grains of plagioclase also occur.
Much smaller grains of both plagioclase and microcline are seen. The muscovite
occurs as large blades, though also as smaller flakes, and often as an intergrowth
of muscovite and quartz secondary to both potassic feldspar and plagioclase
(symplectite). Some myrmekitization of microcline occurs, often associated
with muscovite-symplectite after microcline. The microcline is a little perthitic
and has a high index of refraction pointing to a microcline richer in sodic feld-
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spar than is usual. The biotite has a strong pleochroism: y greenish olive >p
brownish-olive >>>> a greenish vellow.

The rock is a lenticular body in a feldspar-rich mica-schist, and it is probably
contaminated by material from the schists. The percentage of micas is quite
as high as that of the mica-schist, but with muscovite preponderant. The
magmatic solutions have evidently had an excess of Al,O,, and probably more
K,O than shown by the rock analysis. At the late (hydrothermal) stage of the
crystallization muscovite has been formed partly by reaction with the earlier
crystallized feldspars. The myrmekitic albite-oligoclase was probably formed
at the same time.

2. Aplites.

Several of the granitic rocks are very fine-grained and have been classified
as aplites. They are petrographically generally of the same type as the rocks
described in the preceding division. As most of the rocks have been observed
close to amphibolites or peridotites they are more or less contaminated, and
often surrounded by tourmaline-rich aureoles. The compositions of these aplites
are consequently similar to the injected trondhjemite from Muruhatten de-
scribed above.

An average type of aplite has been calculated by Rosiwal measurements and
recalculated to a rock analysis by mineral compositions ascertained from other
analyses:

Table 12. Trondhjemitic aplite, calculated. Muruhatten.

2318 PO A S TR 67.47 11,189 Mineral composition Niggli values
3 3L AR Sl L 0.45 56 Quaety D0 24.0 % CHER SRR
AL 16.61 1,625 oligoclase An,; . . §7.0 T 1.4
B e 0.50 3x potassic feldspar . ©.2 ale e S ey
DM~ o 2.87 358 muscoyite. . o o fini i o8
L I e e 2.09 518 Dot oo 16.0 (BB O
e 3 SR S S S 2.33 415 garset . .00, I.o ok 26
s DR et s 4.97 8oz tourmaline . . . o.5 RS 0.23
P e R R AT 2.20 223 syt 7 IR e e 0.2 7 B .58
3P b AR S e 0.16 11 sulphides: . .\ . 03 effm o 0.42
T S S e 0.08 23 apatite (+zircon). 0.4
1M p SO T R 0.03 7 100.0
18 e o S e 0.52 289

100.00

The aplites often show transitions from types with purely magmatic to
others with much hydrothermal minerals, and they are by contamination richer
in reactionary minerals than the granitic rocks. To the reactionary minerals
may be reckoned: biotite, garnet, tourmaline, rutile, iron sulphides, and partly
zoisite (epidote).
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3. Intermediate granites.

Most of the intrusive granites are of an intermediate composition. They are
generally granitoid with porphyroblastic feldspars and granular matrix,
though they are less granulated than the more trondhjemitic varieties and
are thus a little more coarse-grained. Two similar rock types are analysed:

Table 13. Muscovite-granite, W. of Muruhatten.

Analyst N. Sahlbom.

SiO, 74.65 12 380 Mineral composition! Norm Niggli values
TiO, 0.07 9 Ouarte. ... . 17.07% Q 35.5 . TR -
ALO;, . 14.30 1399 plagioclase An,,— Or 26.4 - R 0.3
Fe,0; . 0.56 3 A T D aek Ab 28.3 al L8 e
FeO . 0.52 72 .- microcline ., . . X9.7 An 4.1 5 e R
MnO . o.10 14 myrmekite (plag. £ 2.4 ST 6.6
MgO . o.19 47 + quartz) . . . 2.5 <~ Sal 96.7 allk i 3 -uah
ol -, 1.04 183 muscovite . . . . 14§ k-t 0.47
NaD . . 335 £4o; - bindite.. onl o Lo Hy T2 meg .o 0.24
KO . . 4.46 473 Eawnet o L . O {1 o.1 clm . . 0.9
By . .ooourg 1I Bpatite 51 0N O a3 Mt 0.8

Ba© . . it iron sulphides Ap C.4

O . . 0b2 344 (+ iron oxides) . 0.2 ZFBem' = 2.4

100.01 100.0 % Alaskose

O Saaa0
Spoge. . 268

This granite is of an adamellitic type, or aplite-granitic to engadinic according
to Niggli. Both plagioclase and microcline occur as porphyritic grains, though
the microcline often appears as matrix to the plagioclase. The larger plagio-
clases have a composition about An,;—An,; while the smaller ones are richer
in albite, and the myrmekite plagioclase is about An,,. The microcline is gen-
erally without its typical twinning. Its refraction indices are about y = 1.5275,
o = I.520, and the axial angle 2V, = 84 & 3°. It is slightly richer in sodic
feldspar than the microcline calculated out of the pegmatite on p. 23.

The structure of the rock is protoclastic and slightly cataclastic.

Table 14. Adamellitic granite, W. of Muruhatten.
Analyst N. Sahlbom.

Si0, 75.89 12 585
Ti0, 0.00
ALO, . 13.82 1352
Fe,O; . 0.50 31
FeO 0.40 56
MgO . 0.152 37
CaO 1.20 214
Na,0 . 3-45 556
K,0 3.61 383
PO . 0.07% 3
H.Or 0.80 444
BaO 0.00

99.89

Mineral composition

Quartz .

plagioclase
An,)

microcline

myrmekite (plag.-+

quartz)
muscovite
biotite .
apatite
magnetite

{An,—

2

.9

- -
|5} OO
bl ko wo

O
o~

OO0 0O =~0

= |
(o ll|

38.6 %

Norm
0
Or

Ab
An
PR
= Sal
Hy
Ap

Mt

< Fem
Tehamose

>
J
2
2

0.7

1.6

Niggli values

OGRS T
T R
fm 6

PR e 8.5
allc oo e
ot e 0.46
mE .. 0.24
cftm . . 1.4

1 Vol. measurement showed slightly less of Q and plag. and somewhat more of muscovite.
2

Estimated.
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It is an adamellitic muscovite-granite of aplite-granitic to yosemitic magma-
type according to Niggli (though high content of si and al). This rock is more
gneissic than the one described above and it is partly similar to an »augeny-
gneiss on account of stronger granulation. The microcline mostly occurs as
porphyroblastic grains often bent and with uneven perthitic intergrowth due
to stress (Fig. 9). Crushed grains also occur in the lepidoblastic matrix. Some

Fig. 9. Uneven perthitic intergrowth in microcline produced by stress.

parts of the rock sections show strong crushing where a re-crystallization of
muscovite has occurred among the small grains of quartz and feldspar. Por-
phyritic crystals of plagioclase are also undulous, often bent and with crushed
margins. They are sometimes penetrated by muscovite blades (as well as the
microcline). The microcline often envelopes the plagioclase grains, though
small grains of microcline are also seen in the porphyritic plagioclases. The
rock conveys the impression that an enrichment in potassium has occurred
after the main part of the plagioclases have crystallized, and still later is the
crystallization of the muscovite. This is a familiar feature from the rocks of
this region pointing to a continuous crystallization beginning with a formation
of chiefly plagioclase, then a crystallization of chiefly potassic feldspar when
a rock richer in plagioclase has already crystallized, and finally a strong forma-
tion of muscovite which reacts with the earlier formed minerals. A little sodium
is hereby liberated producing the myrmekitization of some porphyritic micro-
clines.

The mineral composition of two more potassic rock types are calculated
volumetrically (weight %):
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IS. 16.

T el i R T e SRR e L 27.2
plapioalaseea = oL UT T s s e ok 10.4
e R e e e GRS e S 5I.4
myrmekite (plag. +quartz) . . . . . . . . . 1.8

museRvaBE R R e e U e 9.8
O B e 4.3

L A SR N R R N G SRR S o.1

apatite s U s Ele s S e o.1
e e APal S PR N S L S SR I.t

100.0 % 100.0 %

Both rocks are gneissoid, the first one small-grained and the other more
coarse-grained, rather pegmatite-like, also seen by the composition approaching
that of the pegmatites described below. The microcline is porphyroblastic
and poikilitic, at least at the margins. The plagioclase forms smaller grains.
It is about An,q in the first rock and more sodic in the second.

The microcline in two rock sections had fine interpositions probably of silli-
manite, but it is generally not sericitized.

4. Potassic, graphic granites or pegmatites.

Large pegmatitic bodies have been observed in several places. One was
almost 100 m long and about 50 m wide. These pegmatites have generally a
graphic texture and they are not gneissic. They consist predominantly of
microcline.

Table 17. Potassic pegmatite, Lillfjdllet.
Analyst N. Sahlbom.

SiO, 72.46 12,017 Mineral composition Norm Niggli values
TiO, 0.09 11 Quartz . o % Q. 23.4 SE e
ALO; . 14.46 1,415 plagioclase . 3.0 Or 53.9 i ipaes 0.4
Fe,Oy . 0.08 5  microcline . 64.4 Ab 19.2 al 49
FeO . 0.37 51 myrmekite (plag.+ An 0.6 fm 3
MnO . 0.01 I quartz) 0.3 (& s 0.6 c 2.4
MgO . o.11 27  muscovite 3.4 2 Sal 97.,; alk 46
CaO 0.36 64  muscovite-symplec- 13855 0.73
BaO . 0.09 6 tite (muscovite} Hy 0.8 mg 0.3
N2, 0 . 2idy 366 quartz) o2 i 0.2 c/fm 0.78
K,O0 9.13 969 biotite . 0.9 Mt o.1
P,0s 0.20 14  apatite 0.5 Ap o.5
H,0t . 0.28 155  ilmenite o. S Fem 1.6

(39:}) I epidote . Omeose
Sp. gr. 2.62 100.0 %

The composition of this rock is similar to many graphic granites in Washing-

ton’s Analyses of igneous rocks.

The biotite of the rock is much altered to chlorite, and a little prehnite is
perceived. The intermediate composition of the plagioclase is about An,,,
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but larger grains seem to be Any, (albite twins max. ext. 8°, ext. | a =8°).
It occurs as small grains between the large microcline grains and it is also seen
within the microcline. The large microclines have intergrowth of quartz grains
with equal extinction positions. The photo, fig. 10, shows this texture and also
some inplication texture between muscovite and quartz at the borders of musco-
vite grains at contacts with microcline (Fig. 11). The microcline has about the

Fig. 10. Microcline with granophyric intergrowth of quartz, and muscovite dissecting the feldspar.

following refraction indices: y = I.527, a = I.5195. A calculation of the
composition of the mineral according to the rock analysis which agrees well
with the Rosiwal measurements gives the following result:

Si0y: < 65.7 %

AlO; . 13.3

CaO o.1

Balls s R T e e e o.1

i i ISR P R e 2.8

K,0 13.0
100.0 %

This gives a small excess of alkalies, and deficiency of ALO; (Y/s %)-
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Two other pegmatites show the following mineral composition:

Quartz
albite .
myrmekite
microcline .
muscovite .

Both rocks have also some symplectite intergrowth of muscovite and quartz.
The large microclines are somewhat perthitic and also poikilitic: The plagio-
clase of the first rock type is almost pure albite.

Fig. 11. Symplectitic intergrowth of quartz and muscovite replacing microcline.

b. Injected mica-schists.

In the injected areas banded gneisses often occur, where veins of feldspathic
material can be discerned in the bedded mica-schist. These veins are generally
a trifle reddish due to their content of potassic feldspar. They may have every
dimension from thin veins up to lenticular pegmatoid bodies. Thin veins of
granitic or pegmatitic material are thus common in the environment of the
larger intrusions. Sometimes there are more lumps and »augen» of feldspathic
material instead. In the exterior parts of the region this permeating of the
mica-schist is less noticeable, but in the central parts the soaking of the rocks
may be so complete that they look like regular ortho-gneisses.

A typical, veined mica-schist has been analysed:
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(8]

5
Table 20. Injected mica-schist, W. of Muruhatten.
Analyst N. Sahlbom.

Si0, . . 63.08 10,461 Mineral composition! Norm Niggli values
10 RN 7 105 Quazte. v o L 20.6-%, 0 viiesy abg Sii. o f. G240
AlLO; . . 18.01 1,762  Oligoclase (Any) . 19.0 Or 26.1 al e
1 b TS G Y 96 Potassic feldspar 8.8 Ab 15.8 T )
FeOQoim -8y 669  Muscovite . . . . 10.4 An 6.3 (IS O 6.3
MnO ., . o1z Ig. . Biotite. . o . 240 £ 7.8 alk — o1l
MgO 2.05 gol < Ehlprite . v oo Zsal . 82,3 e vt 6
CaO I.56 278  Sillimanite . 2.5 WE . 0.37
Na,0 . 1.87 302 Cyanite 3.7 Hy o o1t citm . . 0.2
K,0 4.43 470 Apatite g Al < Bl 1.6 Moo 2.3
P,0; O 16  Iron sulphides . . o.r M=o s
ELOFl o raa 733  Titano-magnetite 0.3 Ap 0.5

99.85 Secondary sericite . 0.8 S Fem 15.8
HO=L v Weight % 100.0 Adamellose
Sp. gr. 2.80

Compared with igneous rocks the composition shows too high value of
AlLO; and also of MgO. The P,0; content seems rather high for a mica-schist.
The rock represents a plagioclase-rich mica-schist, about of the same type
as the mica-schists Nos. 2 and 6 on page 10, injected with adamellitic to
potassium-granitic material (chiefly feldspar). An enrichment in potassic
feldspar and possibly some plagioclase and micas has occurred as compared
with the original schist. The content of Al-silicates is remarkable as these
minerals have not been observed in the non-injected mica-schists. The cyanite
was probably formed during the combined action of the magmatic intrusion
and stress at an early epoch. As is seen by the rock slices it was not stable and
has been partly converted into sillimanite which in its turn has a beginning
replacement by mica. With the referred composition of the rock the Al-silicates
are not stable as they should react with potassic feldspar and form mica.
They have evidently been formed as an early metamorphism product, but are
vanishing by the continued action (viz. injection) of the magmatic materials.
Another similar, streaky mica-schist in the neighbourhood which was a little
less injected has about the following mineral composition:
21
Quartz ;
oligoelase .o, L o
sericitized plagioclase .
potassic feldspar . AEE oot
myrmekite (plag. -+ quartz) .
muscovite .
biotite
chlorite .
garnet
apatite .
sillimanite
cyanite .
zircon

ore grains .
cordierite.............}

weight 9,

Lo

-
© 000m000GwoaNAR

9
2
4
e}

2

5

-9
1
2
3
4
4
1
2

rutile . :

100.0

! Volumetric measurement gave the following composition in weight 9: Quartz 31, plag. 20,
potassic feldspar 8'/,, muscovite 8, biotite 27, chlorite o.r, sillimanite 2, cyanite 3, apatite 0.4, ore
minerals 0.3 %. ’
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The mixed origin, and the unsaturated composition of the rock, is displayed
by the great number of minerals. The rock had fewer veins of injection than
the one described before, and this is also shown by the decrease in potassic
feldspar and muscovite.

A typical injected gneiss from the central part of the region has also been
analysed. It is a contorted, mica-rich rock of the same type as that in fig. 5,
close to a large pegmatite body:

Table 22. Injected mica-schist, W.N. W. of Murutorpet.
Analyst N. Sahlbom.

Sib e sl 5e o Tl a1 Mineral composition Norm Niggli values
TR0 . Dies 66 Onarte:s . v 430 % €. 530,60 RS
ALOF. L gt 1,401 plagioclase Anye— Or 5 2RE Al s e
Fe, 05 . 1.39 87 b TSN G s e ot 17.2 Ab SELERIR fm 29.4
FeO . 3.04 423 potassic feldspar 4.9 An 6.2 c -
MnO . . o.10 14 muscovite . . . . 16.7 e 4.8 alk . . 283
MgO . . 1.46 shyis biotites o, 0 15.0 Taa 8%k 0.59
el . w13 232 Al - e 0.03 Mg s 0.37
Na,O . 1.81 292 sillimanite (-+cyan- Hy 7 c/fm. . 0.24
K,0 T 413 Y TR s 27 i SRS - e 2.0
8 R o 3 apatitel 25 o o.1 Mt 2.0
H,0 0.92 511 rabile Uiy aaes 0.03 Ap o

100.17 sulphides. . . . . 0.05 > Fem . 103
85 .. - Ot magnetite . . . . 0.2 Tehamose
H O e 0us BTOON . Uiy A 0.05
Sp. gr. 2.79 100.0 weight %

A sedimentary origin of this acid rock is indicated by the high values of MgO,
iron and TiO, (chiefly contained in the micas). The content of potassic
feldspar and muscovite points to the magmatic influence (perhaps also the
zircon and sulphides). Some biotite and muscovite are congregated, and they
are often larger than the other minerals. The feldspars partly form large
poikiloblastic grains and partly smaller ones of the magnitude of the quartz
grains. The sillimanite (and a small percentage of cyanite) forms thin needles
penetrating the plagioclase, but they are generally enveloped in the micas.

The mica-schists of these injected rocks have primarily been quartzitic mica-
schists. The biotite of the schists have generally a rather strong pleochroism
in olive-brownish colour.

c. Injected gneisses.

Some parts of the injected schists are quite gneissoid rocks and »augen»-
gneisses. They are very feldspar-rich mica-schists (para-gneisses) which have
been much injected and metamorphosed. There has partly been an addition
of granitic material, but partly, and mainly, an enrichment in potassic feld-
spar. Large, porphyritic microclines are formed up to 4 cm in length. The
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microcline is generally without its typical twinning, and it is sometimes
perthitic. The distribution of the porphyroblasts is very uneven, sometimes
many together but often only solitary ones, indicating an uneven enrichment
in potassium. The microclines are poikilitic, partly as a matrix enveloping the
other minerals, but also as independent crystals, rather rectangular in form
though sometimes granulated. Resorbed grains of quartz and plagioclase are
often found within the microcline crystals.

The plagioclase may also be porphyritic, up to i/, cm in size, though usually
not. It varies in composition about An,—An,,, averaging An,,.

An average of three rock samples gives the following composition:

Table 23. Injection-gneiss, E of Muruhatten, calculated.

e e 75.79 12,602 Mineral composition Niggli values
@O s 0.32 40 SO0UBHE S s e T 46.6 % SIS aqg
V3 1 9 IR R I 12.34 Y207 - oligoelase [Ahg). . .o n 29.6 B T34
By o.80 5o - -potassie feldspar’. . .. 5.0 aliite e
118 e B 1.91 266 myrmekite (plag.+quartz) o.3 i S
MEO o o 128 goy . L amuscovIte . LU 6.1 s 1o
RO A sin o 1.63 Qg Cobiotite owe L L as T L, 11.9 alk: o 2
N - S 2.83 456 = clilomte o LU0 s S h, 0. % K S Oi37
0 I e A R 253 20 epiagie SA R o woise S o.1 me 0.46
£ @ b s e P e 0.62 344 apatite (4 rutile) . . . . o.1 cffm . . 0.43

100.00 Zitpbnoe o n e i o.1

ore mineeals. . e s 578
100.0 %

The composition of this rock is thus rather similar to a trondhjemitic granit,
though the content of MgO and TiO, is high and the alkali percentage is
low.

The less injected rocks of this area have about the same content of plagioclase
but decreasing potassic feldspar which is the main material added by the
injection. '

d. Muscovitization. ||

Most of the injected schists and injection-gneisses show some muscovitiza-
tion of the feldspars, especially of the microclines. It is blades of muscovite
penetrating the feldspars in several directions, pointing tc hydrothermal alte-
rations of the rocks in the latest stages of the injection metamorphism, often
accompanied by formation of tourmaline, garnet and precipitation of sulphides,
and sometimes followed by chloritization of the biotite. The injected granites
and pegmatites often show alteration of potassic feldspar to muscovite also.
Some parts of the central area of injection-gneisses show rocks enriched in
muscovite, or in muscovite and quartz with solitary »augen» of potassic feld-
spar. This generally occurs as an outer aureole around microcline-pegmatites.
One rock of this type has been calculated volumetrically:
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Table 24. Injected mica-schist, Lillfjiallet.

SRR 0 e e Sl Y 47.4 % (by weight)
Plagioclase =~ e nce Tt e 18.4
potassic feldepay "~ vt b £ ¥
yauseavile O ool e o ity 29.0
o R S S S e e e A b S
R e s Ly e 0.4
TSyl e R R e R R e 0.4
SRABIRBL L e e 0.2
SUIPRITIES o e e s L s 0.2
e TR SRTEREE R e tr.
100.0 %

The rock is rather coarse-grained with large muscovites and porphyritic
grains of plagioclase, up to !/, cm in size. Only solitary larger potassic feldspars
occur as »augen» one or twc cm in length.

The plagioclases are sericitized which shows itself to be intimately associated
with the crystallization of the muscovites. The tourmalines are larger than in
the schists, about of the same magnitude as in the pegmatites, with pleochroism
from dark bluish green to pale yellowish green. The biotite has the usual colour
of that of the injected schists, viz. dark brown-olive to pale greenish yellow.
It has often been altered to a greenish penninite.

Associated with muscovitization is a formation of biotite close to basic
igneous rocks. Next to the peridotite or amphibolite the biotite dominates over
the muscovite, but departing from the contact the muscovite increases. An
enrichment in tourmaline occurs near the basic rocks, generally accompanied
by a chloritization of the biotite. The feldspar is here always a plagioclase as the
potassic feldspar is transformed into biotite by reaction with the Mg-rich
rocks.

A good section through the injected and muscovitized schist with increasing
reaction when approaching a big peridotite is to be seen at Siterberget. Three
samples taken in successive order from Lillfjillet towards Siterberget show the
following mineral development:

1) Quartz > plagioclase > biotite >> muscovite > potassic feldspar > epi-
dote > apatite. Some of the potassic feldspars are porphyritic, otherwise they
form a matrix around the plagioclases.

2) Plagioclase -~ quartz = muscovite > biotite >>> sulphides > rutile >
zoisite (or clinozoisite) > tourmaline (feldspar > quartz). The sulphides
consist of pyrrhotite and some pyrite, often with pyrite as a core inside
the pyrrhotite. The muscovite has grown through the plagioclases in every
direction, with very different sizes of the blades. The potassic feldspar has
successively disappeared.

3) Biotite > muscovite > plagioclase > sulphides (generally pyrrhotite) >
zoisite (-- orthite) > rutile == tourmaline. Towards the peridotite contact the
biotite and tourmaline increases and the muscovite vanishes, though the
biotite is generally chloritized.
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Fig. 12, shows muscovite intrusion in microcline with conversion of the microcline into
myrmekite. The vermicular quartz is often oriented to the muscovite.

Fig. 13. Sponge-like myrmekite-plagioclase attacking the microcline, generally in the neighbourhood
of muscovites.
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The muscovitized, pegmatite-injected rocks are very much like greissen,
and the origins of these rocks are also similar, both being pneumatolytic-
hyrothermal alterations following pegmatite injections.

In thin sections the intrusion of muscovite into microcline is generally
associated with two typical micro-textures viz. muscovite-quartz-symplektite
and myrmekite. The muscovite-symplektite develops when the muscovite
blades enter the.microclines. Quartz is evidently set free by the conver-

Fig. 14, shows sponge-like myrmekiteplagioclase attacking the microcline (with radiating vermicular
quartz in the myrmekite).

sion of microcline into muscovite and an intergrowth of quartz and musco-
vite is formed. The photo, fig. 10, shows such an intergrowth. The in-
trusion of muscovite into microcline or close to it, is mostly followed by a
conversion of microcline into myrmekite, beginning at the margins. A
typical view of this is pictured in fig. 12, showing the rods of vermicular
quartz going out from the muscovites intruding the microcline or bordering
it. Figs. 13 and 14 show sponges of myrmekite-plagioclase transforming
the microcline, generally starting in the neighbourhood of the muscovites.
The rest solutions have evidently been rich in alumina as well as potassium
and have reacted with the earlier formed feldspar under development of
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Fig. 15. Injection-granite showing partial crushing of the grains (at the rims
of the large grains).

Fig. 16. Injection-granite showing strong crushing of the grains.
(-] J o S =3 i=]
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muscovite. At the same time Na,O has been set free and attacked the
microcline and partly converted it to plagioclase with the excess of silica
precipitated in situ. Part of these quartz vermicules might have been
generated by the excess of silica formed at the conversion of potassium
feldspar to mica.

e. Discussion.

Referring to a facies classification, the rocks of the Muruhatten region gen-
erally show transitionary stages between different facies on account of the
great variation of the material, the incomplete reaction between the different
types, and the continuous change of the injection metamorphism from almost
magmatic to hydrothermal stages. The incomplete saturation is often shown
by the great number of minerals in some rocks which should not occur in a
stable facies. Before the introduction of the granite-pegmatite intrusions the
region was composed of sedimentary rocks varying between argillaceous rocks
and more or less feldspar-bearing sandstones. Calcareous rocks seem to be
quite wanting. Basic igneous rocks, now in the amphibolite facies, are very
common in this area. Some of them have been intrusive rocks, while others
may have been extrusive. They have evidently been strongly metamorphosed
before the main intrusions of the salic rocks. The region is also rich in ultra-
basic rocks which better resisted the metamorphism before the granitic
injections.

The great variety of the rocks and the variation of the salic intrusions, start-
ing with plagioclase-rich rocks and passing over to potassic dominant types has
preduced rather complex rock masses.

A general table (cf. pp. 34—35) of the chief rock types of the injections,
injected schists, and mica-schists, based on volumetric analyses will give a
condensed review of the preceding descriptions (the metamorphism of the
basic rocks will be discussed in a later chapter).

The lenticular pegmatitic-granitic bodies correspond to the pure concentra-
tions of almost entirely introduced material crystallized along the planes of
schistosity of the schists. Sometimes a large complex of the schists has been
thoroughly permeated by the introduced solutions, and the original material
of the schists may be discerned as streaks or micaceous stripes in a gneiss-
granitic matrix (compare the photo, fig. 5). In the larger lenticular bodies one
often sees a pure pegmatitic rock in the center and a mica-bearing rock against
the borders with a diffuse transition to a mica-schist which generally has veins,
lenses, or »augen» of feldspar-rich material in the neighbourhood (cf. photos,
figs. 2, 3, and 4), and clusters or »augen» of feldspar in the continuation of the
larger body. There is thus no difference in the added material, but only a diffe-
rence of the degree of concentration. In the central areas one often sees larger
pegmatite bodies, and the size of the feldspar crystals are naturally also
bigger than in the small bodies.
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A comparison with Goldschmidt’s description of the injection metamorphism
of the central zones of the Stavanger region shows great similarities, though
the main part of the injected material in the Stavanger area is composed of
trondhjemites, and in the Muruhatten region it is composed of intermediate to
potassic granites. Both kinds of injections are thus found in these regions
though in a reverse order. The country rocks of the Stavanger region should
primarily have been potassium-dominant rocks, and the added material was
predominantly sodic; in the Muruhatten region the conditions were the reverse.
As in many other instances the metamorphism has aimed at a chemical equali-
zation in both examples.

In Frostviken many Na-dominant acid igneous rocks are met with in the
westerly (and less metamorphic) parts of the region. One may thus easily
conceive that they are a farther away transported phase of the central zone,
viz. the Muruhatten region. This region corresponds to the migmatite-front of
the transition zone (Ubergangszone) at the border of the »Oberbau» according
to Wegmann (23). The Stavanger region corresponds to a higher level of the
migmatite-front in the »Oberbaw, partly also correlative with some migmatites
of W. Viisterbotten (cf. A. Hégbom, 14, p. 34), though that level may be still
higher, corresponding to the intrusions of the westerly part of the Frostviken
district (though these rocks are less active).

Goldschmidt counts with an originally homogenous material with a great
excess of Al,O, in argillaceous rocks, and points to an increasing Na percentage
toward the trondhjemites. In the Muruhatten region much of the originally
sedimentary rocks must have been arenaceous and feldspar-bearing, and have
not had any marked excess of Al. The injected rocks show about the same rate
of Al as the mica-schists. The added material has about the character of inter-
mediate or potassic granites in the form of alkali-aluminium-silicate, partly
probably in the form of aluminate. In the late pegmatitic to hydrothermal
stage Al has been introduced in excess, transforming some of the feldspars to
micas. This might partly be accounted for by removal of alkali, as the feld-
spars are less stable at this late stage. The micas have been formed principally
at the expense of potassic feldspar, and at the same time a little sodium has
been freed and produced a slight myrmekitization of the potassium feldspars
(cf. photos, figs. 13 and 14).

The extreme Na-dominant intrusions are generally met with in the neigh-
bourhood of basic or ultra-basic rocks. A migration of potassium has occurred
from the injections to these rocks for the formation of biotite at the borders.
These granites or aplites are thus biotite-bearing and somewhat desilificated.
The injections have originally not been so Na-extreme in these cases. But
several isolated plagioclase-rich intrusions in the mica-schists show that we
still have had series of intrusions, starting with Na-dominant rocks (more
granulated and recrystallized), with transitions to pure putassic pegmatites
(which are but little cataclastic).

In the case of the pegmatite intrusions in the mica-schists thev are not so
easily perceived, as the equilibrium of the mineralfacies of the rocks is scarcely

3—382259 S.G. U., Ser. C, N:o 416. Du Riets.
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Rock types of the Muruhatten injection complex tabulated
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according to volumetric analyses. (Weight %.)
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disturbed by the intrusions, the materials being rather similar. In peg-
matite intrusions in amphibolites and peridotites the different materials in
contact with each other are heterogeneous, and reactions will occur between
the two phases, effecting that equilibrium is reached in neighbouring parts
with transitions to both sides. The formation of tourmaline is favoured by the
presence of basic oxides in excess, and therefore much tourmaline has often
crystallized at the contacts of the pegmatitic intrusions and the basic rocks.

Goldschmidt considers that close to a granite purely magmatic or crystallizing
granitic addition has occurred, but at a distance the pegmatitic phase passes
over into a purely metasomatic. G. considers it to be granitic action all the
time, though he distinguishes between infusing of crystals from a granite
(trondhjemite), and granitic solutions which cannot carry any ALO;. In this
region all observations point to an addition of solutions with alkali-aluminium-
silicates in excess, with different concentrations of material. In the outer zones
it would be conceivable to suspect a diffuse addition of Na-silicate, producing
plagioclase, but observations point to originally clastic, feldspar-rich rocks
which furthermore are common also among the less metamorphic schists to
the west. It is difficult to distinguish between magmatic crystallizing injec-
tions and solutions. It israther the same kind of solutions which have permeated
the rocks more or less, and in different concentrations. The mica-schists were
very rich in quartz, and as the injected rocks have not been further enriched
in quartz, it is possible that silica (and also some potassium) has migrated
further away and is responsible for the common quartz-banding of some schists
and slates to the west of this region.

Some injected schists have a small percentage of cyanite and sillimanite
which should not be stable in these rocks. The cyanite might be a regional-meta-
morphic product that becomes unstable at the further injection metamorphism
and is converted into sillimanite which later is transformed into micas. Know-
ing the enrichment in AlLO, that often occurs together with the injection-
metamorphism, as e. g. increased formation of micas, tourmaline, garnet etc.,
it is conceivable to suspect an addition of Al in this case too (or a removal of
alkalies producing an excess of AlLOy).

Sederholm’s description of the migmatitization of older rocks by the Hangé-
granite in Finland shows many similarities and offers comparison with the
Muruhatten region. The Hangé-granite is often intruded as lit-par-lit injec-
tions, as intrusive breccias, and as pegmatitic or aplitic veins and dykes. The
earlier rocks of the region were mostly leptites (here generally greyish, bedded,
feldspar-rich rocks) which have been mixed up with material from the granite
that in large quantities »permeated the schists so as to form a composite rock.
But also those portions which are now so rich in feldspar that the composition
is nearly that of a granite, still retain a schistose texture. The darker parts of
the leptite sometimes form fragments surrounded by more granitic portions,
and their forms, sometimes showing ragged outlines, give the impression that
the schistose rocks have been torn in pieces. At other places a better preserved
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schist and a granite alternate lit-par-lit. These intimately connected migmatitic
masses have later been penetrated by better separated veins of red aplite and
pegmatite, belonging to the same granite, which have afterwards been folded,
often in the extremest degree.' The folding has evidently occurred before the
final consolidation of the granitic magma, as earlier folded veins are intersected
by quite straight ones. Migmatites composed of leptitic rocks mixed up with
veins of Hangd-granite are here also rich in almandite garnet which Sederholm
considers to be formed by autometamorphic changes due to the influence of
mineralizers emanated from the magma.

The intrusion of the Hangd-granites and the migmatization of that region
evidently corresponds to a deeper cut of that area as compared with Muruhat-
ten. The stress is far less in the Finnish area and the intrusions are more mag-
matic with almost »stoping» character, and with brecciations by the potassic
granite; but transitions to metasomatic changes occur, and some of Seder-
holm’s nebulitic remains are partly assimilated (and reacted) eruptive breccias,
some are metasomatic alterations. The intrusions are partly syn-tectonic and
partly late- to almost post-tectonic in both areas. Sederholm’s ptygmatic
folding with later intersecting veins corresponds to the crumpling of the injected
mica-schists with later cutting, pegmatitic veins of the Muruhatten region.

N. H. Magnusson (17) who has recently described the pegmatitization of the
Kantorp district, shows, with several rock analyses, that the pegmatitization
has been accompanied by an excess of Al,O,. Typical Al minerals as cordierite,
andalusite, sillimanite, have been formed besides garnet and micas. Magnusson

‘ considers that the excess of Al has been formed by removal of lime and probably
silica and alkalies. He partly regards Al as supplied in excess together with
iron, magnesium, and water, by the solutions. The Kantorp region now repre-
sents a precipitation-front of aluminium, iron, and magnesium-rich material,
while probably silica, alkalies, and lime, have been removed to other areas. He
thinks that the pegmatitization to a large scale is a sweating out of the earlier
leptitic and granitic rocks during the metamorphism, almost in situ.

On account of many new descriptions of granites and gneisses as granitized
or »activated» sediments with addition by diffusion or injection more or less
in sitw (e. g. by G. H. Anderson, Ebert, Quirke and Collins) that question will
be briefly discussed for this region. To explain the intermediate granites and
potassic pegmatites as activated mica-schists this requires an addition of almost
exclusively K,O and some AlLOj, but scarcely any SiO, or Na,O. This might
possibly explain the alkali-intermediate granites, but not the sodic dominant
types. The potassium extreme pegmatites could hardly be considered as orig-
inated out of the plagioclase-rich mica-schists of this region, but must be
supplied from outside sources. To explain the trondhjemite granites these
should be regenerated out of the plagioclase-rich mica-schists if not differentiated
out of the potassic granites. If they were fused or sweated out of the mica-

1 Cited after SEDERHOLM (20).
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schist it would be difficult to explain their appearance as distinct bodies and
their abundance of plagioclase as compared with the quartz content, as there
do not seem to be any quartz-rich bodies formed at the same time. If the
trondhjemites were formed out of the potassic granites through reaction, they
should naturally not be earlier formed which they evidently are. The alkali-
intermediate rocks might be conceived as originated out of the plagioclase-rich
mica-schist by addition of potassic material or out of the potassic granites by
reaction with basic rocks; but their intimate connection with more sodic and
more potassic rocks clearly favours an intrusion of a differentiated suite, which
is also shown by the degree of metamorphism, starting with sodium dominant
types and terminating with potassium extreme pegmatites (which sometimes
also dissect the other types).

As to the origin of the magmatic solutions or »ichor» producing the injection
metamorphism and granitic rocks of this part of the Caledonian range reference
is made to the excellent discussions of Eskola (10), on the origin of granitic
magmas.

A Niggli-variation diagram of the analysed rocks gives very uneven curves
thus further illustrating the heterogenous origin of the rocks.

IV. Comparison with the Borka region of Southern
Lappland.

In a district more than 100 km NNE of the Muruhatten region in about the
same tectonic position, at the village and the lake of Borka in Southern Lapp-
land, N of the Marsfjill mountains, the author has made a survey of the rocks
and the increasing metamorphism from the phyllites W of Borka to the in-
jection-gneisses at the middle part of Lake Borka. In an earlier geologic
survey of this region the present writer had recognized that it was here possible
to get a profile all through pelitic sediments which for a comparable study
of the metamorphism and the successive alteration towards the east should be
very favourable. Two detail sections have thus been surveyed from the village
of Borka toward the east, one on the northern side of the lake, the other on
the southern, to the eastern part of the lake.

On the western side of the village of Borka there are phyllites and quartz-
phyllites with some porphyroblasts of biotite (a formation of biotite porphyro-
blasts is still visible about 5 km to the west of Borka), which at Borka are
changed into biotite-phyllites with consecutive transition into mica-schists.
500 m to the east of Borka these pass over into garnet-micaschists with a pro-
minent development of garnet. Subsequently veins and lenses of feldspar
material appear, at first more diffuse and solitary veins, but already 1/, km
east or southeast of Borka quite visible. Toward the east injected veins in-
crease in number and size. At the middle part of the Borka lake there are
gneissic injection rocks with successively more homogeneous appearance, but
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still to a great part of sedimentary origin. Purely igneous gneisses are thus
not met with here, though the added material can dominate. Toward the east
amphibolitic rocks preponderate and seem to limit the injected zone east-
wards. In this innermost, eastern part of the injection-gneisses even the
amphibolites have been noticeably affected by the injection processes, while
several layers of amphibolite at the northwestern part of Lake Borka are
not perceivably changed.

The transition from phyllite in the west, to biotite-phyllites, mica-schists,
injected schists, injection-gneisses, and homogeneous gneiss-like rocks in the
east, is quite continuous even with a consecutive growth in the size of the
minerals. The dip and strike of the rocks are rather constant, generally with a
N.N.E. strike and a medium dip toward the W. N. W. No marked overthrusts
or greater displacements have been observed, but the whole complex shows
differential movements (shown by the development of the micas, the banding
and parallell orientation of the minerals etc.), increasing toward the east
with the appearance of strongly banded gneisses and partly crushing of the
rocks. The strong and oriented tectonic movements of this region are con-
spicuously noticeable on comparing the Borka gneisses with the correspon-
ding rocks of the Muruhatten region which are far less tectonized.

The first appearance of the injections in the mica-schists is indistinct, as
faint, diffuse veins. They will then become quite distinct, though more general
is the appearance of »augen» of a reddish potassic feldspar (microcline or micro-
cline perthite), similar to those seen in the photos, figs. 17 and 18. These »augen»
may be distinguished from the smaller, whiter and evenly distributed primary
raugen» of plagioclase of the mica-schists. There are generally solitary »augen»
or swarms of »augen» of microcline, and also single veins of chiefly feldspar.
Toward the central parts of the injection zone streaks and stretched »augen»
of chiefly feldspar material increase in number, cf. photos, figs. 19—23. The
difference between the chiefly sedimentary and chiefly intrusive origin of the
bands is still visible, though there are also more homogenous types than those
photographed.

A series of rock types calculated by volumetric analyses has been put to-
gether in a table (pp. 42 and 43), starting with the rocks from the western
parts followed by consecutively more easterly rocks. The homogenous, fine-
grained rocks are generally represented by one slide, the coarse-grained,
inhomogenous rocks by two or three.

The phyllitic rocks of Borka, and N. W. of it, are curly, finely folded, very
fine-grained slates, chiefly of a quartz-phyllitic to phyllitic character with
quite subordinate layers of dark, graphite-bearing phyllites. They are some-
times differentiated into partly chlorite-rich layers, and partly sericite- and
quartz-rich layers. A certain banding is often perceived in the thin sections
developed by different grain size of the quartz stripes. The biotites are gener-
ally somewhat porphyritic, of a larger grain size than the chlorites. Contrary
to what is the case in Muruhatten region there is hardly any retrograde
metamorphism, because of which the increasing percentage of biotite toward
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Fig. 17. Injected mica-schist with augen and schlieren of potassic feldspar. 2/, nat. size. W. of
Lake Borka.

Fig. 18, Gneissic, injected mica-schist with augen of microcline (and a quartz vein). !/, nat. size
W. of Lake Borka.
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the east, is more noticeable chieflv at the expense of chlorite. The transition
from biotite-porphyroblastic phyllite to biotite-phyllite is indistinct in the field,
because the rocks have the same texture and about the same grain size. The
development of larger porphyroblasts, however, is soon distinct, and the rocks
become more like mica-schists. Microscopically this is also noticed by the

formation of small garnets. In this
region we have the normal gradient
of metamorphism with a first appea-
rance of biotite and then of garnet.
In some other districts (e. g. to the
west of Muruhatten) it has been
noticed that the garnet appears
before the biotite. This depends
chiefly on the fact that the biotite
has been chloritized. Phyllitic rocks
with porphyroblasts of chlorite are
often observed in that case. The
garnet has been much more resistant
against the agencies of retrograde
metamorphism.

In some other parts of the same
transitionary zone from the »koli»
slates to the metamorphic »seve»
schists, there are calcareous phyllites
present, which are more sensitive to
the metamorphism, and they have
been more re-crystallized than the
pelitic phyllites of the same area.
Contrary to this the carbonaceous
or graphite-bearing phyllites are
distinctly more resistant against re-
crystallization, and they may still
look quite phyllite-like within the
zone of the garnet mica-schists.

The transition from mica-schist to
garnet-mica-schist is characterized by
consecutive increasing size of the
garnets, a porphyroblastic appearance
of the muscovite (often intergrown
with biotite), and soon also by a
porphyroblastic appearance of pla-
gioclase. The composition of the
plagioclase varies between albite or
albite-oligoclase and basic oligoclase,
though it is on the average about An,,.

Fig. 1g. Injected mica-schist with schlieren of
potassic feldspar. About 1/, nat. size. N. of
Lake Borka.

Fig. 20. Injection-gneiss. N. of Lake Borka.
1/; nat. size.
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Rock types of the Borka region tabulated according to volumetric
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In the phyllitic rocks the plagioclase is difficult to distinguish from the
quartz, but by the increasing metamorphism the plagioclase grains will be
larger than the quartz ones, and they also get a more distinct twinning than
those of a lesser grade of metamorphism. — The size of the plagioclase does
not increase so fast as that of the garnet which is also more poikiloblastic.
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The increasing grade of metamorphism will now be characterized by the
injection of veins, or a formation of augen, of potassic feldspar. It is a micro-
cline which often is finely perthitic. It has an uneven and varying appearance,
often in streaks forming a kind of matrix around the other minerals or growing
into porphyroblasts enclosing other minerals, especially quartz and plagioclase.
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These minerals often show rounded grains, resorbed by the later crystallized
microcline. The plagioclase, contrary to the potassic feldspar, generally forms
evenly distributed minerals which make an impression of being primary com-
ponents of the sedimentary rocks. Some show an antiperthitic growth and they

Fig. 21. Injection-gneiss. N. of Lake Borka. !/, nat. size.

have probably originated through recrystallization with an addition of potas-
sium. The particularly plagioclase-rich rocks probably correspond to a greater
primary content of the plagioclase molecule in the sediments. In any case
these feldspars were present in the rock before the introduction of the potassic
feldspar.

An examination of the mineral composition of the rock series shows that an
addition not only of potassium has occurred, but also of some aluminium,
probably in the same proportion to the potassium as in the feldspar. In the

Fig. 22. Injection-gneiss. N. of Lake Borka. About !/; nat. size.
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outer metamorphic zone, where at first only biotite, but later also some musco-
vite has been formed, there has probably been an introduction of chiefly K,O.
The outermost zone with biotite porphyroblasts has probably got its biotite
content by the crystallization of biotite out of sericite and chlorite through
thermal metamorphism without addition of material from outside sources.
A study of the mineral table will also indicate that any marked addition of
silica at the injection metamorphism is out of question, and that the content
of quartz of the rocks has decreased. As veins and dikes of quartz in some places

Fig. 23. Banded injection-gneiss. N. of Lake Borka. */; nat. size.

are rather common in the outer zone, mica-schists and phyllites, it may be
that some silica has been precipitated in a zone outside of the chief injection
zone.

The table shows that the content of apatite is rather constant in all the rocks,
so it can hardly be regarded as introduced by the injections in this area, as
has been described from other injection rocks. The zircon might, however,
be regarded as chiefly introduced just as the sulphides (mostly pyrite and pyr-
rhotite). — The content of biotite is rather constant in the rocks. As to its grain
size it does not belong to the larger or porphyroblastic minerals of the inner
metamorphism zone. There is no great difference in colour between the biotite
of the different zones. In the less metamorphic rocks it is generally greenish
brown and in the injection-gneisses brown to reddish brown. Calcite only
occurs in the least metamorphic zones, and it is chiefly replaced by epidote
in the higher ones (clinozoisite to pistasite, often with a core of orthite).

The formation of myrmekite is not so abundant in the injection rocks of this
region as in the Muruhatten area, partly depending on the lower plagioclase
percentage of the rocks, but chiefly on the smaller occurrence of reactions in the
lower temperature stages, which are characteristic for the Muruhatten region.
The formation of myrmekite in the rocks of Borka is partly of the common,
sponge-like plagioclase intergrowth at the borders of the larger microclines,
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partly it is a growth of vermicular quartz by the formation of mica at the ex-
pense of the microcline. Vermicular-like potassic feldspar penetrating the
plagioclase has also been noticed.

Cyanite is only met with in the strongest injected gneissic rocks as porphyritic
grains of the size of the garnet. It is generally somewhat transformed into mica
as it is evidently an unstable product, which by reaction with microcline is
converted into mica. Only in one case a slight transformation of cyanite into
sillimanite as a predecesser to the transformation into mica has been observed.

The last rocks ot the table consist of homogenous rocks of the innermost
injected zone. The garnet- and cyanite-rich gneiss is a quite uniform rock,
chiefly composed of garnet, microcline, and cyanite. There has evidently
been a strong addition of K,O and ALO, when the primary content of
quartz of the originally sedimentary rock has been made use of for the forma-
tion of the new minerals. These injection rocks are close to the amphibolites
in the east, and reactions with these rocks have favoured the production of
garnet, and partly also biotite at the expense of muscovite. As has been em-
phasized in the description of the Muruhatten region the content of garnet is
always especially prominent in the injected rocks in contact with basic rocks
(as also the formation of biotite out of muscovite). The amphibolites themselves
have also been affected by the injections which will be shortly dealt with
later on.

In the Borka region the stress is quite dominating, contrary to the condi-
tions in the Muruhatten region, and strongly parallel-oriented rocks are thus
predominant. There are not any large bodies of purely magmatic gneisses,
but rather microcline infiltrated mica-schists which by the introduction
of much K,0O have acquired a granite-like composition. The schists most
enriched in microcline have got a lower content of silica than the less injected
mica-schists, as they have primarily been rather quartz-rich phyllites. The
content of SiO, of the rocks is thus decreased by the injections, chiefly supplying
K,0 and Al,O;. The resulting rocks are, nevertheless, often richer in quartz
than regular granites because of the great part of formerly pelitic to semipelitic
material of the bulk composition of the rocks. Original plagioclase has often
been greatly sericitized by the excess of Al,O at the introduction of potassium.
Muscovite has also been formed in some rocks.

The content of garnet is relatively constant, with the exception of injected
rocks close to amphibolites where the content of garnet may be rather high.

Cyanite is often found in the injection-gneisses, but not in the mica-schists
which shows that this mineral is localized to the injected zone. It is thus a
mineral formed by the combined action of stress and metasomatism. The
cyanite is, however, an unstable product, and it may partly be transformed
into mica by reaction with feldspar in the later stage of the injection-meta-
morphism. That we have not got sillimanite here instead of cyanite, as in the
Muruhatten region, depends on the greater stress prevailing (stronger isoclinal
folding and greater schistosity of the rocks) as compared with the more uniform
pressure conditions of the Frostviken area. Where the stress prevails the for-
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mation of cyanite is favoured, but when the conditions are changed sillimanite
may be formed out of the cyanite. In complete reactions both minerals are
transformed into mica.

Compared with the Muruhatten region Borka is characterized by the injec-
tions of predominatingly potassic feldspar often forming porphyroblasts of
microcline enveloping and resorbing older minerals. In the Borka region the
primary sediments have been of a common pelitic character, while the former
sediments at Muruhatten were psephitic rocks rich in plagioclase. The formation
of the injection rocks of Borka is a soaking through of the rocks by metasomatic
solutions without any appearance of regular intrusive rocks. In the outer
zone some bed-like dikes of aplitic character are observed, but even those rocks
have a heterogeneous composition and might be syntectic rocks.

The potassium-dominating injected rocks have only been found in this
anticlinal zone of Borka or its continuation toward the S.S.W. or N.N.E. and
not within the areas west of it. In the Borka region there have not been obser-
ved any pegmatitic or granitic bodies (as at-Muruhatten) with transitions
toward the trondhjemitic types of the same character as those (soda-rich)
intrusives which are so common within the westerly phyllitic regions.

The successively increasing metamorphism from the west toward the in-
jection zone east of Borka makes it probable that also the formation of biotite
porphyroblasts in the youngest (silurian) phyllites W. of Borka depends
on the thermal metamorphism issued from the injection zone, as the appearance
of the porphyroblasts is quite conformable to the injection zone toward the N.N.E.
and S.S.W. This makes it probable that the formation of the injection-gneisses
is of Caledonian or late Caledonian age. Consequently also the injection rocks
of the Muruhatten region ought to be of the same age.

Judging from the appearance of the injections of the Borka region, it may
be conceived that the feldspathization of the rocks may have been developed
by a sweating out of the rocks themselves in the innermost zone at a strong
upward folding and thrusting of the complex with a simultaneous hightening
of the geotherms, resulting in an upward squeezing of the dissolved substances
(potassium being the most important component). The strong enrichment in
K,O in the present section of the crust shows, however, that we here chiefly
have a precipitation of the substances, so that the main dissolution front may
be searched below the present surface.

Within the Muruhatten region somewhat different conditions prevail. We
have a more level development of the folding with a present erosion surface
near the top of the injection complex. The injection-gneisses show a closer
association with the granites, aplites, and pegmatites of that region. The
trondhjemitic types might have been conceived as originated through anatexis
of the plagioclase-rich sediments here present. Trondhjemitic rock types (in-
cluding porphyries) are, however, common intrusives within the whole district,
even far west of the Muruhatten region, and also west of the Borka region in
Lappland. They also show consanguinity to more basic rocks, as has been
pointed out by A. Hégbom (14). The transitionary phases between the different
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rock types rather point to a differentiation suite gabbro-trondhjemite*-potassic
granite, intruded in this order analogous with the conditions described by
Goldschmidt (12). The injection zone may be the hearth of the intrusions of
the later Caledonian epoch corresponding to the culmination of the folding
with an elevation of the magma-front, in the Muruhatten area reaching earlier
intrusion-suites of the epoch.

V. Reactions with basic rocks.

a. Reactions with peridotites.

As a detailed description of the metamorphism of the ultra-basic rocks of
this region together with detail maps and sections is given in the earlier publi-
cation it will only be summarized and briefly discussed here.

The peridotites have originally been dunitic rocks with olivine as the only
primary mineral observed, with the exception of a small percentage of (slightly
chromiferous) magnetite. The olivine of the Muruhatten peridotites was of an
intermediate composition with about 12—15 mol.%, of fayalite, while the usual
fayalitic percentage otherwise is about 8 mol.%,. The peridotites occur as flat
or lenticular bodies molded by folding with outcrops varying in length between
a few meters to about 1 km.

The ultra-basic rocks are now greatly hydrothermally altered due to the peg-
matitization of this region. The metamorphism has started with a formation
of tremolite or actinolite at the borders of the bodies, generally showing a close
connection with the intrusion of the pegmatites, and it is especially prominent
at the contacts with amphibolites. The lime for the formation of the tremolite
is thus partly derived from the amphibolites, and to a smaller degree from the
acid intrusive rocks which have been decalcified as well as desilificated.
A slight serpentinization in the form of chrysotile serpentine has occurred
before the formation of tremolite, and it is hard to tell if it was the first phase
of the same epoch of metamorphism, or if it was earlier formed.

The main serpentinization followed after the development of the amphibole,
and it is also closely associated with the pegmatitization, starting from the
outside with the strongest serpentinization at the walls and the roof of the
bodies, and small lenses of ultrabasic rocks are often completely serpentinized.
As the uppermost part of the peridotite often is more altered than the side walls,
a greater transformation here might be confused with an alteration starting
from the inside of the ultra-basic rocks. In such cases a detailed examination
shows that it is the upper contact of the peridotite that is strongly transformed,
and more dissected parts of the roof of the body show a slighter transformation.

Associated with the antigorite is often some chlorite which may be somewhat
earlier formed. It is generally a penninite in the interior of the peridotite and a
chlinochlore at the border. Often an intergrowth occurs between penninite

Here are also included rocks with rather sodic plagioclases (oligoclase-albites).
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and an antigorite-chlorite. The chlorite is chiefly associated with the wall rock,
generally secondary after biotite or amphibole, but it is also a direct reactionary
product.

The talc has been formed slightly later, and it is secondary to tremolite, ser-
pentine, or olivine.

The last stage of the hydrothermal alteration is represented by the formation
of carbonates (breunnerite or ankerite).

The border of the peridotite towards the surrounding rocks is generally
enriched in talc and actinolite, particularly close to amphibolitic rocks. The
contact surfaces of the ultra-basic are thus often transformed into soapstone or
steatite composed mainly of talc with varying quantities of actinolite, chlorite,
serpentine and — in certain parts — carbonate, breunnerite or ankerite. The
soapstone mainly consists of two components: either chlorite and talc, or actinol-
ite and talc. Breunnerite-bearing rocks may occur at the uppermost contact
of the peridotite.

The wall rock of the soapstone is usually a chlorite rock, which is a complete
chloritization of an amphibolite, or a mica-schist which partly may be a
reactionary product. Chlorite schist is widely distributed along the contacts of
the ultra-basic of Muruhatten, and may cover a wider zone than the soapstone.
It is frequently a rather pure chlorite rock, with magnetite crystals as an
accessory mineral. A chlorite rock with large garnets may also be typical.
A vermiculite schist appears as a transition to the mica-schist.

Part of the chlorite rock is usually developed as an actinolite-chlorite schist,
with long prisms of actinolite, sometimes several cm in length. Chlorite rock
with anthophyllite and actinolite is also met with. Toward the soapstone, the
chlorite-amphibole (biotite) schist passes into a talc-actinolite rock. Towards
an amphibolite remnants of zoisite and ilmenite may be detected.

The following rock sequence can be given as a typical instance of a more
complete type of transition: Dunite, serpentine-olivine-actinolite rock, talc-
and actinolite-bearing serpentine, talc-actinolite rock, talc-chlorite rock,
chlorite-actinolite rock, chlorite-anthophyllite-actinolite rock, chlorite rock,
amphibolite or vermiculitic mica-schist.

The alteration products are better developed between the peridotite and the
amphibolite than between the former and the mica-schist. The best developed
soapstone deposits are localized to the appearance of pegmatites, aplites and
tourmaline rocks. Where these rocks are best developed, the soapstone zones
are the widest.

Migmatitic rocks occur which may be composed of four components viz.
amphibolite, a little mica-schist, and pegmatite injections, all permeated by
pneumatolytic solutions, with abundant precipitation of tourmaline. Biotite
or chlorite is generally concentrated at the margin of the amphibolite towards
the peridotite.

The rock analyses show that the addition of alumina by the pneumatolytic
solutions has been considerable. Furthermore boron and water have been
added. All the pneumatolytic injections observed are thus characterized by

4—382259. S. G. U., Ser. C, N:o 416. Du Riets.
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tourmaline, denoting solutions rich in boron. The chemical analyses of the
rocks and the minerals show that lithium and fluorine were absent. The almost
constant occurrence of some pyrrhotite, pyrite, or chalcopyrite indicates that
sulphur has been introduced by the hydrothermal solutions.

The excess of alumina and deficiency of alkalies in the rocks may be a result
of hydrolysis of the alkali-aluminium silicates in the pneumatolytic stage, the
alkalies being removed.

Between the peridotite and the amphibolite the following zonal arrangement
of reaction rocks is typical:

Serpentinized peridotite,

Actinolite- and talc-bearing serpentine,

Talc-schist with some actinolite and a little chlorite,

Talc-chlorite rock,

Chlorite rock,

Partly chloritized amphibolite,

Amphibolite.

The amphibolite and the chlorite rock often contain large tourmaline prisms.
The tourmaline content of the amphibolite is considerable close to the injected
pegmatites, concentrated at the margin of the amphibolite which is often de-
veloped as a biotite-tourmaline rock. The biotite, however, is generally chlor-
itized in the tourmaline-bearing rocks, or is otherwise often developed as a ver-
miculite. The biotite is not stable at as low a temperature as the tourmaline.
In some cases chlorite may have been developed directly as a reaction of
amphibolite and peridotite on the appearance of the injections.

Direct transformation of greenish hornblende into actinolite has not been
observed. Actinolite is thus found in the entirely chloritized rocks close to
the peridotite, and seems to indicate migration of lime (or limesilicate) at the
beginning of the chloritization of the amphibolite. At the transformation of the
tourmaline-amphibolite, the order of the chloritization of the minerals is the
following: hornblende — tourmaline — zoisite. Of the accessory minerals,
garnet is observed in almost completely chloritized rocks.

The formation of actinolite or tremolite at the peridotite border might be
ascribed to addition of lime and silica from the pneumatolytic injections, as the
injected pegmatites are of a trondhjemitic character. The anorthite percentage
of the plagioclases is, however, not high, and the development of actinolites
at and in the peridotites is considerable as compared with the injected pegma-
tites. The main reason why the amphibolites are considered to have supplied
most of the lime for the development of actinolite is the common presence of
actinolite in peridotites when the latter is bordered by amphibolitic rocks.
When amphibolites do not occur at the peridotite border, the formation of
pale amphibole is less conspicuous.

Anthophyllite is not as common in the chlorite rock as actinolite. As to the
occurrence of anthophyllite, it is evident that this is formed when mica-schists
have also taken part in the reactions developing the chlorite rock. The antho-
phyllite was probably developed in an original biotite-schist.
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The appearance of cummingtonite as a silicification product of olivine was
looked for, but was never observed. Tremolite or actinolite is invariably formed.

The iron content of this amphibole primarily depends on the fayalite pro-
portion of the original olivine of the peridotite. To a smaller degree it also
depends on whether it was formed in the peridotite or in the chlorite rock
outside the peridotite. In the latter case it is slightly richer in iron. No
transformation of actinolite into tremolite as a more stable component at lower
temperatures was observed.

The pure chlorite rock marks the border of the country-rock against the peri-
dotite. Hydrothermal solutions have had easier access here, and the transfor-
mations were thus complete. If we compare the analysis of the chlorite rock
from Muruhatten with that of the amphibolitic rocks,? it is conceivable that
it is not a direct alteration product of the amphibolite, but rather a reaction
product of the amphibolite with the peridotite under the influence of hydro-
thermal solutions. All the lime liberated has probably gone to the formation
of actinolite in the peridotite. The mineral of the chlorite rock is clinochlorite,
marking a higher alumina content than in the chlorite formed in the peridotite,
which is generally a penninite, while the chlorite of the amphibolites is clino-
chlorite-prochlorite.

The alkalies were removed during the gradual transformation of amphibolite
towards chlorite rock, but the lime, together with silica from the hydrothermal
solution, migrated towards the ultra-basic and formed actinolite. This mineral
is more abundant at the peridotite border than farther in. — Chloritization is
intimately associated with the formation of actinolite in the ultrabasic, though
continuing later. The chlorite is often more widely dispersed in the peridotite
than the amphibole, but there is generally less of it. The slight chloritization
of the olivine was directly succeded by serpentinization as the alumina content
of the solutions was reduced. Serpentinization of the peridotite is generally
more conspicuous than chloritization.

As the temperature fell still more, talc began to form, especially at the
peridotite border, primarily by transformation of serpentine and olivine. At
the original margin of the ultrabasic, even the actinolite was altered. As the
transformation is very strong at the marginal part of the peridotite in contact
with the chlorite rock, a pure talc-schist has often developed. In most cases it
contains some chlorite, as this is not easily transformed into talc. Remnants
of fibrous actinolite occur in the talc-rock forming actinolite-talc schists.

Talc decreases rapidly in quantity towards the center of the peridotite, where
it is generally absent except for small solitary veins here and there.

In the Muruhatten region carbonatization (or addition of CO,) evidently
did not cause the formation of either serpentine or talc from the peridotite,
but magnesia or lime-magnesia carbonate developed independently, though
often in association with the formation of talc.

The addition of silica from the solutions, for the silicification of olivine and
serpentine, must have been considerable. The quantity must have been several

! Cf. 6 pp. 188 and 180, 186.
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times larger than that contained in the pegmatites observed at the contact of
the peridotite. It was, however, not sufficient for the transformations that have
occurred, as the injection gneisses and injected amphibolites are rather desili-
cated. The transformations might thus have been more extensive, if the injec-
tions had been greater.

At the contact of the peridotite with mica-schists the transformations are less
conspicuous, and soapstones are often scarcely developed at all. Even the wall-
rock mica-schist is less chloritized, generally showing remnants of biotite with
the chlorite. It may be partly developed as a vermiculite-schist, with large
garnet dodecaedrons.

By pegmatitization close to the border of the peridotites and the mica-schists
a contact rock rich in biotite, and often also rich in almandite garnet, is pro-
duced. By reaction between the excess of MgO of the ultra-basic and the content
of K,O of the pegmatitic-hydrothermal solutions a light-coloured biotite is
formed, of a greater size than that of the original mica-schists. The garnet seems
to be formed slightly later, probably as an intermediate stage before the chlor-
itization of the biotite (with removal of the alkalies). By this mineral formation
it is evident that Al,O, (in excess) migrates together with K,O to the peridotite
contacts. Some CaO from the pegmatitic solutions (+ SiO,) migrates somewhat
further to and into the peridotite, forming tremolite (or actinolite) by reaction
with the olivine. The plagioclase of the pegmatites is altered to about Any,
instead of the usual Ang (cf. the analysis of the contaminated pegmatite on
p. 18). The pegmatite has been freed of most of its quartz and all potassic
feldspar and it is generally a rock almost only consisting of acid plagioclase,
with increasing biotite towards the peridotite, with more or less tourmaline and
garnet as large crystals.

The reaction processes are much more pronounced when amphibolitic rocks
also take part in the reaction, facilitating the production of pale amphibole and
probably of biotite and garnet, due to the high content of CaO and also of ALO,
and basic oxides. Tremolite is evidently very easily formed out of olivine by the
addition of lime. The other reactions are thus facilitated by the earlier penetra-
tions of the amphibole crystals. The wall rocks of the peridotite borders give
an easy access to the later (magmatic) hydrothermal solutions on account of
which the formation of chlorite and talc is enhanced.

b. Reactions with amphibolites.
I. Muruhatten area.

The amphibolites of the Muruhatten region are generally schistose to fibrous
rocks interlaminated with mica-schists. They may chiefly have been sill-like
intrusions or extrusive lavas, quite transformed before the intrusion of the
granitic rocks of the region. Some occurrences of gabbroic amphibolites also
occur. These are less metamorphosed both structurally and chemically, and
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are probably younger than the schistose amphibolites, though they are older
than the granites.

The amphibolitic schists are rather monotonous in their composition, chiefly

consisting of a green hornblende,! rather acid plagioclase, epidote, and titanite
or rutile, with or without quartz. In order to show the usual type, and for the

Fig. 24. Texture of pegmatitized, re-crystallized amphibolite.

convenience of comparisons later on, a composition of a common rock type has
been calculated with the aid of volumetric analyses (two slices).

Table 42. Schistose amphibolite, W. of Muruhatten. Calculated.

ST PRI AN ! Mineral composition, weight percentage:
TiO, 1.6 Green hornhblende . . . . ... . . 6388
ARG & LR R Plagioclase (Ang) < i s 8n v - 19.9
Fe O . ’ 2.8 : 0 F T T S MR e 8.5
FeO(MnO) . X Bitamibal il e ol LA e vy 2.6
MgO . 9.8 Tron OxIdes & v o e e 0.2
Cal: 12 100.0
Na,O0 . 2.8
K,0 0.6
H,0 3.3
100.0 %

Many amphibolites have, however, a slight percentage of quartz.
The plagioclase of these rocks have a relatively sodic composition evidently
depending on the breaking down of an intermediate plagioclase with the for-

1 The composition and optics of the hornblendes are discussed in a later chapter, p. 68.
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mation of secondary epidote. The plagioclase is generally an oligoclase mostly
with a composition between An,, and An,,. Abg,An,, seems to be the general
limit of the breaking down of an originally more basic plagioclase, excepting
when a marked influence of acid intrusions has occurred.

The epidote shows variations between clinozoisite and pistacite.

The injection of granitic rocks (aplites, pegmatites) in or close to the amphi-
bolites has a marked influence on the structure and composition of the rocks.
These amphibolites are completely recrystallized with less pronounced schist-
osity and often with a random orientation of the minerals. Figs. 24 and 25 shows

Fig. 25. Texture of pegmatitized, re-crystallized amphibolite.

the texture of two migmatitic amphibolites. The hornblende crystals are
strongly poikiloblastic with a random orientation, often similar to the appear-
ance of the amphiboles of the garbenschiefers. Compared with the gabbroic
amphibolites the hornblende may be of a slightly paler variety.

The mineral composition of the rocks is altered by interaction with and addi-
tion from the granitic injections. A prominent content of biotite is always pres-
ent (if not chloritized) and also some garnet. The percentage of plagioclase
and quartz is increased, just as the amphibole content is reduced. Tourmaline
and some sulphides are generally present, and titanite is replaced by rutile.
The composition of the plagioclase is not much altered, but may be somewhat
uneven. The percentage of epidote is less. It often shows a core of orthite.

The injection of the aplites is mostly followed by a hydrothermal alteration
of the rocks with a production of chlorite, in the first place at the expense of
biotite, then of amphibole and lastly of garnet. The iron and copper sulphides
are generally precipitated at this stage.
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The following table may give an idea of the variation in composition in
different degrees of interaction. The four rocks 43, 44, 45, 46 are taken in
one section, W of Muruhatten, and they are compared with the amphibolite
42 (p. 53) and the aplite 12 (cf. p. 19). The figures are in weight per-
centage.

These rocks show series of transitions from the aplitic injection toward the
purely amphibolitic rocks. The injected aplite is also influenced by interaction
with basic rocks resulting in a greater percentage of biotite, some garnet and
tourmaline, and less of potassic feldspar and muscovite. The contaminated
aplites and the amphibolites are possibly somewhat desilicated by the influence
of the large peridotite body in the neighbourhood.

The biotite of these rocks is rather pale (yellowish to reddish brown).
The secondary chlorite (opt. pos., with greenish colour, slight pleochroism, rather
strong birefringence in anomalous colours) is of a clinochloritic to prochloritic
composition. The tourmaline is of the same character as those described on
p- 8z.

Rock series showing different degrees of interaction. '

12 43 \ 4 | 45 46 42
‘ Amphi-
[ Aplite I : bolite re-
| close to am-|  Aplite Aphtp acted by
Trend- | sinolite | at contact |, SOntaming lit Amphi-
hjemite | P : ted by am- i s
lite |(partly tour-| with am- hibolite (hydrother-|  bolite
55 | maline- | phibolite P teria] | mally re-
} bearing) A 1crystallized)
Ounestz 70 L. s 24% | 14.6 i 3.7 I.8 = —
Plagioclase . . . . o, -3 61.0 64.7 28. 19.
5 e 4y ‘ 5 99
Potassic feldspar . . CE —_ | 0.2 — — —
Muscovite . . . . . Gix > — — — — —
Bioteon . i v 16.0 { 21.0 { 17.8 74 5.4 —_
T Chiante ™ . . - — g2 | 4.7 0.3 4.7 —
Gatnet sl e o .o 2.4 [ 8.9 — - —
Tourmaline . . : . 0.5 | — ! 1.3 — — —_
Hornblende . . . . - g — 23.6 59.3 68.8
Epidote (Orthite) . . - o O.1 - 0.1 8.5
Titenite . - 77+ & — s \‘ = — 0.4 2.6
feBatle v i - 0.3 \ 0.2 = 1.4 =
Sulphides: . . . . 4| O 40 | — — — —_
| Ore minerals . . .| - Ced 15 21 — 0.2
Knatbiel = 0o | o4 o 0.6 0.1 0.2 —
ZATeON s s it ] tr. 1 i tr. tr. — —_

1 All tables in this paper showing volumetric analyses of rocks have figures recalculated
into weight percent.
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A uniformly migmatized amphibolite NE of Muruhatten has been analysed:

Table 47. Migmatitic amphibolite. North-eastern slope of Muruhatten.
Analyst N. SanLBOM.

5105 . . 5687 9,431 Mineral composition Norm Niggli values
¥ b10 SRR/ 1 75 (weight %) s ] 8ol a0
AlO, . . 14.77 1,445 Plagioclase (oli- Qi o2 s T x.3
Fe,Op0 - @ 1.78 109 goclase) .. : 4.0 b st dagn al o Tan
Be@i o o83 1,151 B g SR 22.0 An o 0i 30:3 m o oy
MnO . . o010 14 Hornblende . . 19.0 LSRR CSIEIE o RS
MeO 2 S g 1,391 Biotite' 5000 5 3.9 ZSali | 663 @k s oao
Cal i . 406 724 Garmet, Lo oisn 3.5 BeSiOg . 9.y H B o.10
Na,O's . "3.19 514 Prochlonite'.” ./ . 12.2 MgSiOg . 13.9} ¥ mE . . 0.49
KOs - Csh 59 Tourmaline. . . 0.3 A oim . . 0.2§
Cu oo 78 Epidote-orthite . 0.3 ) SRR
PO . oy 9 Apabite s 2SS 03 AP - s 903
85 s 488 Rutile v oo 0.4 Pr . o2
H,OY. . 2.34 5209 1Ghalcopyrite ... 1.3 X Fem . 30.4

EEJ—.; Pyrchotite .. - 2.8 Tonalase
B0 . 2039 Iron oxide . . . 6.2
—OforS o.39 100.0 %

According to the norm this rock is similar to quartz-gabbros, augite- or mica-
diorites etc., though it is poorer in MgO and has a high content of C, distinguish-
ing the abnormal content of mica, garnet, and tourmaline, due to the meta-
somatic reactions and to the migmatitic origin of the rock.

The feldspar is fresh (neither sericitized nor saussuritized), but much pen-
etrated by laths of amphibole and chlorite. Together with quartz it is often
poikiloblastically enclosed in hornblende, garnet, and tourmaline. According
to universal measurements (_I. PM 81/,°, | n, 2°, 1 n, 78—79°) the composition
corresponds to Ab,,Any, though the rim of the plagioclase may be somewhat
more sodic. This agrees well with the mineral calculation (3 rock slices) of the
analysis which gave a composition of An,,.

The amphibole is a green hornblende with rather strong absorption but weak
pleochroism and a large axial angle (2V = -+ 88°). It has been analysed
and is described further on. The garnet is an almandinite quite similar to one
from a rock close by which had been analysed (referred on p. 79). Other rock
specimens from another part of the same outcrop showed more tourmaline than
the analysed one. The refraction indices and pleochroism colours of the mineral
are almost the same as those of the analysed tourmaline referred on p. 82.

A comparison of this rock analysis with the aplite no. 12, the contaminated
aplitic rock no. 10, and the amphibolite no. 42 is shown below (these rocks are
not from the same section, but they are quite representative for the outcrops
of this part of Muruhatten). The migmatite, 47, is almost intermediate in
composition between the aplite and the non-injected amphibolite. The iron
content is a little high, but this is quite typical for the metasomatically influ-
enced, injected rocks (which almost universally have some enrichment in iron
and copper sulphides also). Some potassium has been removed by the hydro-




THE INJECTION METAMORPHISM OF THE MURUHATTEN REGION. 57

Table 47 a. A comparison of the chemical composition and mineral con-
stitution of common amphibolite (42) with migmatitic amphibolite (47),
contaminated aplite (10), and slightly contaminated trondhjemite aplite (12).

\

! Rock No. ; 12 10 47 42

“ ESRESi — -

| "I‘rondh.jemite—| : : =

| splt,  (Contaminated Migmatle | pmpaihoe

{ contaminated

| |
LB e e R R 67.58 ‘ §9.23 56.87 48.8
80 AT AT B e e IR ] 0.45 ol 0.60 1.6
Algei s =D Sl 66 [ 26:00 14.77 13.2
L0 e S SO S g 0.51 | 1.87 1.74 2.8
Fel o .o S i 2.87 \ 4.64 8.27 7%
2 e T T e S e S = ‘ tr. O.10 —
O BT G e e e 2.09 ‘ 2.58 §.61 9.8
[ 2 R e RO SIS e 2.24 1.79 4.06 12.1
T D SRR B NS et e 4.97 6.73 | 3.19 28
O EE RS S S SR 2.20 2.82 0.56 0.6
i 3 e SO S el R 0.53 ‘ 0.52 0.54 1.2
LG e R SR R e el b 0.04 n. d. 0.13 —
st s e = == 0.50 —
< RS IR e (R R e S S 0.08 e 1.57 —
B,0, < 0.05 = — =
\

Pasre e o e 24.0 6.0 22.0 —
E T s S R e 1 65.0 34.0 | 19.9
Potassic feldspar . . . . . . . .| 0.2 o= = s
Dluscowite o, e sl A 0.5 = = —
Blotithir i s e Lo 16.0 22.0 3% —
Chlerite s s = { e 12.2 =
T e G RN T R e I.o ‘ §.0 3z —_
shonmpighioe 50 o ol 0.5 == 0.3 —
Hbeahlende oo e S - — 19.0 68.8
Sl R e e S SR L — 0.2 0.3 8.5
mnlphgdes e o E L S0 Sl o 0.2 — 4.3 e
e TS BRI R e 1.7 0.2 0.2
Titanite, rutile . e D e 0.2 ‘ —_ 0.4 2.6
APE(ZITcOn) o e 0.4 l o.1 0.3 ! —

thermal alteration of the rock. The lime content and probably also the silica
has been lowered by interaction with the peridotite close by (cf. the discussion
of the metamorphism of the ultra-basic rocks).
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Two similar rock types, earlier analysed, will also be referred. They repre-
sent injected amphibolites in contact with peridotite, and they are more hydro-
thermally altered than the one above.

Table 48. Tourmaline-rich migmatite, Muruhatten.
Analyst N. SarLBOM.

SI0 o R e 6,857 Mineral composition Niggli values
(0 R AR P R ol 202 Plagioclase (Angy g5) . . . . 33.7 si L. .98
ALOS. . oL Ll 2938 2,867« Feanblende i S N o0 L TR ti 2.8
FelOp. .. . i 120 75 doutmaline ol nl gl L 126 al L. oo
FeO s ool st s 726 s T S S S S 7 T O e
MnDC s s 0008 7 Hotite oo is i v aisha hie €5 et ike
;7 £ b S e e 1,679 Gitorate B0 i il ias Tol L g0 SRR (-
& LONERE R RS B S et R T e T S e SR T Ko oner ol oka
WMoV, o o or ninr 323 537 1L T TR M SRR e 3 TOF 2w oL
7 i TEPRS B ReR Sl 1 170 P e R bl S S g A offm . o o3
1% 6 SReRSTRER e Rt e 7 4 - 166 Bk s Y e e OWD HER R
b2 RIS R B < 100.0 %
O oL oo 2ok 1,116
Hickle 0 o i

100.61
5 R SRR R i

The hornblende, tourmaline, garnet, and biotite are quite similar to those of
the migmatite, no. 47. The optic properties of the hornblende are given on p. 69
(no. 69). The plagioclase is unusually basic in this rock. It is very much
intergrown with other minerals.

This migmatite is more pneumatolytically-hydrothermally affected than no.
47, and it is stronger influenced by interaction with peridotite, signified by the
low silica content. The transition toward the peridotite is distinguished by,
at first an increase in chlorite, and then the appearance of actinolite and talc
as the main minerals. One of the injected rocks of this locality, close by the
amphibolitic migmatite, is the analysed one referred as no. To (p. 18).

Table 48 a. Tourmaline-zoisite amphibolite, Muruhatten.
Analyst R. BLix.

Si0p . . .. ... 3564 5910 Mineral composition (weight %) Niggli values
¢ ¥4 MEEININNeRR S SR T 230 sl et gee
ALOL - s e sl 27 Bk 2,721 Zoisite . . 54.0 ti 2.8
RS RN REE AR e 68 Hornblende II.5 al 335
0 SRR e T 1 657  Tourmaline. . 13.1 fo. s 336
Mpl) .. .o ot 0D 14 Chlorite 19.0 c 32
MEO: . i s 8D 1,875 Rutile . . Ik alk s e e
301 3 TP S e S 2,612 Ilmenite . I.1 Kol any
N ot ol 66 Apatite 0.2 T os Ty o 0
B L i e en 08 5 100.0 cifm . . 096
i s g MR SRR T v 178 oo da2s
510 TSR S el 0.06 4

BOr o s v A 2,298

< ¥ 4 AR PR S R - %

I00.00
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As compared with analysis 48, 48a indicates a higher percentage of original
amphibolite, with a greater hydrothermal alteration. The biotite is completely
chloritized and the feldspar quite replaced by zoisite (the content of alkalies
is thus lowered here). The zoisite is a f-zoisite with strong dispersion 0 =i,
birefringence about o.cos with distinctly abnormal colours, grayish blue or
brownish yellow, often with the bluish colour in the central part and the yellow-
ish in the external. The bluish coloured zoisite has axial angles between 2E —
15° and 2E = 36°, and the yellowish between 36° and 52° for white light (a
measurement of 2Vy on one grain gave 14°). Refraction indices were deter-
mined at @ = 1.708 and y about 1.713. According to an analysis by R. Blix
the iron content of the mineral was FeO 1.08 9, and Fe,0; 0.78 %,

The tourmaline is similar to those referred to above (cf. the analysed one,
p- 82). The refraction indices were determined at a = 1.626, y = 1.650. The
hornblende is of the same type as those of the other migmatitic amphibolites.
This one has an extreme axial angle 2Vy = 841/, °. It will be further described
below, p. 69, no. 67.

Toward the peridotite the transition rock is a chloritite composed predo-
minatingly of clinochloritic chlorite, and not quite 1 %, magnetite. The chem-
ical composition of the rock gave the following composition of the chlorite,
with the mol.%, in parentheses: Si0, 30.86 (22.9), AL, O, 18.54 (8.1), FeyO4 1.53
(0.4), FeO(Mn) 6.18 (3.8), MgO 30.20 (33.4), H;O 12.69 (31.4). The refraction
indices were determined as: @ = 1.588, f == I.591, Y = 1.596, ¥ — a = 0.008.
The apparent optic axial angle is 2E = 23° 4 8°, and the interference colours
slightly abnormal greenish gray.

The chlorite of the zoisite-amphibolite is more prochloritic, indicating a
lower content of MgO and a higher of alumina. The axial angle 2E is about 40°.
According to a recalculation from the amphibolite analysis its composition
may be about: SiO, 30, ALO, 211/,, Fe,0, 2, FeO 8%/s, MgO 25, and H,0 13 %,.

All three amphibolite-migmatites are in about the same tectonic position
close to the Jarge Muruhatten peridotite, and they represent amphibolites
invaded by trondhjemite-granitic intrusions. The acid intrusions themselves
are found as lenticular bodies of an aplitic texture. They are more or less con-
taminated by reaction with the amphibolites. They are thus rather rich in
micas, the more reacted ones have biotite as the sole mica, as muscovite is
replaced by biotite at an extended reaction with the femic rocks. The salic
rocks are often surrounded by an aureole enriched in tourmaline, micas, chlo-
rite, and garnet toward the basic rock. Sulphides are mostly precipitated at
about the same time as the formation of chlorite. These minerals have been
formed here because of the excess of the femic elements available for their
crystallization.

Smaller bodies of amphibolite are completely re-crystallized under these
conditions, transformed to migmatitic rocks by the influence of the pneuma-
tolytic-hydrothermal rest-solutions of the salic injections.

The migmatites 47, 48, 48 a are more or less of this type. The quite similar
optic properties (and chemistry) of their minerals indicate that the original
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amphibolites as well as the injected material must have been of quite the same
character, only differing in size and degree of reaction. The composition of the
migmatite no. 48 may have been affected by the presence of some mica-schist
at the upper part of the former amphibolite, separating it from the peridotite.

A similar migmatitized amphibolite at Junsterniset, N. of the Muruhatten
region, has got more addition of aplitic-pegmatitic material, and it is thus more
sdioriter-like in composition, averaging: plagioclase > biotite = quartz >
hornblende > garnet > > apatite = tourmaline > rutile > orthite. The pla-
gioclase is a basic oligoclase, Anyy—An,,, averaging An,,. The hornblende,
garnet (cf. 6, p. 198), and biotite are similar to those of the Muruhatten mig-
matites, and the tourmaline is a little more bluish in pleochroism colours.
The primary amphibolites have been of more insignificant size, and they are
now completely transformed.

2. Lillfjallet.

An occurrence of a schistose, gabbroic amphibolite intruded by a granite
pegmatite has been particularly examined. One part of the outcrops is sketched
in fig. 26. The pegmatite is a homogeneous, potassic-dominant graphic rock,

¥ ik injected.

PESIE Sl T quite]

bearing).

e it Graphic
- pegmatite.

In ecte
schist.

S0 00 90%0

Fig. 26. A sketch of a pegmatite-injected amphibolite. Lillfjillet. Scale of 1 : 100.

a sample of which has been analysed (represented by no. 49). Pegmatite and
schlieren of quartz have been intruded in the schistose and partly banded
amphibolite and its border rock, mica-schist. The outcrops of amphibolite
extend further away on the left hand side of the sketch, though they are less
injected here. The amphibolite in the center of the figure is enveloped by
pegmatite. It has been quite re-crystallized showing a homogeneous rock
outwardly reminding of a diorite, as illustrated by the photo, fig. 27. It is
somewhat schlieric toward the margins with much larger size of the amphiboles
and a greater percentage of quartz. The next outcrop on the left-hand of the

T+ T+ 7% Amphibolite,

Amphibolite,

"+ 7.+7) recrystallized
e (chalcopyrite-
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figure has schlieren of quartz in it, but it is less recrystallized, and it has still
much augite and labradorite which are almost completely transformed in the

Fig. 27. Recrystallized amphibolite. Lillfjallet. /, nat. size.

re-crystallized rock of the central part of the sketched outcrop. A sample of
this homogeneous rock has been analysed.

Table 40. Quartz-epidote amphibolite. Lillijallet.

Analyst N. SAHLBOM.

BiO = . 6ok 11,118 Mineral composition! Norm Niggli values
T v o 52 (weight %) O e Si o iaht
AL, . o 1137 1,112 Charts = e O IO st : ¢ QP 1.3
FeO;. . 4.05 284 - Horomblende ©-. . 15 Abian o163 alizen s ab
Feleiongiga 6o1  Sericitized (and Anoi. 26 {13 G e 7
MnO~ 0.3 18 saussuritized) . >Sal. . 78.3 e e K
. /
MpOi 28 632 plagioclase . 4.5 CaSiOy 2_31 Ak Sty 4
Ca0 . . 6.60 1,177 . Sercite et MESID, . Lo biapk s hi 032
WO o vozg 121 Transformation FeSiO, . 0~5] mgeva 0,16
K,0 0.54 57 products of py- MgSiO; . 4.8\ offmiis, 0.67
P L. 0.9 13 roxene (spinel FeSiO, 2.1 Hy 6.9
R 0.64 199 2.3, epidote 1.7 0t 0.8
€n0 5 7083 104 and  chlorite Mt . 5.9
H,0t 9% 0,50 27 2ot Yo ) 6 Pr I.2
99.93 Epidote 18.9 Ap . 0.4

B0 5 004 Titanite 0.3 3 Fem 19.3

Apatite Pl CuO 0.8

Titanomagnetite. 1.3 H.O 0.5

Chalcopyrite 2.0 % e

100.0 % s

1 According to the slices the content of quartz and plagioclase was slightly less, and the latter
was hard to recognize.
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The amphibole is a strongly greenish blue hornblende, to be described later
(p- 69). The epidote is a pistacite with a birefringence 0.040—0.044, corres-
ponding to about 32 9, iron epidote. Remnants of an earlier augite are found as
greenish spinel-pigmented dots of probably epidote with chlorite and sometimes
some titanite. The chief difference from the gabbroic amphibolite is the great
addition of quartz, the transformation of the plagioclase and pyroxene, in-
creasing the content of epidote and hornblende.

The reaction with the potassic pegmatite is slight as there is only formed a
few percent of sericitic muscovite and no biotite, probably because of the ab-
sence of pneumatolytic solutions accompanying this type of pegmatite injec-
tions. The earlier, alkali-intermediate injections have always a stronger
reactionary effect on surrounding basic rocks, and they are generally tourmaline-
bearing which these potassic injections are not.

Comparison with two quartz-injected but less transformed rocks (50 and 571)
shows following figures:

No. 49 No. 50 No. 51
Cliarke o S . e S 47 % 48 % Loy,
Rlagionlaseslsois L s T e 4.5 10.1 18
Hornblende o0 =1 S e 15 9 4
Dropside-augite .- . L0y — 16.5 8
POV >l L e 20.6 13 7.4
g (7T ST T SRR R (e 0.3 I 1.3
e T TR G e b e G 4.5 - 0.9
RO T i a e 2.0 0.2 0,
Spimel Lo CEoe L s e s n e 2.3 —_ o.1
APatilE e Sl S Sk 0.3 — 0.2
Sulphides & magnetite . . . . . 25 2.2 4.2

The plagioclase of these rocks is a labradorite (An;e—An,,), and the pyroxene
an ordinary diopside-augite (2Vy = 59° c:y = 44°).

The original non-injected rock has probably been a gabbro or quartz-gabbro.
An estimation of the mineral composition of this rock gives following figures
(no. 52): quartz 5.2 (weight 9;), labradorite 45, augite 30.3, hornblende 15,
titanite 2, magnetite 1.9, apatite 0.4 9%. The composition of the hornblende?
is according to the optic data about: SiO, 43, TiO, 1, ALO; 12.5, Fe,0, 6, FeO
12.7, MgO 9, CaO 11.5, Na,0 2, K;0 0.3, H;O 1 %, The calculated composition
of this estimated rock compared with the recrystallized amphibolite (no. 49),
and the same after deduction of 40 %, silica (49 a) will give a fair view of the
chemical transformations:

52 49 49 2
LSRRt e SR S e 5L.5 67.04 45.01
MO cin e SRR S 33 0.42 o.70
.0 7o RS T SRR R T TR 17.1 XL.37 18.92
FeyOu oo gl o e 2.9 4.08 6.75
oL SRS R B e e S N 4. 4.32 7.21
WO o s L A — 0.13 0.22

* Comi)are the optic figures of the amphiboles from this locality and the data of the analysed
hornblendes, referred on pp. 69, 72, 73, and the diagrams, figs. 28 and 29.
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52 49 49a
MeO o o e e s S 5.9 2.5%8 4.43
Cal) 2 e e 13.4 6.60 11.00
NGO e L S ey 22 0.75 iy
| 0 SRR SR A e 0.3 0.54 0.90
| 29 SRR A R 0.2 0.19 0.32
- T e e L T S — 0.64 1.07
o2 R RPCh E B s PR el — 0.83 1.38
A R e e L e e 0.3 0.50 0.84

The differences in composition are not great. Some lime and soda (and possibly
a little magnesia) has been carried away during the transformations and a little
potassium has been taken up by interaction with the pegmatite. Iron and
copper have been supplied as sulphides. The transformation of the plagioclase
and the pyroxene has disengaged some silica. The plagioclase has been saus-
suritized, and the pyroxene has partly been transformed into hornblende,
partly into epidote, chlorite, and some spinell and a little titanite. The high
iron content of the epidote indicates some addition of iron here also.

3. Lillfjallsgruvan.

Lillfjallsgruvan is a small mine or cavity situated in the eastern slope of
Lillfjallet. It was completely excavated during the author’s visit. It lies at the
outer border of the Lillfjillet injection-gneisses as an offset from the main
injection complex at a boundary between an amphibolite and a mica-schist.

These rocks have been completely re-crystallized, with larger grain size of
the minerals, now showing a consecutive transition between the two rocks.
An addition of quartz and sulphides (chiefly chalcopyrite) has probably oc-
curred from outside sources (from the pegmatitic to trondhjemitic injections
which are generally followed by sulphide-bearing hydrothermal solutions in
this region). The reaction between the rocks is complete, so it is hard to tell
where the amphibolite vanishes and the mica-schist begins. A table showing
the mineral composition of seven consecutive rock types (in weight 9,) will
give a fair view of the development of the rocks.

Rock no. 54 represents the original amphibolite, now re-crystallized with but
little change of the composition besides injected veins of quartz. The bluish
green hornblende is represented by no. 77 in the discussion of the amphiboles
on pp. 67—73. It is partly intergrown with a pale amphibole which, according
to its optic properties 2Vy 76° and c: y = 20° should be a cummingtonite with
a content of about 50 9, FeSiO, according to N. Sundius’. The chlorite is a
penninite with a distinct pleochrosim: bluish green to pale greenish vellow, and a
low birefringence, partly with anomalous bluish, partly with anomalous
greenish (yellowish black) colours (both negative and positive). It is secondary
chiefly to the hornblende, and to a smaller degree to the garnet, though this

2.0, Js 193% p. 320,
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Table 53. Amphibole-bearing rocks from Lillfjallsgruvan.

e e e e

|
| 54 s 4 % o lid ]y le |
| o | | e
| = BBy Tl w | e a
| E% |o288 55 ES= | B8EE BBt
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chlorite is more chlinochloritic. The plagioclase is somewhat uneven, probably
a decalcified feldspar.

Rock no. 55 is a skarn-like, hornblenditic amphibolite, rich in chalco-
pyrite. The bluish green hornblende of this rock is represented by the amphi-
bole no. 76 (p. 69). The rocks nos. 56 and 57 have successively paler hornblendes,
represented by amphiboles nos. 75 and 73 (p. 69). The last one has been ana-
lysed (p. 70). Rock no. 57 may be regarded as the contact rock between the
original amphibolite and the mica-schist.

The next rock is more like a mica-schist in appearance, and it is distinguished
by a high content of staurolite and biotite. The biotite of these rocks is of a
pale colour with a weak pleochroism: y brown to reddish brown > a pale
greenish yellow. The anthophyllite which now appears together with the green
hornblende has an axial angle about 2Vy == 79°. — The last two rock types re-
present the original mica-schist to a greater part. They are richer in anthophyl-
lite (2Vy = 75 — 79°) and have also some cyanite.

The anthophyllite is often present in metamorphic mica-schists at contact
with amphibolite or peridotite, but they are never present in the basic rocks
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themselves. The cummingtonite has never been seen in the ultra-basic rocks or
their metamorphism products. It is a typical product of skarn rocks, developed
in sulphide deposits in Sweden, also characterized by country rocks enriched
in magnesia and iron.

The rocks of Lillfjallsgruvan have evidently been enriched in iron and mag-
nesia as seen by the great content of dark green hornblende, staurolite, and
anthophyllite. The plagioclase of the original amphibolite has to the greatest
part been turned over into hornblende by the enrichment in magnesia and iron.
By the same metasomatic action the original mica-schist has been enriched in
staurolite and anthophyllite, two minerals typical of metamorphosed Al-rich
rocks poor in lime. Cyanite is also typical for injected or metasomatically
altered rocks of this region.

The normal mica-schist as the end member of the series was also present.
It is a bedded muscovite-bearing mica-schist, but it has not been sliced.

The enrichment in sulphides, particularly chalcopyrite, is typical for the
earlier injection-bodies characterized by the preponderance of acid plagioclase
over potassic feldspar. Sulphide enrichment has thus been found at the margins
of peridotites and amphibolites close to injection bodies at many places, and
also in migmatites. Small ore bodies have also been found at the borders of
similar intrusive rocks (of trondhjemitic or leuco-trondhjemitic type) to the
west and north of this region.

4. Borka.

The injection metamorphism of the amphibolites of the Borka region is
hard to study because of the differentiated banding of the rocks. They have
not been closer studied. Some different types were, however, recognized:

1) Quartz- injected amphibolites, but slightly transformed, with quartz,
transformation products of pvroxene, oligoclase, actinolitic hornblende, and
clinozoisite as chief minerals, often with a prominent content of sericitic musco-
vite, mostly secondary to plagioclase. Other minerals as garnet, biotite, cal-
cite, chlorite, titanite or rutile, apatite, and iron sulphides are generally present.

2) Injected amphibolites transitionary to the former type with a prominent
content of microcline, besides oligoclase, green hornblende, quartz, and garnet,
with more or less diopside-augite, biotite, calcite, titanite, epidote, ore minerals,
and apatite. These rocks have been injected principally with an addition of
potassic feldspar. The reaction between the different components mixed is
very slight.

3) Strongly banded amphibolites with a diffuse appearance of the injected
material and consecutive transitions between the different layers of the rocks.
More amphibolitic bands have hornblende, quartz, and plagioclase (oligoclase
to labradorite) as main minerals, with garnet, epidote, biotite, apatite, titanite,
and often some augite. Some types have more garnet, biotite, and often scapo-
lite. More salic parts of these rocks are almost devoid of hornblende and show
rather much quartz, and often some cyanite. A common type shows the following

§—382259. S. G. U., Ser. C, N:o 416. Du Rietz.
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mineral proportions: Quartz == plagioclase > biotite > garnet > scapolite >
ore grains = apatite > clinozoisite-orthite = cyanite = zircon > rutile >
muscovite. The distinctly injected rocks show an increasing percentage of
microcline, and more of the micas. A volumetric measurement of one sliced
rock gave the following composition: andesine 22 9%, quartz 18, microcline
18, muscovite 17, biotite 10, garnet 10, iron sulphides 1, scapolite 1, calcite 1,
cyanite 0.3, rutile o.5, apatite 0.5, myrmekite 0.2, orthite 0.2, and zircon 0.1 %,.

4) Some amphibolites in the injected zone show an enlargement of the grain
size of the minerals, particularly the hornblende. They are often hornblenditic
in appearance, similar to those described from Lillfjallsgruvan. The amphi-
bolites of the outer part of the injection complex are generally not injected
themselves, but they may show a re-crystallization of the rock with a more
crystalloblastic habit and a larger size of the minerals.

VI. The paragenesis of the pegmatite and migmatite minerals.

The paragenetic relations of some of the migmatite- and injection minerals
of the Muruhatten region will be summarized here, and the green horn-
blendes will be closer described.

Table 61. Paragenetic table of the main pegmatitic-reactionary minerals
of the Muruhatten region.
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The preceding table (61) shows the interval of stability of the chief pegmatitic
and reactionary minerals according to the opinion of the author.

a. The amphiboles.

Anthophyllite (gedrite) has been observed in metasomatically altered mica-
schists at contacts of peridotites and amphibolites as a typically reactionary

~
~
........\,-.‘-..
670

766
il
Tabulated after intermediate refraction

69
~X%
=70
75-

\
65b
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7660
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.N_gif

-
84
7 and axial angle 2Vy.

a+
2

index
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x Examined hornblendes

o

Fig. 28. Green hornblendes of the Muruhatten region (compared with similar hornblendes).
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Green hornblendes of
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mineral within the original mica-schist, and it does not occur within the amphi-
bolite or peridotite side of the margin, where instead green hornblende or actino-
lite-tremolite may be found. It must be the deficiency of lime in the mica-
schist which has favoured the formation of anthophyllite in this rock. At the
contact to basic rocks both anthophyllite and the other amphibole may be
seen in the same rock specimen. A little actinolite or hornblende have several
times been observed in the mica-schist together with anthophyllite.

According to the axial angles of the anthophyllites the minerals developed
in the mica-schists in contact with peridotites are poorer in iron than those in
contact with amphibolites.

The green hornblendes.

In the examination of the amphibolite-migmatites the green hornblendes
have also been investigated. The table above gives an abstract of the optic
properties of the particularly investigated hornblendes. Two of these, nos. 68
and 73 have been analysed.

As a comparison I1I analyses are quoted, nos. 78 to 838 (pp. 72—73), of
similar amphiboles according to the optic properties, mainly the refraction
indices and the optic axial angles.

The schistose amphibolites of the region have green hornblendes ranging
from almost colourless to strongly bluish green. Nos. 62 and 63 are two com-
mon types. 62 is rather like 78 (quoted from Beskow), even in the slice. 63 is
similar to 85 (Heritsch) and 79 (Beskow). Some hornblendes are distinctly
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the Muruhatten region.
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zonary similar to 83 (Du Rietz). The hornblende no. 64 comes from a schistose
amphibolite that is somewhat affected by aplite intrusion. It has a high axial
angle, rather characteristic for this region.

The hornblendes of the injected amphibolites and migmatitic amphibolites
have been particularly studied (as well as the rocks described earlier in this
paper). The hornblendes have also been affected by the metasomatic reactions
generally in a very regular manner. In order to show the variation in optic
properties the hornblendes of the region have been plotted in a diagram with

B e . aty : )
refraction indices, here for convenience T e the abscissa, and the optic

axial angle 2Va on the ordinate, fig. 28, p. 67. Both refraction indices and axial
angles have been quoted with their mean values as being more proper, because
the analyses will generally give mean values of the composition of many grains

a -+
of the mineral. The value *sz will also give somewhat more constant figures

than either refraction index alone. Coherent mineral series, generally from the
same rock, or from a section of the same outcrop, have been connected with lines
in the diagram.

The three hornblendes 67—69 are taken from three different rocks, but
these are located in the same tectonic position, all being injected amphibolites
close to or in contact with the large Muruhatten peridotite, described on pp.
56—59. Two other outcrops of migmatitic amphibolites in the neighbourhood
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Analyses of 2 hornblendes by N. Sahlbom.

(Picked out material separated in Clerici’s solution.)
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of the analysed one (no. 47) have quite similar hornblendes as the analysed
mineral (68) according to axial angles and pleochroism (rocks nos. 48 and 48a).
Amphiboles of about the same type are those quoted as nos. 81, 86, and 87.
This type of hornblende is characterized by a high content of alumina, rather
high ferrous and a relatively low of ferric iron. This chemical character is
distinguished by a high value of the axial angle 2Va, being more than go° in
the Muruhatten hornblendes of this type. According to the supposition of the
author the original amphibolite has formerly had an iron-rich hornblende of the
more normal type, viz. not so poor in ferric iron in proportion to ferrous (as
it now has), of the bluish green hornblende type (as e. g. nos. 63, 71, 77),
common among the amphibolites of the Muruhatten region. By the metasomatic
reactions following the pegmatite-aplite injection the character of the amphibole
formed is somewhat altered. As has been pointed out in the description of the
reactions at the border of some peridotites and amphibolites in this paper, an
enrichment in alumina has often occurred resulting in a crystallization of such
Al-rich minerals as garnet, biotite, tourmaline, zoisite, chlorite etc. It is thus
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probable that also the amphibole formed is somewhat higher in alumina than
the original one was. The reactions with the near- by peridotite which is parti-
cularly poor in ferric iron has probably been the cause of the relative diminishing
of the Fe,0, content of the reactionary amphibole. It is also typical that the
hornblende with the largest axial angle comes from the most transformed rock.

The hornblende no. 86 was referred by Kunitz! as the end member of the
pargasite series because of its content of fluorine, but as seen by the other
similar amphiboles with a high axial angle as nos. 68, 87, 81, 82 which are
devoid of fluorine, this content is not the chief ingredient governing the optic
properties of this kind of amphibole. It is at present impossible to say to what
degree the fluorine may influence the axial angle (cf. the diagram, fig. 29 p. 75).

The amphiboles 65 a and 65 b are from a slightly contaminated amphibolite,
and nos. 66 a, 66 b, and 66 ¢ from another one close by. The more influenced
part of the amphibolite will get an amphibole slightly paler with lower refraction
indices and slightly higher axial angle. They have been kind of diluted by the
reactions, chiefly a decreasing of their iron content.? The mineral series from
different rocks show almost parallel lines of variation (or differentiation lines).

The hornblendes from the re-crystallized amphibolite of Lillfjallet described
on pp. 60—63, are typical, bluish green hornblendes, 70 a, b, ¢ from the same
rock and no. 71 from a somewhat less metamorphosed rock. 70 a is taken from
the amphibolite most enriched in quartz. It is re-crystallized in large garben-
like amphiboles. The series 70 is roughly parallel with the series 65 and 66, but
represents hornblendes richer in iron. The bluish green amphibole no. 63 is
close to 70 a in the diagram, and it is similar in colour and pleochroism. Further
away the series 70 points to the hornblende no. 85 (having a somewhat lower
content of alumina than the corresponding part of the Lillfjallsgruvan series
above comparable with the analysed hornblendes nos. 79, 83, 84). As no. 71
falls below the differentiation line of series 70, it might be conceived that the
minerals of the more reacted rock (of series 70) has been subjected to a greater
change in composition, e. g. an increase in the alumina content or a decrease
in the ferric iron.

The hornblende series of the Lillfjillsgruvan rocks show a differentiation
line almost rectilinear. No. 77 with the highest refraction indices and the lowest
axial angle represents the least transformed amphibolite, and nos. 76, 75, 73
in this order represent the approach of the margin towards the metamorphosed
mica-schist. Of the hornblendes of the mica-schist 72 is similar to the analysed
one (73), while no. 74 is somewhat stronger in colour with larger refraction
indices and a lower axial angle. The mother rock of this mineral has only a
slight content of green hornblende, but a large percentage of anthophyllite.
This rock is thus not quite comparable to the others.

1 N. J. 1930, BB 60, p. 211.

2 The available analyses of green hornblendes show that the Al,O; content on the average is
proportionate to the iron content. [
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Molecular percentage and optic data
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That the hornblendes show decreasing refraction indices, mainly indicating
lower iron content toward the mica-schist depends on reaction between
the two rocks. That these rocks which are more transformed than the am-
phibolites of the hornblende series 70 a—b—c, show a hornblende series with
larger axial angles may depend on a greater change of the minerals due to
greater metasomatic transformations, i. e. resulting in a higher content of
alumina of the Lillfjidllsgruvan amphiboles. The line of differentiation of the
Lillfjallsgruvan hornblendes almost coincides with the optic properties of two
amphiboles from S. Storfjillet (Beskow), nos. 79 and 8o. These are bluish

1 Determined by S. GaverLix and T. Du Rierz.
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of 11 green hornblendes (quoted).
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green hornblendes of quite the same pleochroism as nos. 76 and 77 from Lill-
fjallsgruvan which fall in between the two from S. Storfjillet on the diagram.
Their chemical composition may thus be similar (though the alumina content
of no. 79 is extraordinarily high). Toward the left the refraction indices—axial
angle line of the Lillfjallsgruvan series passes close under the amphiboles nos.
83 and 84 which lie very close to the basic end members of the Muruhatten
amphiboles series 65 and 66. Deducing from this, these amphiboles ought to
have a composition about 6!/, mol.9, Al,O, and 2 %, Fe,O; for this part of the
Lillfjéllsgruvan amphibol series, and not very different for the Muruhatten
amphiboles. The end member of the series, no. 73, shows a mol. composition
of 5 9 Al,O, and less than 1 9%, Fe,O; which is according to expectations. The
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composition of the hornblendes nos. 64, 65 a, and 66 a of the injected amphi-
bolites of Muruhatten should have similar compositions as the optic properties
are rather like those of no. 73.

In order to ascertain the influence of alumina and ferric iron on the axial
angles of the green hornblendes, all those analysed minerals with determines,
values of refraction indices and axial angle available, including the tremolited
have been plotted in a net, fig. 29, in the same way as the diagram fig. 28. Up-
on calculating the composition of the amphiboles the axial angle 2Va is rather

Ti
well proportionate to the value ALO,; -+ *2-2 — Fe,0; (mol.%) when the

imagined continuation of the tremolite series (actinolites free from ALQO;, TiO,
and Fe,0;, or with the Al and Ti percentage equalized by the same value of Fe)
is taken as base line. This line inclines a trifle more toward the right part of
the diagram than the differentiation lines of the hornblende series discussed
above according to the calculation of the available analyses. Parallel lines

i0
are drawn on the diagram indicating the values AL,O; + *2"2 — Fe,O; = o,

4+ 2, + 4, +6, -8 At each analysis this calculated value (in italics)
is stated. The agreement of the analyses is not quite satisfactory, but the
values indicate the drawing in a rough way.

The composition of the green hornblendes is very complicated, and the other
components of the minerals, not figured, probably also somewhat influence the
axial angle. The diagram is also very susceptible as both the determination
of the refraction indices and the axial angle determine the position of the
mineral. It of course also depends on the reliability of the state of oxidation
of the iron.

Analyses of minerals generally show the intermediate composition of many
grains of the same mineral which may have somewhat different composition
as well as varying optic properties. The optic figures given should thus be the
intermediate values of many measurements of the same material as that
analysed. As optic measurements are often made on only one or two mineral
grains the result may be misleading.

In the diagram the less certain minerals quoted are specially marked (circles).
Some have only the axial angles calculated from the refraction indices. In
some the figures given do not seem quite reliable, etc.

At the right end side the diagram might be filled out with new analyses of
iron-rich hornblendes as such minerals often have been described, though they
are either without complete optic determinations or not analysed. Most
amphiboles of this kind described are dark, bluish green hornblendes falling
below the continuation line of the Lillfjallsgruvan mineral series. Such horn-
blendes are described for instance by P. Geijer! from the pegmatites of Stock-
holm and Osterskir, and by the author? from the quartzdiorite of Rddmansé

*G.F.F. 1013, p. 347
2-G. F. F. 1929, p. 519.
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(with @ = 1.671, = I1.689, 2Va = 59°, and also a still darker variety, errone-
ously called hastingsitic).

For the convenience of the earlier discussion of the Lillfjallsgruvan horn-
blendes the straight line indicating the mineral series of this locality has been
marked out on the general diagram also.

A table of quoted analyses is given below.

Tremolite-actinolite.

The tremolite-actinolite minerals are only found within the metamorphosed
parts of the peridotites or at their margins.

The composition of the mineral generally depends on the original iron
content of the primary olivine. It has thus about the same percentage of the
iron-silicate as in the olivine or a little more. 14 9, of the iron component
(mol.%,) is a common figure for the actinolite of Muruhatten, but it is generally
less at other places.

As to the origin of the tremolite-actinolites the reader is referred to the earlier
paper of the author (6) (summarized in this paper on pp. 48—52).

The lime-poor amphiboles, viz. cummingtonites and anthophyllites, have
never been found within the peridotites or their metamorphic products, though
the anthophyllite has often been observed in mica-schist close to the peridotite.
The cummingtonite has only been found at one place, viz. in a metamorphosed
amphibolite enriched in copper and iron sulphides. The lime-bearing amphibole
is thus the easiest formed and most stable one within the ultra-basic rock. The
lime is supplied from outside sources.

The tremolite-actinolite minerals have not been observed as a last amphibole
formed by the continued low temperature metamorphism of the amphibolites.
It seems rather as if the Al-rich hornblende is more stable than the tremolite-

actinolite.
b. The feldspars.

The plagioclase of the schistose amphibolites is rather acid, generally an
oligoclase. As these rocks are epidote-bearing amphibolites, they have orig-
inally probably had more basic feldspars, about andesine to labradorite ac-
cording to the indications of less metamorphosed varieties. The main meta-
morphism of the amphibolites, producing their general schistosity, has occurred
before the intrusion of the granitic-pegmatitic rocks. The contemporary break-
ing down of the basic plagioclase has resulted in an oligoclase, generally about
An,,, which seems to be rather stable, as a further reduction of the anorthite
component only occurs in special reactions, for instance at the contact with
peridotites. The quartzitic mica-schist of the region generally also carries an
oligoclase, about An,;—An,;, but as this rock does not carry other lime-bearing
minerals as epidote or amphibole, except as accessories, this feldspar content
must be original, perhaps furnished by breaking down of igneous rocks having

this kind of plagioclase.
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Hornblendes quoted in diagram fig. 29, p. 75.

The analyses figures given, are mol. %.
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The plagioclase of the intrusive granitic rocks is a more sodic feldspar. In
the trondhjemitic (or leuco-trondhjemitic) rocks it is an oligoclase varying
between An,, and An,, An,, being the average type. It is generally more
sodic in the potassic-richer intrusives, being about An,; in the intermediate
rocks and passing down to pure albite in the pegmatites with about Ang as the
average value.

Trondhjemitic to alkali-intermediate intrusives in contact with peridotite
have sometimes by reactions with ultra-basic rocks been decalcified and may
thus have a plagioclase down to about Ang. The lime has gone to the formation
of tremolite in the peridotite.

By metasomatic reactions in the pneumatolytic-hydrothermal stage the
oligoclase of the rocks has very often been sericitized indicating a deliberation
of the potassic component of the mineral. In some other transformations the
plagioclase is completely or almost consumed by reactions under the formation
of hornblende, biotite etc. Albite has, however, not been formed in this trans-
formations.

The potassic feldspars occurring in some rocks, viz. in the granitic to peg-
matitic rocks and in the injection-gneisses, are of common types, generally
microcline and microcline-perthite, but sometimes also orthoclase. Some
porphyroblasts of the »augen»-gneisses often remind of perthites, because of
their enveloping older crystals of quartz and plagioclase.

The composition of the microcline of a pegmatite has been calculated from
the rock analysis: SiO, 65.7, AL,O; 18.2, CaO 0.1, BaO 0.1, Na,0 2.8, K,0 13.0 9,
(cf. p. 23). The microcline of the granites have a slightly higher content of
the albite molecule, as the refraction indices are a little higher.

The appearance of microcline twinning is largely an effect of stress as the
more tectonized rocks generally have a microcline and the less schistose rocks
often untwinned potassic feldspar. A more schistose part of the same rock may
thus show an undulous and indistinct appearance of microcline twinning,
while the more homogenous rock part has an untwinned feldspar. The same is
often the condition of the occurrence of perthite also. In a schistose rock it
often appears as uneven, indistinct spots arranged parallel with the schistosity.
The less schistose parts of the same slice may be without the perthite. One
common type is exemplified by the photo, fig. 9, p. 2I.

The injection rocks of Borka which were formed under a greater stress than
those of the Muruhatten region have always a microcline as their potassic feld-
spar.

c. Garnet.

Most of the rocks of the region are rather rich in garnet, especially the mig-
matites and contact rocks, often with large, idiomorphic garnets reaching a
size up to 4 cm in diameter. It is always of a brownish red colour, being similar
in all rocks. It is generally poikiloblastic, enveloping smaller grains of quartz,
plagioclase, magnetite, biotite etc.

An analysis of garnet will be quoted here (6, p. 190):
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Table 117. Garnet from Muruhatten.
Analyst R. Brix.

Mol. %

S Tes s Vo 37.21 6,171 42.52
g+ 1 e S e ISR S = 0.14 17 0.1a
PO e 20.97 2,052 14.12
o AR SR MR 0.02 1 o.o1 Refraction index:
T v v s s e 0.04 2 o.01 (determined by K. LUPANDER,
0 B R 32.65 4,545 21.33 Helsingfors, on prism.)
LT i e R e S 2.02 283 1.96
MFO s o S 2.74 630 4.69 A= s79uun = 1.8083'
o L8 I A S 3.67 654 4.51 546 = 1.8107; 4 0.0003
L8 ISR N S o.14 23 o.16 436 = 1.8311'
o L A R e R tr
ROt s o.15 83 0.57
O S a o l 0.10

99-55 300.00
Sp. gr. 4.145 + 0.0c02 (BLIx).

The analysis corresponds to:
Mol. % Weight %

FTT T L O R R S e o.1 o.1
Almandite . ... . ia . o 73.8 75.0
SpeRRRREIIe L U s e e e 4.6 4.7
e et B SR P I1.0 10.5
SACORSVARIIEG 0 v s L alitii v i 10.5 9.7

A similar garnet from Junsterndset has also earlier been analysed (cf. 6,
p. 198). All the garnets observed in the region seem to be of the same almanditic
character. This garnet is evidently a mineral that is often formed in the injec-
tion of mica-schists, and it is particularly abundant in the pneuma"tolytic—
hydrothermal transformations of the amphibolites, and at the mica-schists in
contact with peridotite. In the injected mica-schist, large garnets are often
present. In the common mica-schists they are less abundant and of much
smaller size. The author has often observed that they increase in abundance
and particularly in size, when approaching the injected schists. The garnet has
evidently been formed in the re-crystallization of the schists under the influence
of the pneumatolysis from the pegmatitic solutions. The composition of the
garnet does not necessarily indicate an addition of material, as the garnet has
a similar composition as the biotite, only a higher percentage of iron, which
probably partly has been supplied by the solutions (or re-deposited) as the rocks
otherwise also point to an addition of iron, seen for instance by the occurrence
of much magnetite etc. The alumina content of the rocks has often been in-
creased at the same time, as many other Al-rich minerals for instance tourma-
line, epidote, Al-rich hornblende, cyanite, etc., have also been formed.

In the continued hydrothermal transformation of the garnet-bearing rocks
the biotite has generally been chloritized before the garnet, and garnet-chlorite
schists have been formed, often with much magnetite. In the continued trans-
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formation of the rock even the garnet is chloritized but seldom completely.
In the strongly, hydrothermally transformed rocks rich in sulphides garnet is
often present.

The garnet is especially abundant in the contacts towards the amphibolites,
and in the injected amphibolites themselves. The garnet-amphibolites further
northeast of this region seem to be formed by metasomatic transformations
emanating from granitic intrusions. A similar origin of garnet amphibolites
has also been pointed out by H. Backlund (4).

{ d. Sillimanite and cyanite.

Sillimanite and cyanite have been observed in many injected rocks and
injection-gneisses, and they have evidently been formed by the injection meta-
morphism as these minerals have not been observed in other rocks. The cyanite
has been formed by the combined action of stress and metasomatism in the
first phase of the injection metamorphism. In the Muruhatten rocks it has
generally been partly converted into sillimanite, probably as the stress has been
reduced. Sillimanite is thus more stable when the tectonic movements are less
active. By continued metasomatism the sillimanite has been converted into
mica, as the former is not a stable mineral beside microcline. The sillimanite
is often quite enveloped in biotite or muscovite which may have protected it
against further transformation.

In the Borka region cyanite has been observed in the most injected rocks,
but hardly any sillimanite. That cyanite alone was formed here depends on the
great stress which had prevailed in this region and prevented the formation of
sillimanite. It is thus partly transformed directly into mica.

Sillimanite and cyanite have been formed in the injection or metasomatism
of normal mica-schists which were not exceptionally rich in alumina. As they
are not found in non-injected schists of the regions investigated it is conceivable
that they have been formed by metasomatism in the first stage of the meta-
morphism, probably before the chief supply of potassium was added. The
study of the rock slices indicates that they were relatively stable under the
main injection metamorphism, though the cyanite was probably less stable
than the sillimanite in the Muruhatten region. In the later hydrothermal
transformations these minerals were not stable any longer and were transformed
into mica.

J. L. Stuckey discusses the origin of cyanite and points out the replacement
origin of some occurrences, also some referred by others. Cyanite blades often
cut across the structure of the rocks, indicating perfect replacement. He writes
further: »The extended literature on pegmatites indicates that they have orig-
inated from igneous magmas and their formation involves a long series of
replacements. Their minerals have been derived from the original solutions
and not from the inclosing rocks — — —. A careful review of all the available
evidence points to the formation of the cyanite deposits of North Carolina by
metasomatic replacements by hot solutions given off by the quartz veins,
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pegmatites, dikes, and their parent magmas.» The present author does not
go so far, but believes that these minerals were formed as reaction products
under the combined action of stress and metasomatic-magmatic solutions
chiefly by re-crystallization of the parent rocks of the minerals. Some alumina
have been supplied by the solutions, but it is not quite certain to what degree.

e. Rutile.

Rutile is a frequent accessory constituent in all metasomatically transformed
rocks of the region, particularly in the amphibolites.

It is partly a transformation product of earlier titanite which is scarce in
these rocks, and it is common as secondary precipitations in biotite and es-
pecially in chlorite at the transformation of biotite, just as titanite otherwise is.
Rutile also seems to be more stable than titanite at low temperatures. It is
particularly common in the transformed rocks in contact with peridotites due
to the fact that the lime content of the rocks partly has migrated toward the
peridotite to form tremolite. The rutile has often been enveloped in secondary
iron oxides, sometimes to the exclusion of the rutile.

The rutile generally occurs as minute, allotriomorphic grains somewhat
spindle-like, recognized from the titanite by its stronger redbrown colour, higher
refraction and birefringence.

f. Tourmaline.

Tourmaline is often found in the Muruhatten region as aureoles around
pegmatitic and aplitic rocks when in contact with basic or ultra-basic rocks.
It has thus been observed as genuine rocks of tourmaline 1/, m in thickness se-
parating aplite from peridotite, and also as a similar rock separating an injected
granite from an amphibolite (cf. the profiles and the photos in the earlier paper
by the author, 6, pp. 175, 177, 177, 183, 193, 195, and 198). The tourmaline
crystals are generally several cm long and about 1/, cm in width, almost black
in hand specimen but light-coloured in thin section, showing a pleochroism,
E greenish yellow and O in different shades of green generally olive green, often
also with a bluish green core. Sometimes it is more bluish in colour. It is
often distinctly zonary with a core of much deeper colour than the margin.

Much of what is said about garnet also is true of tourmaline, though it is
not so universally distributed as the garnet. That tourmaline generally is
found at contacts with basic rocks depends on the excess of basic oxides avail-
able there for the development of tourmaline out of the boron content of the
solutions. A slight tourmaline content is characteristic for the trondhjemitic
type of intrusions themselves just as their nearest environment, but the content
is strongly increased at the contact of basic rocks. The potassic pegmatite
injections on the other hand are not characterized by any appearance of tour-
maline.

6—382259. S. G. U., Ser. C, N:o 416. Du Riets.
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The analysed composition of a tourmaline from Muruhatten will be quoted
{6, p. 178).
Table 118. Tourmaline from Muruhatten.
Analyst R. Brix.

Mol. %
o @ M A G e R T e 36.70 6,086 38.0
§ 8 R A S R e e 1.38 172 I
B0 L e S 30.97 3,030 18.9
BaOss ol 1.73 108 0.7
v § AP c R SRS SR 0.03 2 —
e G e S L e 2.94 409 2.6
R S R G R g no tr.
MECh S s e s 8.83 2,190 13.7
EalE = s s 1.63 291 1.8
R G S e C i AR S e e 2.49 402 20¢
9 g B R v B e D 0.21 22 o1
B s e e e no tr
e SIS et SRR B SRR S no tr
SR E AR TR SR B T T 9.50 1,364 8.3
H D et Bl 3-49 1,937 21
PEIE o L L e e 0.17
et e S R St no tr.
100.07 '100.0
T AR LS R S P RS 3.250 (BLix)
Wl e L e R e e 1.6256
i = e an Pt S ke T ) 1.648

The refraction lines of the polished surfaces observed on the refractometer
were not quite distinct, at least not that of Ne, evidently owing to zonal growth
of the crystals. According to the formulas of F. Machatschki' the composition
of the tourmaline corresponds to (Na,Ca) (MgsAlyg) BoSi;sH;; 04 (B2Os is a little
too low and water a little too high for this formula).

The pleochroism is E pale greenish yellow, O olive green.

Another tourmaline from a neighbouring rock gave the indices: & = 1.626,
® = I.650 with the immersion method.

VII. Tectonic evolution of the region.

The Muruhatten—Lillfjillet area is located at a bending of the general strike
of the Caledonian axis. [ts main direction is NNE to SSW, but in this region
the general strike is about E—W with an overturning of the folds toward the
south (as otherwise generally toward the eastsoutheast), cf. the map of the
district (6, plate 3). This turning of the general trend of the Caledonian rocks
which is still perceptible on the Norwegian side of the border is probably the
cause of the marked intrusions of salic rocks of the Muruhatten region as com-
pared with the conditions north of it.

2 ZKr ;o, Vol. 3, 1929, p. 211.
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The folding of the region is rather constant with frequent culminations and
depressions of the pitching axis. This general structure of the folding may be
typified by the drawing of the folding complex of Muruhatten (6, plate 5),
though the curving of the pitching here is closer (and of smaller dimensions)
because of the stiffness of the peridotite body.

The trondhjemitic or Na-dominant intrusions are quite conformable with
the folding, though they may show intrusive contacts against the earlier
igneous rocks viz. the amphibolites and the peridotites. They are generally
somewhat granulated, and they have evidently been intruded under stress.
Many of these intrusions are localized to tectonic lines of weakness, as the
borders of earlier intrusions of peridotite and amphibolite in the mica-schists.
These have thus been stabilized and protected against the following more
potassic dominant intrusions.

The alkali-intermediate salic intrusions are also visibly influenced by stress
(cf. microphotos, figs. 15 and 16), but not so much as the trondhjemitic types,
and they are consequently never completely granulated and generally show a
more granitic texture than the trondhjemites, though they are also more or less
cataclastic.

The potassic dominant intrusives, of a rather pegmatitic type, are decidedly
less influenced by the tectonic movements, and they are often quite unmeta-
morphosed (cf. the analysed pegmatite, p. 23). They may, however, show an
undulousity of the grains and some crushing of the margins of the porphyritic
feldspars. These rocks have evidently been intruded in the later phase at the
culmination of the folding, and they are thus partly schistose and partly non-
schistose. Some rocks of this type have cut across more schistose trondhjemitic
types.

Later than the folding and younger than all the rocks of the region are hori-
zontal movements forming planes of mylonitization with complete crushing of
the rocks.

To the northeast of the region (for instance in the neighbourhood of Gaddede)
there are finely grained gneisses, generally interlaminated with amphibolites.
These fine-grained schistose rocks (almost leptite-like) have a composition
similar to the trondhjemitic rocks averaging: oligoclase (about An,,) > quartz >
muscovite > biotite - chlorite >> pistasite > apatite = titanite. As they are
conformable with the amphibolites and are cut through by pegmatitic rocks,
they are probably older than the trondhjemitic rocks of the Muruhatten
region. The amphibolites are intrusive in the graywacke-like mica-schists N.E.
of Gdddede. These mica-schist are rather rich in acid plagioclase, possibly
originating from older plagioclase dominant igneous rocks.

From Muruhatten toward the northwest acid intrusives of the trondhjemitic
type are met with in several localities, and rocks of the same character are
common as intrusives in the youngest phyllitic rocks (silurian) further away,
here often as porphyries with transitions toward granitic-textured rocks. Table
119 gives an abstract of the composition of some occurrences.
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Table 119. Mineral composition of some acid igneous rocks intrusive in
the silurian “koli“-rocks.

(W.N.W. to N. of the Muruhatten region.)
Weight percentage.

| | ] ‘ ‘ = 1

a i G } d e e g
Bratt- | W. of | ‘W Wl i} ] G ; Gaska- J
Rl e
| sjon 1vatmeﬂvattnetl | M ! vattnet |
Type of rock . . . . . . |(Leuco-)trondhjemite | Oligoclase (albite-oligoclase) porphyry ‘(
Plagioclase (&n,ﬂ——An‘1 ; ' |
|- average An,,) . | 59.8 ; 51.4 | §6.4 ‘A - il
| Plag. phenocrysts 1 = — 107 | 6. | ILs 15.0  TICTY
FeQaRals v o et “ 00! 304 | 204 i — | ‘
| Quartz phenocrysts | - 102 | 160 | Il 9.2 16.3 |
‘ Plag.-quartz matrix }' — | 700 E 68.4 | 69.6 ‘{13':7"_1:8; §la
Biotite . o ' 6ol i— — 72| 37 $3 1 o2 —
‘ Chlonte(secondarytobxo'lte)[ L5 f 132 4.8 — ‘ — 8.5
| Muscovite (sericitic) . . . | T2 | — — | I.o 2.6 — 5.2 Q.0
J Edidate bl o iacit ‘ 0.3 1.5 7.2 ‘ 0.5 ! O il Lo S S e
Calcite .-, . : s l - — 2.9 — | 24 - !
' Sulphides Elamlose gt Siags 0 ‘ il
| Ore minerals (chleﬂy maane-[ ‘ ' 2.3 | 038
1 fite) o 1 —f - — 04 | 0.6 { J 1 0.2
| Garnet . o3| — =] —
: Apatite \ tr. ’ o.1 tr. - ‘ i ‘ !
FZarcon - 0. et froH s ] =k } i e BN GRS 95

The plagioclase of the rocks is generally a trifle more sodic than those of
the Muruhatten region.! Some of the rocks are rather schistose, especially
the porphyries, others have well preserved textures with hexagonal quartz
crystals and idiomorphic feldspars. As seen by their position it is probable
that they were intruded at the folding of the phyllite complex. As there are
continuous series of small intrusives all the way from the Muruhatten area
they must all be considered as contemporary.

That the potassic dominant intrusives only are found in the east must depend
on the anticlinal uplift of this part of the mountain range whereby these rocks
have been exposed by erosion.

1 The dike rocks of the trondhjemitic type are oftena trifle more sodic than the plutonic
ones (The earlier [ordovician] extrusive rocks are still more sodic).
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A short summary of the magmatic evolutions of the region may be given as
follows: At an early epoch of the Caledonian basic and ultra-basic rocks were
intruded in pelitic and psephitic sediments. There were probably also extrusive
rocks. Some soda-dominant salic rocks were associated with the basic ones.
By tectonic movements the rocks were metamorphosed resulting in a re-cry-
stallization and a marked schistosity of the amphibolites and probably in a slight
serpentinization of the peridotites. At a folding of the region a new suite of
igneous rocks were intruded beginning with gabbroic rocks followed by trond-
hjemitic to leuco-trondhjemitic rocks, and in the culmination of the folding by
potassic dominant rocks. At the last anticlinal uplift of the region the country
rocks were strongly injected by potassic pegmatites mainly resulting in a feld-
spathization of the schists.

In the central part of the injected complex the rocks have chiefly had an
addition of K,0 and Al,O, with a marked decrease of the alumina deposition
outwards. Some silica has been precipitated in the outer circle of the injected
complex.
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