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ABSTRACT

The north-eastern part of Utd island has been remapped, with special consideration
being given to stratigraphic and tectonic problems. A geological map of the Utd rocks
was published by Holmquist (1910). On this map, one can discern three main rock
units. The central part of the island is characterized by “hilleflintas” with beds of
limestone and skarn. Along the south-eastern and north-western shores, the rocks are
mapped as “mica-schist”. Mainly between these two units, a rock termed “quartz-
stained leptite” or “quartz-porphyry and tuff” is found. The present investigation
has shown that the “mica-schists” in the south-east represent metamorphosed normal
epiclastic sediments. Graded bedding and cross-bedding are very common. A detailed
recording of these structures has proved that the metasedimentary group here under-
lies the hilleflinta-leptite group. The lower part of the south-eastern metasedimentary
unit is composed of metagraywacke with abundant graded bedding. These rocks grade
upwards into metasubgraywackes with abundant cross-bedding and intraformational
conglomerates.

The “mica-schists” on the small islands north-west of Ut proper also szem to
represent epiclastic metasediments. However, graded bedding is here extremely
rare. Cross-bedding has never been observed. The epiclastic metasediments to the
south-east therefore differ to some extent from those to the north-west.

The north-western belt also contains beautifully banded tuffs of dacitic to andesitic
composition. These rocks are clearly exposed north-west of Utd church.

From the differences between the two belts of metasediments and from scattered
observations of graded bedding to the north-west, it is concluded that the north-
western metasediments overlie the hilleflinta-leptite group.

At several localities, the quartz porphyry (“’quartz-stained leptite”) was found to
contain xenoliths of various metasediments. On the map one can also see that the
quartz porphyry is not absolutely concordant with the boundaries between contrasting
rock beds. For these reasons it is suggested that the quartz porhyry is intrusive, pro-
bably of a hypabyssal nature.

The map shows that the hilleflinta-leptite group and the quartz porhyry unit form
an almost isoclinal fold. Holmquist interpreted this fold as a syncline with a very
steep fold axis. This would mean that the metasediments to the north-west and south-
east should have the same stratigraphic position. The interpretation presented here
is that the fold seen on the map is a large drag fold, the north-western part of which
having been cut off by a fault. The fault is assumed to run between Utd proper and
the small islands to the north-west.

The new interpretation of the stratigraphy of Utd has been compared with strati-
graphic schemes from other parts of the Stockholm archipelago — especially with
that of the Lagno—Svartldga area (Lundqvist 1962). Many similarities are found.
An attempt was also made to correlate the stratigraphy of the Utd area with that of
the Svecofennian of central Sweden west of Stockholm and of south-western Finland.
The main results of these correlations are summarized in Fig. 22.

A new guide to excursions on Utd is presented in the Appendix.
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INTRODUCTION
By
Sven Gavelin
Uto is a large island of the Stockholm archipelago situated 40 km SSE of the
centre of Stockholm. The island is geologically particularly interesting because,
within a fairly small area, one can study fairly well preserved units of most of
the supracrustal rocks which are characteristic of central Sweden, and which
represent the middle part of the southern Svecofennian belt in Finland and
Sweden. Moreover, the shore outcrops are clean and sometimes ’’polished”,

displaying structures on various scales — both sedimentary and tectonic.

The first comprehensive presentation of the geology of this territory was pre-
sented in an excursion guide for the XI International Geological Congress 1910.
Professor P. J. Holmquist (1910) presented a map on the scale of 1:20 000,
accompanied by a petrographic description of the rocks and discussions on stra-
tigraphy and tectonics. More recent works have been presented by N. Sundius
(1938, 1947, 1956), Thomas Lundqvist (1962), G. Stalhos (1962, 1969).

In the present paper only the north-eastern part of the island will be conside-
red, from the north-eastern point of the island to about 2 km south-west of Uto
church. On Holmquist’s map one can discern three main rock units. One includes
the central and northern part of the island which is dominated by hilleflintas (or
leptites) with abundant intercalations of “crystalline limestone”. This rock unit
also contains quartz-banded iron ore and sometimes sulfide mineralizations. In
all characteristic features the unit corresponds to the wide-spread hilleflinta-
leptite group of central Sweden (in part “Bergslagen’), where limestone, skarn,
iron and sulfide ores are also characteristic constituents. At Uto these rocks are
bordered to the south-east by rocks which were characterized as 'mica-schists”
by Holmquist on his map. They are referred to as a special kind of "leptites” in the
description and can be taken to represent the second main unit on Holmquist’s
map. Not all Holmquist’s “mica-schists”” are true metamorphic argillaceous rocks
— a large part of them are in fact coarser quarz-rich and feldspathic rocks, which
in their present association with the mica schists must represent arenaceous meta-
sediments. Conglomerates also occur locally. Cross-bedding was observed by
Holmquist at several localities.

Rocks somewhat similar to the representatives of this rock sequence are found
north-west of the halleflinta-leptite belt — on the skerries north-west of the main
island of Utd and north and north-west of Utd church. Towards the north-west
these rocks become more intensely sheared and drag folded, and an increasing
amount of pegmatitic schlieren makes it reasonable to characterize them as veined
gneisses. The gneisses also contain more individualized coarse pegmatites, some-
times as discordant veins or dikes, sometimes as irregular bodies or lenses.

The gneiss development can be followed towards the mainland and is probably
a direct continuation of the vast gneiss areas (’Sormland gneisses”) south of
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Stockholm, which are assumed to represent high-grade metamorphosed sedi-
ments of the graywacke suite.

The third unit on Holmquist’s map is a continuous bed of “’quartz-porphyry”’
— characterized as “’quartz-stained leptite”.

Holmquist’s map shows that the hilleflinta-leptite-limestone-iron ore unit
and the quartz porphyries form an almost isoclinal fold. Holmquist interpreted
this fold as a syncline — an interpretation which was probably, at least partly,
founded on the facing! of cross-bedding in the south-eastern metasediments.
Thus, the latter must underlie the hilleflinta-leptite unit. This would imply that
the north-western and south-eastern metasediments would stratigraphically
correspond to each other and represent different limbs of the large fold. However,
it seems very probable that a fault exits in the north-west between Uto
proper and the small islands Tallholmen, Persholmen, and Angsholmen. The
structural pattern is therefore not as simple as one would believe after a superficial
glance at the map.

During my first excusions on the island I got the impression that the hille-
flinta-leptite group corresponded to the leptite group of the Bergslagen and that
the metasediments could be lithologically compared with the metasedimentary
rocks of the Bergslagen region — cf. for example Grythyttan (Sundius 1923),
Smedjebacken (Hjelmqvist 1938), and S6rmland (Magnusson et al. 1960). In
all these examples iron ores and coarse crystalline limestones are practically
absent in the metasedimentary areas. The epiclastic sediments were always found
to overlie the true leptites. If this is the case on Utd, then Holmquist’s strati-
graphic sequence ought to be reversed and the isoclinal fold would represent an
anticline. However, studies of primary sedimentary structures in the outcrops
of the south-eastern shore have revealed a facing towards north-west; therefore
the metasediments must underlie the hilleflinta-leptite unit. Consequently, if
the north-western and south-eastern metasediments stratigraphically correspond,
Holmquist’s interpretation would be correct. I also accepted this Holmquist’s
interpretation in my first publications on Ut6 (Gavelin 1958 and 1960).

However, Thomas Lundqvist (1962) pointed out a possible alternative expla-
nation of the main stratigraphic features of Uto. Lundqvist’s investigation con-
cerned the supracrustal rocks on some islands situated 70—80 km north of Uto.
Lundqvist made some comparisons between the two areas, especially with respect
to rock types and stratigraphy. During joint excursions on the Utd area, we both
became aware that the metasediments in the north-west (Persholmen) and those
in the south-east (arcund L. Sillvik and Rivstavik) differ in some respects with
regard to lithological development (see also pp. 16—19). Lundqvist (1962, p. 90)
therefore suggested that at Ut6 there may be a monoclinal stratigraphic sequence
from bottom beds in the south-east to top beds in the north-west. This would

1 The expression “facing” has been defined by Shrock (1948, pp. 17— 18) as follows: “Face,
or facing refers to the original upper surface of a layer”.
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mean that the large bend of the beds, as seen on the map, represents part of a
drag fold, the north-western limb of which has been contorted and displaced by
faults.

By extending our studies of the north-western limb we found a new kind of
rock development north of Ut6 church. These rocks are characterized by a con-
spicuous banding with alternating light and dark beds. The dark beds contain
feldspar phenocrysts in varying amounts and sizes.

Since the general stratigraphic sequence at Uto is very important for a corre-
lation between different lithological units within the Svecofennian rocks —
from Bergslagen to central Finland — it seemed necessary to perform some
complementary investigations of the Utd area. For that reason two students
remapped and performed petrographic investigations of the metasediments,
recording all kinds of structures — tectonic as well as primary. Ingmar Lund-
strom (during 1962) mainly dealt with the south-eastern metasedimentary belt,
but also studied outcrops on the northern part of the north-west shore, where
contacts between the north-western metasediments and the leptites are exposed.
Finally the structures close to the very crest of the fold were recorded.

The north-western belt of metasediments was studied by Stig Norstrom
(during 1966). His investigation covered the islands just north-west of the Uto
island proper, the areas north-west, north, and north-east of Ut6 church.

Our map (Fig. 1) is a simplified presentation of Holmquist’s map, with some
minor corrections necessitated by the new field data. The map is intended to give
a general survey of the main geological features, to show positions of some struc-
tural observations, and also to indicate suitable excursion localities.

A number of chemical analyses were made of new material and complemen-
tary microscopic studies were performed.

PRESENTATION OF NEW DATA
By
Sven Gavelin, Ingmar Lundstrom, and Stig Norstrom

SURVEY OF ROCKS AND STRUCTURES
THE HALLEFLINTA-LEPTITE GROUP
On Holmquist’s map the halleflinta-leptite group occupies the central part of
north-eastern Uto. (For a definition of “group” and other lithostratigraphic
concepts, see International Subcommission on Stratigraphic Classification 1972.)
Holmquist distinguished three units. The innermost part is characterized by
a large number of limestone beds, separated by beds of light to dark gray halle-
flinta or leptite. The halleflinta-leptite rocks are sometimes massive, sometimes
distinctly stratified. Around this division occur skarn-rich leptites, and further
outwards from the centre bedded leptites with thin layers of skarn and limestone.
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Fig. 2. Polymictic breccia, 300 m SSE of Krokarna. Excursion locality 7.

The two last mentioned types may be taken to represent a transitional zone
towards the metamorphic epiclastic sediments.

In our study we generally paid little attention to these rocks, with the excep-
tion of the border zone towards the north-western sedimentary belt. Their mine-
ralogy and petrology have been discribed by Holmquist. The north-western
border zone towards the sediments will be discussed in association with the
description of these sediments.

On the shore about 400 m SSE of the old farmhouse at Krokarna,
a peculiar and special type of rock occurs. It consists of a kind of “breccia”,
where angular or slightly rounded fragments of hilleflintas, sometimes fine-
bedded, possibly also meta-arenites, and limestone appear in a meta-arenaceous
or leptitic groundmass (Fig. 2). The “breccia” is bordered towards the south-
cast by a 100 m thick bed of quartz porphyry, which in its turn is bordered by
bedded meta-arenites. North-west of the “breccia” fine-bedded hilleflintas occur.

Holmquist observed this “breccia” and interpreted it as some kind of tectonic
breccia, comparable with breccias situated to the east of Krokarna, see Holm-
quist (1910, Figs. 44—45). This interpretation is certainly erroneous, since the
two types of breccia are fundamentally different. In the breccia to the east of
Krokarna the hard hilleflinta beds have been broken up, and the limestone with
lower competence has flowed between the hilleflinta blocks. In the “breccia”
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SSE of Krokarna, on the other hand, limestone occurs as fragments and the
acid fragments represent quite varying rock types.

It is difficult to make out how this rock development was formed. The fact
that limestone fragments are common would justify its classification as part of the
hilleflinta-leptite group. South-east of the porphyry meta-arenites occur, indi-
cating that the “’breccia” must belong to the lower part of the hilleflinta-leptite
group. It could represent a volcanic breccia or agglomerate. However, the very
polymict composition of rock fragments and the fairly abundant occurrence of
limestone pieces gives it a different appearence from leptite agglomerates known
from Bergslagen. It could also represent a breccia associated with epiclastic
sedimentation. Formations of similar appearence are not uncommon in many
sedimentary units as basement formations, frequently forming transitions
upwards to true conglomerates with worn and rounded boulders from the
basement (cf. pp. 33—34). If the breccia” should represent an epiclastic sedi-
ment, it could be taken to indicate a local unconformity.

THE SOUTH-EASTERN METASEDIMENT GROUP

The metasediments on the south-eastern coast of northern Ut6 very much
resemble recent sediments of the graywacke type (Gavelin 1958, 1960, Stalhos
1962). However, two contrasting developments can be discerned in the area.
Thus, alternating beds of meta-arenite and meta-argillite predominate between
Farskdrsudd and Ostersundsvikarna, while pure meta-arenites constitute
nearly all the remainder of the metasediments. Minor exceptions to this areal
distribution occur, however (see map Fig. 1).

The meta-argillite bedded formation which is particularly characteristic in
the Farskédrsudd-Ostersundsvikarna area, is characterized by beds of mica schists
frequently carrying andalusite, cordierite, anthophyllite, and occasionally alman-
dite (Figs. 3—5). The predominant mica is biotite, sometimes chloritized. Musco-
vite is generally present but in varying amounts. Oligoclase may be present in
small amounts but is generally sericitized. Cordierite and andalusite may be
observed in the same thin section but mica schist also occurs with only one of
these minerals. Sillimanite is completely absent. The cordierite is sometimes
fresh, sometimes strongly pinitized. On the north-western part of Farskarsudd
mica schists occur with abundant almandite, some cordierite but no andalusite.
This is the only locality known to us where almandite occurs abundantly. The
predominance of either andalusite, cordierite, or almandite is apparently a
consequence of variations in the proportions between aluminium, magnesium,
and iron in the original sediments.

The meta-argillitic beds regularly alternate with layers of subgraywacke type,
where quartz, oligoclase, and biotite are the chief constituents. Stalhds (1962,
pp. 63—69) has presented modal compositions for three rock types from this
area.
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| Fig. 4. Cordierite porphyroblast in meta-argillite bed. x nic. Féarskiarsudd, excursion locality
| 3b.
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Fig. 5. Almandite porphyroblast in siliceous mica schist. 1 nic. Farskdrsudd, excursion loca-
lity 3d.
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Fig. 6. Graded bedding at the shore of Révstavik. Photo Th. Lundqvist.
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Fig. 7. Graded bedding. Farskirsudd, excursion locality 3a.

The chemical compositions of some of the rocks are given in Table 1. Ana-
lyses nos. 1—6 represent new analyses, while nos. 14—19 are analyses presented
by Holmquist (1910) and Stalhos (1962, p. 34).

Although the rocks are thoroughly recrystallized, graded bedding is frequ-
ently conspicuous (Figs. 6 and 7). The thickness of the individual graded beds
may vary considerably, (Fig. 7).

The clearly bedded rocks have frequently been affected by shear movements
leading to drag folds on a minor scale. The fold axes are generally steep or verti-
cal. The drag folding involves that the facing directions may change very
quickly (Fig. 8). The more competent meta-arenitic beds are sometimes disrupted
and may even form pseudo-conglomerates. The difference in competence bet-
ween argillaceous and arenaceous beds is also indicated by the formation of
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f Facing of beds as indicated by graded beddings

Fig. 8. Deformation style of meta-argillite bedded sediments. Skéngeludden on the south-
eastern coast.

Fig. 9. Deformed metasediments with dlscordant schistosity. Farskdrsudd, excursion locality
3b. Photo Th. Lundqvist.
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Fig. 10. Conglomzrate NW of St. Sillvik. Photo Th. Lundqyvist.

a marked schistosity in the argillaceous beds. This schistosity seems to be parallel
to the axial planes of the minor drag folds. Thus schistosity is frequently discor-
dant to bedding (Fig. 9).

The facing directions as determined from the graded bedding is indicated on
the map (Fig. 1). Each facing symbol may represent several separate field obser-
vations. In areas of no or only moderate folding (for example Kiringniset) facing
is exclusively towards the north-west. In other areas the folding is so intense
that top-bottom determinations of the whole sequence are very uncertain
(Figs. 1 and 8).

The meta-arenitic formation occurs in its most characteristic form at L. Sillvik,
St. Sillvik, and Sodra Sandvik. Argillaceous beds may occur but not as abun-
dantly as in the meta-argillite bedded formation. Thus, at Sodra Sandvik, in the
upper part of the meta-arenitic formation, there exists a 40 m thick meta-argillitic
belt with abundant andalusite.

The clearly meta-arenitic types sometimes pass over into conglomerates with
rounded or angular pebbles of various meta-arenites (Fig. 10). The conglo-
merates sometimes appear as lenses with a very restricted lateral extension.
Sometimes, however, they form continuous beds which can be traced over long
distances. Both the composition of the pebble material and the appearance of
the conglomerate bodies indicate that they represent intraformational and quite
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local formations. Cross-bedding may appear also in the coarser arenitic types
(Fig. 11). Even the conglomeratic meta-arenites may display cross-bedding
(Fig. 12). At one locality a structure reminiscent of ripple marks has been obser-
ved in this sequence.

No minor drag folds were found in the meta-arenitic division. Since the cross-
bedding almost exclusively indicates facing towards the north-west (Fig. 1), it is
reasonable to assume that these metasediments conformably underlie the meta-
volcanic rocks (leptites and hilleflintas) to the north-west.

The two contrasting sedimentary developments indicate somewhat different
sedimentary environments (Pettijohn 1957, p. 285). The meta-argillite-bedded
formation greatly resembles graywackes, while the meta-arenitic formation is
most similar to subgraywackes deposited in shallow water near the wave base.
A shallow water deposition is also indicated for the meta-arenites at Sédra Sand-
vik where meta-argillite fragments are found in the meta-arenite (Fig. 13). These
fragments indicate that argillitic sediments were temporarily above water level,
where they could dry out and disintegrate into fragments. The graywacke-sub-
graywacke character of these sediments can also be seen from the rock che-
mistry (see Table 1).

THE NORTH-WESTERN METASEDIMENT GROUP

The epiclastic metasediment formation. The classical locality for excusions to
the north-western metasedimentary Uto rocks is St. Persholmen. On its south-
western point a sequence of metasediments occurs where bedding is still well
preserved. Fairly thin beds of darker and lighter metasediments alternate
(Fig. 14). No grading has been observed at this locality, however. Towards the
north-western shore of this little island these metasediments become gradually
more sheared, the competent meta-arenite beds being broken up and pegmatitic
veinlets more abundant. Individual large pegmatite bodies or veins also occur.
On the north-western shore the rocks can be characterized as veined gneisses.

The belt of metasedimentary rocks with preserved bedding can be followed
towards the south-west on the islands of L. Persholmen, St. Angsholmen, and
Bredkobben, and towards the north-east on Tallholmen and Askkobbarna. On
Bredkobben two fairly distinct examples of graded bedding were found, indicat-
ing facing towards the north-west. The same direction is also indicated on the
south-western part of St. Angsholmen. On the north-western shore of Utd,
about 1 km ENE of Tallholmen, exist thin intercalations of meta-arenites in the
leptite sequence. Here Lundstrom found two indications of grading, also facing
towards the north-west.

The mineral composition of the Persholmen metasediments is simple. Quartz,
oligoclase, microcline, biotite, and/or chlorite + muscovite are the chief consti-
tuents. See also Stalhos (1962, p. 64) where modal compositions of three types
of meta-arenite from St. Persholmen are presented. In an arenaceous bed from
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Fig. 12. Cross-bedded conglomerate. In the waterfront at St. Sillvik, 200 m NE of excursion
locality 5.
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Fig. 13. Meta-argillite fragments in meta-arenite. In the waterfront on the peninsula between
S. Sandvik and Naskniisviken.
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Fig. 14. Bedded meta-arenites. St. Persholmen, excursion locality 9a.
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St. Persholmen cordierite has been observed. The chemical composition of these
rocks is exemplified by analyses nos. 7 and 8, Table 1, representing two contras-
ting beds from L. Persholmen.

If the Persholmen metasediments are compared with those from the south-
eastern shore, it is obvious that they differ from the outer zone in the south-east,
here classified as graywackes with abundant graded bedding. The division into
dark (originally argillaceous) and light (originally arenaceous) beds is much
more pronounced in the outer south-east zone. Metamorphic minerals indica-
ting the primary clay composition, such as andalusite, cordierite, and sometimes
almandite, are abundant in the south-east but rare or absent in the north-west.
From field studies only, it could be stated that the Persholmen metasediments
to some extent resemble the transitional zone in the south-east between the
distinctly graded and often argillaceous metasediments, and the overlying more
arenaceous zone, where cross-bedding and conglomerates are common. In this
transitional zone, however, andalusite and cordierite are fairly abundant in the
micaceous beds. No indications of cross-bedding or conglomerates have been
observed in the Persholmen rocks.

The metasediments (Fig. 14) pass over very abruptly into veined gneisses
towards the north and north-west. This sudden transition can hardly be explained
by a regional change of the P-T-conditions during metamorphism. Gavelin (1960)
pointed out that kinematic metamorphism may contribute not only to selective
bodily transport of rock components of contrasting physical properties but also
to chemical migration of material leading to pegmatitization and granitization.
The structural patterns in the section at St. Persholmen from south to north give
the impression that the gneisses represent zones where intense shearing movements
took place, and such movements were perhaps the ultimate cause of the gneiss
developments.

The area around Kyrkviken on Uto proper (south, south-west to west
of Utd church) contains several features of great interest. Outcrops 200 m
south of the church and close to the church represent gray, dense hilleflintas,
frequently with a conspicuous stratification. At the inner, north-western part
of the bay Kyrkviken, a bed of limestone occurs in light gray skarn-bearing
hilleflinta.(analysis no. 12, Table 1).

In thin section this rock displays a granoblastic texture — quartz and clear,
twinned plagioclase being the chief constituents. The proportions between these
two minerals may vary considerably over short distances. In addition a colour-
less hornblende occurs more or less abundantly. Some microcline, epidote, and
garnet have also been observed. Sphene occurs in fairly large amounts.

WNW from the shore of the bay various types of hilleflintas occur, with an
amygdaloidal type being of particular interest since it apparently represents
a true volcanic rock (analysis no. 13, Table 1). Quartz, more or less sericitized
plagioclase, and to some extent microcline are the chief constituents. Biotite
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Fig. 15. Plagioclase-porphyritic metatuffite. 300 m NW of Uto church, excursion locality 8c.

also occurs, in part chloritized. Rounded clusters of coarser plagioclase, gene-
rally with a large flake of biotite in the centre seem to represent amygdules.

The hilleflinta-like rocks contain intercalations which seem to correspond
with the micaceous meta-arenites of Persholmen. However, these metasediments
are often strongly sheared and contain pegmatitic veins to such an extent that
they might be characterized as veined gneisses. The section from the shore to
150 m in a north-westerly direction shows that the boundary between the lime-
stone-bearing hilleflinta-leptite group and the metasediments of the Persholmen
type is characterized by a transitional zone.

The pyroclastic metasediment formation. About 150 m towards the north-
west from the innermost part of Kyrkviken occurs a belt — 120—150 m wide —
which has escaped more intense shearing. Here occur clearly bedded rocks, ter-
med tuffites on the map, not previously recognized from the Utd area. To a
certain extent they resemble the outer zone of the south-eastern sedimentary
group, as their most characteristic feature is a regular alternation between con-
trasting light and dark beds. Here, however, the dark beds are generally charac-
terized by phenocrysts of plagioclase in a black groundmass (Figs. 15 and 16).
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Fig. 16. The same rock as in Fig. 15, but from excursion locality 8b.

These plagioclase phenocrysts vary considerably in size and are very irregularly
distributed. Even in hand specimen they appear to be true phenocrysts, an
impression which is confirmed by microscope examination (Fig. 17). If this is
correct, the bedded rocks in question must represent bedded tuffs, probably of
andesitic to dacitic composition.

The dark beds consist of quartz, abundant plagioclase (andesine-labradorite),
biotite, and a slightly greenish hornblende. The plagioclase is generally more or
less sericitized; the biotite may be almost completely chloritized. The chemical
composition of these beds is demonstrated by analyses nos. 10 and 11, Table 1.
The analyzed specimens were taken about 100 m apart but represent approxi-
mately similar stratigraphic positions. The two analyses are almost identical.

The light beds are more quartz-rich, contain much less biotite (or chlorite)
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Fig. 17. Plagioclase phenocrysts in tuffite. X nic.

and no hornblende. On the other hand, microcline is sometimes present in
appreciable amounts. The chemical composition is given by analysis no. 9,
Table 1.

The dark beds have a very characteristic and specific appearance. Towards the
north-west the bedded rocks have become strongly sheared and have in part
been transformed to veined gneiss. However, even on the north-western shore
of the island — for example at "Réda udden” — recognizable remnants of the
dark bands with plagioclase phenocrysts have been found, indicating that this
probably volcanic rock sequence has a considerable thickness.

The better preserved banded rocks have been followed towards the north-
east on the north-western part of St. Angsholmen, and towards the south-west
about 2 km, where they contain narrow beds of limestone and also beds of hille-
flinta-like appearance. The transitional zone from the typical hilleflinta-leptite
rocks seems therefore to be somewhat broader here. Small intercalations of
limestone and skarn, together with leptitic forms, are also found associated with
mica schists and meta-arenites on the south-eastern shore of St. Angsholmen, at
Tallholmen and Askkobbarna. However, such calcareous layers are restricted
to the border zone towards the hilleflinta-leptite group proper. The transitional
features within this part of the area have also been somewhat disturbed by a
fault running immediately north-west of the northern Uté mainland.



SVECOFENNIAN STRATIGRAPHY ON UTO, STOCKHOLM ARCHIPELAGO

Fig. 18. Xenolith-bearing quartz porphyry. North of Kiringnisvikarna, excursion locality 4.

THE QUARTZ PORPHYRY GROUP
The quartz porphyry is a fine-grained porphyritic rock, the phenocrysts being
quartz and plagioclase. On Holmquists’s map this rock type is seen to occur
mainly along the boundary between the hilleflinta-leptite group and the
south-eastern metasediment group. Generally it seems to run concordantly or
semiconcordantly with the main bedding in the area, but it sometimes branches
out and then cuts the bedding at a very acute angle (see Fig. 1).

Holmgquist interpreted the quartz porphyries as metavolcanites and included
them in his hilleflinta-leptite unit, while Sundius (1947, p. 17, and 1956,
pp. 666—667) believed them to represent primorogenic intrusions connected
with the older Svecofennian granites.

Contacts between quartz porphyry and leptites or metasediments are exposed
at several localities. Usually there is no evidence of chilled margins, but at some
localities a decreasing grain-size of the quartz phorphyry towards the contacts
has been recorded.

In the quartz porphyry xenoliths of various fine-grained metasediments or
perhaps also hilleflinta are frequently found (Fig. 18). About 70 m to the north
from the locality of Fig. 18, the quartz porphyry was found to contain an angular
xenolith — some centimetres across — of a fine-bedded, fine-grained metasedi-
ment or halleflinta. This outcrop, however, is situated below water level, and
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therefore samples or even photographs could not be obtained. Within the section
from Nasknédsudd to just north of Sédra Sandvik xenoliths occur both in the
upper and lower parts of the quartz porphyry belts. All these observations seem
to indicate an intrusive nature for this rock. Whether the intrusion took place at
the onset of the volcanic activity, or whether it is definitely later than all the
supracrustal rocks (as postulated by Sundius), cannot be determined with cer-
tainty from our observations (see also pp. 33—34).

Most of the quartz porphyries discussed above are very uniform and massive
over wide areas. Between Stora Sillvik and Nasknisudd there also occur rocks
of a quartz porphyric appearance but these seem to be integral parts in a bedded
sequence of the meta-arenitic formation. They alternate with dense beds of the
type frequently met with in this formation. They might represent coarser epi-
clastic metasediments — perhaps some kind of arkoses. However, if the other
quartz porphyries would represent subvolcanic intrusions (see p. 33), it would of
course be possible that they might represent an admixture of tuffitic material,
indicating the first stages of volcanic activity. The high degree of metamorphism
and recrystallization makes it impossible to decide with certainty which of these
two possibilities is the most probable one.

DISCUSSION OF ANALYTICAL DATA

13 new full analyses of the rocks discussed in this paper are presented in Table 1.
We have also included the previous analyses published by Holmquist (6 ana-
lyses) and Stalhos (2 analyses). Our material was chosen mainly to determine
the characteristic chemical properties of the metasedimentary rock units (and
their closely bordering hilleflintas). The discussion is based mainly on the results
of the new analyses.

The new “full analyses™ have been completed by 6 new determinations of only
Ca0, Na,0, and K,O in samples from the hilleflinta-leptite group. The results
of these analyses are presented in Table 2.

Fig. 19 is a compilation of those Niggli symbols which are of interest for the
following discussions. They have been combined in certain groups in order to
refer the samples analyzed to their positions in the field (see explanation to
Fig. 19).

A conspicuous bedding is recorded both in the south-eastern and north-
western metasedimentary groups, where clearly contrasting light and dark beds
alternate. The analyses nos. 1—4, 18—19 and perhaps 16—17 represent pairs
of adjoining dark and light beds from the south-east. In the north-west the same
holds true for nos. 9—10, and, to a certain extent, nos. 7—S8. However, nos.
16—17 are according to Holmquist’s description from a locality where the divi-
sion into dark and light layers is very insignificant. The si values also differ only
slightly from one bed to the other. The more acid bed has surprisingly high values
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Fig. 19. Niggli values of different rock groups.

A = Metasediments on the south-eastern coast.

B = Tuffites on the north-western coast.

Metasediments on the north-western coast.

= Amygdaloidal hilleflinta north-west of Ut6 church.
E = Skarn-bearing leptite.

F = Porphyries from the south-eastern coast.

The numbers correspond to those of Table 1.
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of al, k, and especially of 7, which would indicate that this beds is more clayey
than the dark bed. The fact that we do not know the exact position in the field of
Holmquist’s material, neither the appearance of the rocks in hand specimens,
means that we cannot use this pair as an example of a metasediment with
clearly contrasting beds.

Analysis no. 2 represents an arenaceous mica schist from the border zone
between the graywacke division with graded bedding and the cross-bedded and
partly conglomeratic subgraywacke division. No. 3 is a light mica schist rich in
andalusite and situated close to nos. 1—4, no. 5 is a particularly cordierite-rich
mica schist from Farskarsudd, and no. 6 is an almandite-rich mica schist about
60 m NW of no. 5 (see the map, Fig. 1). Analyses nos. 14 and 15 are from
Holmquist (1910). No. 14 seems to represent a highly quartzitic meta-arenite,
and no. 15 would belong to the graywacke division.
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TABLE 1. Chemical analyses of Uto rocks. For localities, see p. 28.

1 2 3 4 5 6 7 8 9 10 11
Weight-%
Sio, 8215900 587~ 587 IS0 R= 5566 Sqog k68 724 5T 56 ()
TiO, 030505 906 080 0099 " 118 024 =04 017 085 090
ALO, 88 150" 200 194 A75 190 40 157 13F 154 159
FeD: 04 06 31 122 509 15 06 07 01 09 15
FeO 15 =23 35 49 66 R0 22 34 1.3 66 © 638
MnO 0.04:- 006 007 007 010 019 009 013 00l 015 015
Ca0O 124 3] 0.4 1230 =38 " 04 17 195 s 62
MgO 0.7 28 25 303 1.2 0 OR AT a0
Na,O 29025 060 27 230y L8 823 06T cokeiiong
K,0 D9 8804 a0 0 g e g aupel i g 19 99
H,0 >105 0.4 o g 15223 19520 10529 0
H,0 <105 - + +
P,0,
€O, 033 077
%
BaO 0:05 007 013 015 =007 0.06- 0:10 =009 - 0:107 - 003 10065
Sum 99.09 99.63 99.20 99.12 99.36 100.03 99.23 99.72 99.11 99.50 99.10
Cation-%
Si 79.7 673 - 578 564 5715 533 709 643 637 553 SA3
Ti 02704 - 404 0607 509 .02 2103 il 06 07
Al 0170 2332221 - 10815 16T 27 s 175 14D
Fed+ 0304523 09 07 L 005 01 0.7 1.1
Fe2+ e 285 pg an s ieagy 18 0y 10 > 53 559
Mn 0035004 00550050102 0101 =000 01 =0l
Mg H0 16 41 ~36 430 44 7e 2 1.1 63 58
Ca 12 039 04 12 A0 -39 04 E8 FO= 5506
Na 5 LAy D hie g nasg: s atel LR gy g
K Plasidio 74 61 3at ag g SRt Lags o oRE S ey
P
C 0.4 1.0
Ba 001 002005 °005 002 002 003 003 003 0061 06
Sum 99.9 100.0 100.0 100.1 100.0 100.0 100.0 99.9 999 100.0 100.1
Niggli values
al 421 403 453 419 353 %47 430 417 4pgi 085 %y
fm D4 2D.7- 363 - 32.9° 368301 040 oaq Ry L 410 a0
c 1065160 18 .49 44197 - 27 83315 1709 2900
alk 250: 130 166 010 1352135 2050 004 R0 g S5k
si 666.7 335.3 224.4 213.1 204.6 1722 423.4 297.5 400.9 180.3 169.4
k D2 04 °:09: 05 04 064 06 66 06 03 - 04
mg 04503 047 04 045 0404 64057 05 05
t 50674 968 159 74 86203 105 1% It 4a
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12 13 14 15 16 17 18 19 20 21 22

Weight-%

Si0, 6830 667 91.67 7399 78.0 594 8102

TiO, 041 038 015 013 037 064 013
3 157 an 14,47 103 214 = 10.90
el 01 03 an 0.43 040 078 042

FeO gk 33 070 191 273 471 096

MnO 0.03 0.04 0.01 0.05 0.3 0.05

Ca0 80 13 015 3:84°- 09 05 032

MgO 30 19 050 0098 o= Comii i Gi6R
Mot 71 =37 0y 286 26 1.8 038

K.,O 09 47 1.58 IS0 s 55 a6
H,0>10508 12 043 0515l D 9n T iy

H,0 <105 03 030

P,0, 0.04 0.13 0. 0.04 009 0.10 0.03

S 0.01  0.02 tr 0.01
BaO 002 -—0.08 0027 "tc . 008 tr 0.06 001 0.04

Sum 99.96 99.50 9991 100.18:100.16 100.17 10042 99.95 99.92 9995 99.79¢

Cation-%

Si 620629 908 J6 8. /a2 00 2 5Tl 795 638
Ti 0.3 0.3 0.1 0.2 0.1 0.1 0.3 0.5 0.1 0.3
Al 16.4 174 = di 3 65 e 62 a1l 240 20618

Fett 0.1 0.4 0.2 0.1 0.2 0.3 0.3 0.6 0.3 0.3
Fett 0.8 2.6 0.6 {2 0.5 1.4 22 3.8 0.8 1.8

Mn 802 0.03 000 0.04 0.04 0.02 0.04 0.1
Ca 29 1S 0.2 1.5 1.4 3.9 0.9 0.5 0.3 3.9
Na 12.5 6.8 0.3 53 2.5 53 4.9 34 0.7 1.2
K 1.0 3.7 2.0 135 3.7 1.4 2.7 6.7 4.6 Y
3 003 . 0.1 002 - 003 007 008 002 0.l
C

Ba 000 0.02° 000 0.03 Q.02 0.0

Sum 100:1° 1001 99.9° 9099 99,9 1002 .100.0. 1001999 999

Niggli values

al 359 308 460 - 411 577 440 395 480 553 429
fm 215 258 - 296 332 106- 168 286299 184 1B 2
c 12.8 6.1 3.1 10.8 98 212 6.3 2.0 3257180
alk 297 283 313 249 219 180 ~256 200232 209
si 2721 -286.7 7057 5586 5195 380.7 5080 2263 6972 2923
k 0.1 0.5 0.9 0.2 0.6 0.2 0.4 0.7 0.9 0.2
mg 0.8 0.5 0.5 0.4 0.5 0.5 0.4 0.4 0.5 0.5
t -6.6 3.3 216 3.5 26,0 4.8 226,02 =289 3.9

! Including 1.36 % C

|
Mg 4.1 2.7 0.7 1.4 0.8 1.4 7 a2 1.0 1.8
* Including 1.46 % C and 2.95 % FeS,
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Sample localities of Table 1

1. Meta-arenitic part of a graded bed. 200 m SW of Farskiarsudd. Cf. No. 4.
. Banded mica-schist. Innermost part of L. Sillvik.
3. Andalusite-bearing mica-schist. 200 m SW of Férskarsudd.
4. Meta-argillitic part of a graded bed. 200 m SW of Farskirsudd. Cf. No. 1.
5. Cordierite-bearing mica-schist. Farskarsudd.
6. Garnet-bearing mica-schist. Farskarsudd.
7. Biotite-rich, thin-bedded metasediment. L. Pershoimen.
8. Meta-arenitic bed in metasediment. L. Persholmen.
9. Light-coloured bed in tuffite. 300 m NW of Ut6 church.
10. Dark-coloured bed in tuffite. 300 m NW of Uto church.
11. Dark-coloured tuffite. 200 m WNW of Uto church.
12. Light, skarn- and lime-bearing leptite. W of Kyrkviken.
13. Amygdaloidal hélleflinta. 120 m NW of Uto church.
14. “Light gray, quartzitic leptite”. N of L. Sillvik. (Holmquist 1910, No. 15.)
15. "Dark leptite”. E of Restavik. (Holmquist 1910, No. 14.)
16. “Leptite”. The light part of the same bed as No. 17. Innermost part of L. Sillvik.
(Holmquist 1910, No. 7.)
17. “Leptite”. The dark part of the same bed as in No. 16. Innermost part of L. Sillvik.
(Holmgquist 1910, No. 8.)
18. “Dark fine-grained meta-arenite”. Between St. and L. Sillvik. (Stalhos 1969, p. 57, No. 1.)
19. “Fine-grained, phyllitic mica-schist”. Between St. and L. Sillvik. (StdlhGs 1969, p. 35,
No. 2.)
20. "Quartz-stained leptite”. Near L. Sillvik. (Holmquist 1910, No. 9.)
21. ”Schistose porphyry”. 300 m W of L. Sillvik. (Holmquist 1910, No. 11.)
22. ”Black hilleflinta”. The Spens mine. (Holmquist 1910, No. 6.)

The tuffites of the north-western metasedimentary belt are represented by
nos. 9—11 — the unit with clearly contrasting layers northwest of Kyrkviken.
Nos. 7 and 8 represent the Persholmen development of metasediments. Nos. 12
and 13 are from rocks characterized as hilleflinta and represent the transitional
zone towards the hélleflinta-leptite unit proper.

The analyses nos. 20 and 21 from Holmquist (1910) would, according to
the text, represent quartz porphyries. However, extremely high al, k and ¢ values
makes it very doubtful if the sample taken for no. 20 was really a quartz porphyry.
No. 21, on the other hand, seems to fit very well with a quartz porphyry if its
chemical and mineralogical composition is considered.

The pairs of contrasting beds from the south-eastern metasediment group,
nos. 1—4 and 18—19, have some significant features in common. In both cases
c and alk are higher in the light bed than in the dark one. On the other hand,
k is higher in the dark bed. Of particular interest is the fact that the ¢ values are
distinctly higher in the dark beds. All these features clearly indicate that the dark
layers contain abundant original clay material. It is noteworthy that the light
layers also display an excess of alumina, which could indicate that they too
contain some clay material.

The other analyses from the south-eastern metasediment group display fairly
varying Niggli values, though an excess of alumina is common to all. No. 3 is
a mica schist close to no. 4. In this case, however, muscovite is the clearly
dominating mica, which may account for the high & value. The cordierite-rich
and almandite-rich schists, nos. 5 and 6 respectively, are characterized by



29

SVECOFENNIAN STRATIGRAPHY ON UTO, STOCKHOLM ARCHIPELAGO

somewhat lower al values and somewhat higher fm values than the others, which
would be expected from their mineral compositions.

The pair nos. 9—10 differs significantly from the banded forms in the south-
east: fm is conspicuously high in the dark layer, c is higher in the dark layer, alk
is, however, lower. The k value is higher in the light layer, a trend opposite to the
relationsship in the south-east. The most striking difference comes out in the
t values, however. All the three analyses display a slight deficiency in alumina.

All these data clearly indicate a magmatic genesis. The light layer could
represent a rhyolitic composition, the dark layers an andesitic. The whole
sequence would then represent tuffs of approximately dacitic composition.
However, a slight mixing-in of epiclastic sedimentary material might have taken
place during the sedimentation.

The two analyses representing the Persholmen type” of the north-western
metasediment group, nos. 7 and 8, do not show any significant differences as
compared with the south-eastern metasediments. The high ¢ values are parti-
cularly interesting since metamorphic minerals such as andalusite and cordierite
are rare or absent. It seems very probable, however, that these rocks are meta-
morphic epiclastic sediments. They seem to represent a different sedimentary
facies from those in the south-east (no cross-bedding, no conglomerates).

The analyses of border hilleflintas in the north-west, nos. 12 and 13, display
some conspicuous variations, but fit very well with chemical compositions of
many leptites in central Sweden. The negative ¢ value in no. 12 can be explained
by the fact that the rock contains both skarn minerals and calcite.

Stalhos (1969, p. 60) has presented a very clear diagram in order to charac-
terize various rock suites from the southern Svecofennian belt, using for para-
meters the Niggli values of si and ¢+ fm. The same type of diagram was used by
Simonen (1953, Fig. 15). In Fig. 20 we have plotted all the analyses presented
in Table 1. The area indicated by broken lines is taken from Simonen (1953)
and Stalhos (1969). It is interesting to note that the three analyses of the Kyrk-
viken tuffitic metasediments (nos. 9—11) fall within this area, as do the border
hilleflintas (nos. 12 and 13) and the most reliable analysis of quartz porphyry
(no. 21). All other analyses fall within areas characterized by argillites and
arenites.

The analyses presented in Table 2 were taken to demonstrate the variations
of alkalies and calcium within the hilleflintas and leptites on Uto. In the Berg-
slagen area of central Sweden, contrasting Na and K leptites are frequently
known to have significant stratigraphic positions. The results from Table 2
and the analyses nos. 12 and 13 from Table 1 are summarized in Fig. 21. The
variations are surprisingly large. The quotient Na/K varies quite irregularly.
Analyses C and D are from specimens only 1 dm apart, and the analyses E and F
are also from specimens taken at close proximity.

The number of analyses is definitely too small to give a significant picture of
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parts of the same bed.

TABLE 2. Partial analyses of leptites and halleflintas from Ut (weight-% )

A B & D E F
CaO 3.5 0.2 0.3 1.5 16.1 2.8
Na,0 1.8 1.7 1.9 2.5 3.5 59
K,0 10.9 6.6 10.7 4.0 0.3 0.2
Cation proportions, recalculated to 100 %
Ca 5154 5 2.0 E7 14.0 70.7 20.5
Na 16.5 27.6 19.2 42.0 27.8 77.9
K 65.8 70.4 79.1 44.0 35 1.6
Sum 100.0 100.0 100.0 100.0 100.0 100.0
A. Grey leptite. 300 m NW of Rivstavik.
B. Reddish grey leptitic hilleflinta. 500 m NW of Rivstavik.
C. Light grey leptitic hilleflinta. 100 m N of the Silver mine.
D. Dark hilleflinta. 1 dm from sample C.
E. Light grey, skarn-bearing leptite. Road-cut 800 m SW of the wind-mill. Omitted in

Fig. 21.

F. Greyish white hilleflinta. 25 m N of sample E.



SVECOFENNIAN STRATIGRAPHY ON UTO, STOCKHOLM ARCHIPELAGO 31

Ca Ca
30 30
20 {+F A 20
+12 =+
+D
10 10
+13
+B +C
AV V2 V] v AV4 AV A2 M AVa

0 10 20 30 40 50 60 70 80 90 100
Na K

Fig. 21. Ca, Na and K proportions of leptites. Atomic proportions. A—E, F from Table 2;
12 and 13 from Table 1.

the alkali proportions within the hilleflintas and leptites of Uto, but they clearly
show that the quotient Na/K may vary considerably over short distances —
apparently even between adjoining beds. This quotient can therefore not be
used here in any kind of stratigraphic considerations.

SUMMARY

SURVEY OF THE MAIN STRATIGRAPHIC AND TECTONIC FEATURES

The rocks of the Uto area can be divided into four major groups, viz. the south-
eastern metasediment group, the hilleflinta-leptite group, the north-western
metasedimentary group, and the quartz porphyry group (Fig. 1). The lowest group
consists of pure, originally epiclastic sediments on the south-eastern coast. The
recorded primary sedimentary structures clearly show that this unit underlies
the hilleflinta-leptite group with its limestones, skarn, and iron ore. This meta-
sedimentary group has been subdivided into two formations. The lower one is
characterized by frequent graded bedding and is defined as mainly graywackes;
the upper one is often characterized by cross-bedding and conglomerates with
only occasionally graded bedding and is defined as mainly subgraywackes. This
indicates a certain change from deep to shallow-water sedimentation. Lateral
changes of sedimentary facies also occur, however. The thickness of the sub-
graywacke division varies considerably, and within its south-western part cong-
lomerates and cross-bedding seem to be absent or only occasional. However,
this impression may also be due to poorer exposures in the south-west.

The stratigraphic position of the “quartz porphyries” is not certain. There are
many indications that this rock has an intrusive character, and for this reason
Sundius claimed that the quartz porphyries ought to be associated genetically
with the older granites. Alternatively the quartz porphyries may be hypabyssal
intrusions — sills or sheets — representing the first pulses of magmatic activity
after the sedimentation of the subgraywackes and before the formation of the
hilleflinta-leptite group proper. As the hilleflintas and leptites have been inter-
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preted as acid volcanics, mainly tuffs, sometimes with scattered intercalations of
epiclastic sediments, such an interpretation would seem reasonable. The breccia
described on p. 9 (see also Fig. 2) might then represent a local erosional break
in the volcanic-sedimentary evolution. The fact that limestone is found fairly
abundantly as fragments shows that limestone had already been precipitated in
appreciable amounts when the breccia was formed.

One of the main purposes of our investigation was to determine the strati-
graphic position of the north-western metasediment group. It has been shown
that the epiclastic sediments differ in some respects between the south-east and
the north-west, that there was a characteristic volcanic activity in the north-west,
which has no counterpart in the south-east, and that the metasediments face
towards the north-west. All these facts clearly indicate that the Utd area is
characterized by a continuous sequence of supracrustal rocks, the uppermost
beds being the dacitic tuffs in the north-west. If the gneiss areas further towards
the north-west (the Sormland gneisses etc.) are also considered, it is evident that
the dacitic volcanic activity was followed by a new graywacke sedimentation
and probably also by basic magmatism.

The dominating tectonic feature within the Ut6 area is the large isoclinal fold,
apparently a part of a large drag fold. The northwestern part of this fold is cut
by a fault running NE-SW through Kyrkviken and between St. Angsholmen and
Uto. At Tallholmen this fault zone is exposed and appears as an intensely sheared
zone (mica schists with pyrite), in part breccia with angular fragments of peg-
matite, showing that the fault is of post-pegmatite age.

From the map (Fig. 1) it is clear that a north-south or north-westerly fault
also occurs between Bredholmen, St. Angsholmen, Kullholmen on one side and
the western shore of Kyrkviken—Nésudden on the other. The contact relation-
ships between leptite and metasediments as seen on the map indicate that these
movements had both a vertical and a horizontal component.

Bedding within the map area strikes mainly north-east, with steep dips
towards the north-west. The axis of the major fold plunges steeply towards the
south-west.

The relatively incompetent micaceous rocks in the south-east have often been
contorted and folded on a minor scale. The axes of these folds are vertical or
plunge steeply towards the south-west and it seems therefore very probable that
they are minor folds of the same generation as the major fold.

COMPARISONS WITH OTHER PORTIONS OF THE STOCKHOLM ARCHIPELAGO
Our investigation has covered only a very narrow section through the rock units
discussed. Of course it would be desirable to extend the present investigation
over the islands towards the south-west and north-east from Ut6. Sundius (1938)
published a map on which the large islands north-east of Utd were included
(Orn6, Namdo, Runmard). On this map he has characterized one rock type as
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a “banded series of diorite-porphyrite, augengneiss, aplite, etc.” From the
descriptions of Sundius, and also from field studies on northern Runmaré by
S. Gavelin, one gets the impression that these rocks represent bedded sediments
— pyroclastic as well as epiclastic. This position is also taken by Stalhos (1969),
when he discusses the Ornd area. In fact the photos presented by Stalhos (1969,
p. 92, Fig. 12) and Sundius (1938, pp. 52—53, Figs. 13—16) demonstrate rocks
which look very similar to those north-west of Kyrkviken (Figs. 15 and 16 in
this paper). Sundius (1947) discussed a rock type called “femic leptite”, which
occurs south-east of Runmard and Namndo. Its position in relation to the leptite
rocks seems to correspond with the south-eastern sediment group of Uto, but
most probably Sundius has also included rocks which, in the present paper, have
been referred to as skarn-banded and somewhat calcareous hilleflintas. A
thorough discussion of Sundius’ “femic leptites” and their probable occurrence
at Utd has been presented by Stalhos (1962, pp. 63—69).

The most instructive example for stratigraphic comparisons within the Stock-
holm archipelago is the area described by Th. Lundqvist (1962), situated 30—60
km north-east of Stockholm (the Ljustero-Svartloga area). In his summary
Lundqvist made some attempts to correlate his stratigraphy with that of Uto.
Since the stratigraphy of Ut6 was not clearly determined at the time of his publi-
cation he made many reservations, but most of his suggestions have been con-
firmed by the present investigation.

The oldest rocks within Lundqvist’s area were called “oldest leptites” but
were believed to represent metamorphic graywackes. They could therefore be
compared with the south-eastern metasediment group at Uto. The uppermost
division in Lundqvist’s stratigraphy is the limestone-bearing leptites, which can
be compared with the hélleflinta-leptite group at Uto with its limestones and iron
ore. In Lundqvist’s area these leptites are delimited towards the north by vast
granite areas and consequently the uppermost units from Uto-Sormland are not
exposed there.

However, the transition from the lowermost sediments (graywackes and sub-
graywackes) to the hilleflinta-leptite group contains many features of great
interest. In Lundqvist’s area the metagraywackes ("oldest leptites™) are overlain
by dacitic rocks — in part sedimentary tuffs or tuffites, in part massive dacites.
These rocks are overlain by polymict conglomerates and more fine-grained
metasediments. Lundqvist stated that many similarities exist between the
“quartz-stained porphyries” on Holmquist’s map of Ut6 and some of his acid
dacites, which might represent lava flows or very shallow intrusions. It is ques-
tionable as to whether Lundqvist’s metadacites on Svartloga can be defined as
typical dacites (69.4 and 72.2 % SiO, in two analyses). Holmquists’s analysis
of quartz porphyry from Uto (no. 21, Table 1) and the average of the three
analyses of dacite (not secondarily altered) from Lundqvist’s area (Tables 3,
5 and 6 in Lundqvist’s paper) are very similar (for example 68.3 % SiO,, Uto,



34 SVEN GAVELIN, INGMAR LUNDSTROM AND STIG NORSTROM

and 68.7 % SiO,, Lagno-Svartloga). The bedded tuffites north-west of Kyrkviken
have a somewhat divergent chemical composition, and they come closer to an
ideal dacitic composition (62—64.5 % SiO., the variations are due to the propor-
tions of dark to light rock beds).

If the comparisons between the Lagno-Svartloga area and Uto are valid so far,
it is interesting to note that the breccia on north-eastern Uto (cf. p. 9) lies in
exactly the same stratigraphic position as Lundqvist’s polymict conglomerates.

The attempt performed in this chapter to summarize our knowledge of the
geology of the whole Stockholm archipelago clearly shows that a new syste-
matic revision of the entire area is desirable. Most certainly one would then find
many examples of primary sedimentary structures which could contribute to
a better understanding of the main stratigraphic and tectonic features.

CORRELATIONS OF THE SVECOFENNIAN STRATIGRAPHY FROM
THE UTO AREA TOWARDS THE WEST AND EAST
By
Sven Gavelin

The Svecofennian belt in central Sweden and south-western Finland contains
two stratigraphic “key areas”. The eastern one is the famous Tampere area
described in detail by Simonen (1953), the western one is the Grythytte field
described by Sundius (1923). In both areas there occur low-metamorphic argil-
lites, sometimes graphite-bearing. Many attempts have been made to correlate
similar rocks between Grythyttan and Tampere, and the lithological similarities
between the meta-argillites in the two areas have frequently been taken as
arguments for correlations. Simonen’s new stratigraphic scheme differs markedly
from that of Grythyttan. The most conspicuous difference is that the meta-
argillites overlie the leptite group at Grythyttan, while they form the lowest unit in
the Tampere district, underlying the rocks which would have corresponded to
the leptites in Sweden.

In Sweden a series of metamorphic sedimentary rocks is situated about 80 km
north-east of the central Grythytte field and has been denominated as the
”Larsbo Series” by Hjelmqvist (1938). The metasediments vary in composition
but can be characterized as a graywacke suite. The upper portions of the series
contain metavolcanics of dacitic or andesitic compositions. The Larsbo meta-
sediments are also assumed to overlie the leptites.

The vast gneiss areas around and south of Stockholm are believed to have been
formed from approximately the same kind of sediments as those of the Larsbo
series. From descriptions and analyses presented by Stalhos (1962 and 1969) it
seems evident, however, that at least several portions of the Sormland gneisses
are more argillaceous than the rocks of the Larsbo Series east of Smedjebacken.
The Sormland gneisses seem to be continuous with the gneisses of the Ut area.
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In south-eastern Finland there occurs a belt of supracrustal rocks extending
mainly east—west. These rocks are generally high-metamorphic — frequently
they occur as gneisses — but certain stratigraphic successions have been recorded
at several localities. Simonen (1953, p. 41) has summarized the information avail-
able at that time and found that many rock units could be taken to correspond
to the rock units in the Tampere area: mica schist (graded meta-argillites) —
leptitic schists containing calcareous horizons — polymict conglomerates —
amphibolites (metabasalts).

In a later publication, Simonen (1960) has included results from Héarme,
Neuvonen, Salli, and Edelman and could verify the general trend of the strati-
graphic evolution as given in 1953. Salli (1966) has published a more detailed
paper on a part of the area, but with the same general stratigraphic trend as
published by Simonen 1953 and 1960. Edelman (1960) made an attempt to
correlate the stratigraphic columns from south-western Finland to central
Sweden. He also made an attempt to compile the results from south-western
Finland and recognized the following main divisions (from the top): 1. Upper
mica gneiss formation, 2. Basic zone, 3. Leptite formation. 4. Lower mica
schists formation. It is evident that this main division fits fairly well with the
Ut6—Sormland succession.

M. Laitala (1973) has presented a new description of the Pellinge area, situated
about 60 km east of Helsinki. Laitala’s three main stratigraphic units seem to
offer some analogies with Simonen’s stratigraphy from the Tampere area. Lai-
tala’s lowermost units are interpreted as metamorphic graywackes and arkoses,
frequently with graded bedding and cross-bedding. So far they seem to be very
similar to the lowermost metasediments on Uto.

Simonen (1960) has proposed a three-fold stratigraphic division of the Sveco-
fennian supracrustal rocks: Lower, Middle, and Upper Svecofennian. This
division was mainly founded on Simonen’s experience from the Tampere region.

On the other hand, the Utd area also exhibits a possible three-fold division,
but of a slightly different kind than Simonen’s. There are two very clear breaks
in the geological evolution: the fairly sudden transition from the south-eastern
metasediment group (with very subordinate calcareous beds and no iron ores)
to the hilleflinta-leptite group with abundant limestones and iron ores. This
sequence in turn changes abruptly upwards to the north-western metasediment
group. Simonen includes the leptitic rocks in Sweden and Finland in his lower-
most division. Starting from Sweden I would also propose a three-fold division
but would define the Upper Svecofennian supracrustals as represented by the
Grythytte, Larsbo, and Sormland sediments, whereas the Middle Svecofennian
supracrustals would be the leptite group with its limestones (or skarns) and iron
ores, and the Lower Svecofennian supracrustals would be the lower Uto meta-
sediments.

The Middle Svecofennian supracrustal sequence of central Sweden is believed



36 SVEN GAVELIN, INGMAR LUNDSTROM AND STIG NORSTROM

to consist mainly of metamorphic rhyolitic or quartz-keratophyric rocks. Dacitic
and andesitic volcanics are subordinate. In the south-western Svecofennian belt
of Finland the leptitic rocks have been interpreted as meta-arkoses. Simonen
also believes most of the leptitic rocks in the Tampere district to represent meta-
arenites, but he states that fine-grained rock types also occur which could be
interpreted as acid tuffs or tuffites. It seems most reasonable to correlate the
“leptites” in Sweden and Finland. This implies that the volcanic leptite facies of
the Grythyttan—Larsbo areas wedges out and almost disappears towards the
east. This tendency is also indicated by the small thickness of the leptites at Ut
as compared with the Grythyttan—Larsbo districts. This wedging out of the true
leptite facies of Sweden could account for the rarity of large-scale iron ores on
the Finnish side of the Svecofennides. Laitakari (1952, Fig. 1) considered only
three iron ores within the Svecofennian belt worth mentioning: Vikiniemi (20
km SW of Orijirvi), Ojamo (ESE of Orijirvi), and Jussard (in the southern
archipelago). They are all fairly small and represent very subordinate iron ore
mineralizations as compared with those of the central Swedish Svecofennides.

In an attempt to correlate the stratigraphic successions from south-western
Finland and central Sweden one must remember that the volcanic portion of the
Swedish leptites may have been exaggerated in earlier publications. Both Gor-
batschev (1969) and Wikman (1972) state, that epiclastic metasediments — in
part arkoses — occur within those units which have been mapped as “leptites”
in the Orebro region. Geijer (1967) discussed the environmental conditions
during the leptite period and stated that basins must have existed where normal
epiclastic sediments could form. The Larsbo metasediments were also charac-
terized as "leptites” prior to Hjelmqvist’s investigation.

The detailed correlation of the upper Svecofennian supracrustal sequence is
not clear, but the most characteristic features are common over large distances.
The vast paragneisses of east central Sweden contain abundant amphibolites,
which may correspond to some of the basic volcanics in Finland. However, the
intensity of basic volcanism in the Upper Svecofennian supracrustal sequence
as defined by me, must have varied between different parts of the Finnish-
Swedish belt. Both in the Tampere area and in the Pellinge regions, the upper-
most part of the stratigraphic columns are represented by thick sequences of
basic volcanic rocks.

The Lower Svecofennian supracrustal sequence can be followed from Finland
to Utd on the Swedish side, but further towards the west this stratigraphic unit
has not been recognized with certainty.

The distribution and facies developments of the Upper Svecofennian supra-
crustal sequence in central Sweden have been presented in the compilation of
the central Swedish iron ores by Geijer and Magnusson (1944, Tavl. 1 and 2).
As far as the metasediments of the Grythyttan—Saxa—Stollberg—Hillsjo—
Stilldalen—Guldsmedshyttan areas are concerned there seems to be little doubt
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about their stratigraphic positions as related to the leptite rocks — the lithological
evolution is very similar in all cases. In Geijer-Magnusson, Tavl. 2, a small belt
of schists of ”Grythytte type” is indicated about 10 km north-east of Orebro.
This area has been remapped and the results discussed by Gorbatschev (1969)
— the eastern part of the belt (called the Glanshammar area), and Wikman
(1972) — the western part of the same belt (called the Rinkaby area). Both
authors found the same lithological succession: leptite with limestone — banded
“leptite” — black (graphitic) schists — mica schists. This sequence fits very well
with that of the Grythyttan area. The banded “leptite” of the Glanshammar—
Rinkaby area would then correspond to the graywacke unit of Grythyttan. Both
Gorbatschev and Wikman believe the banded leptites to represent both meta-
volcanics and epiclastic metasediments.

These new contributions to the geology of the Svecofennian zone in central
Sweden fill a gap in our knowledge of the stratigraphy and facies changes.
However, concerning the Glanshammar—Rinkaby zone, Gorbatschev and Wik-
man disagree as to the main stratigraphic sequence: Gorbatschev believes the
argillaceous metasediments to underlie the leptites” (quartz-feldspar rocks)
with limestone beds, while Wikman takes the opposite position. Wikmans inter-
pretation would agree well with the stratigraphy of the Grythyttan—Sax& areas.
The graywackes of Grythyttan—Saxa would then correspond to the laminated
or banded leptite” of the Glanshammar—Rinkaby sequence. It is noteworthy
that Sundius recorded clearly volcanic ash structures in intercalations in the
graywackes of Grythyttan. In my opinion the stratigraphic position of the
graphitic meta-argillites in the different areas is worth particular attention. Such
rocks are missing in the Lower Svecofennian supracrustal sequence of Uto and
southwestern Finland. However, graphitic meta-argillites seem to be absent also
in the Upper Svecofennian supracrustal belts between Grythyttan and the Glans-
hammar—Rinkaby zone.

Wikman points out that Gorbatschev’s interpretation of the stratigraphy, at
least in part, is founded on the occurrence of cross-bedding and graded bedding,
showing facing directions, but that such observations are sparse and that isoclinal
folding on a small scale may obscure their validity for regional stratigraphic
interpretations. Gorbatschev also emphasizes that his interpretation is “’tentative”
(Gorbatschev, pp. 488 and 530). He also makes the very important remark
(Gorbatschev, p. 530) that if the meta-argillites should overlie the leptites, a lower
division of epiclastic metasediments must exist, which in part are developed as
polymict conglomerates. One of these conglomeratic beds has a very wide lateral
distribution. Could these meta-rudites and some meta-arenites represent the
Lower Svecofennian supracrustals of Utd — here probably alternating with
meta-volcanics of the leptite type? In such a case the ’main conglomerate” of
Gorbatschev could represent the western shore line of the basin where the Lower
Svecofennian sediments were deposited.
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A B C

The Grythyttan— Saxa areas  The Larsbo area The Glanshammar— Rinkaby
area

Upper Svecofennian supracrustal sequence

Gray meta-argillites Graywackes, subordinate Mica schist, meta-arenite

Graphitic meta-argillites conglomerates, intermediate  Graphitic schist/slate

Graywacke Spilites and basic volcanics in Laminated or bedded “leptite”

1000—1500 m thick the upper strata (pyroclastic and epiclastic
Probably very thick metasediments)

Middle Svecofennian supracrustal sequence

The hilleflinta-leptite group  The hilleflinta-leptite group  Leptites with limestone

with limestone, skarn and with limestone, skarn and
sedimentary iron ore sedimentary iron ore
3 500—5 000 m thick Probably very thick

Lower Svecofennian supracrustal sequence

Not observed Not observed Conglomerates, alternating
pyroclastic and epiclastic
metasediments, in part for-
ming a transitional zone to
the leptites with limestone
above

Fig. 22. Survey of stratigraphic rock units from the Svecofennian belt through central Sweden
and south-western Finland. The presentations in the various columns are founded on: A,
Sundius (1923), Magnusson (1925); B, Hjelmqvist (1938); C, Gorbatschev (1969), Wikman
(1972); D, Magnusson et al. (1960) and the present paper; E, Simonen (1953) and Edelman
(1960) see also references in these papers; F, Simonen (1953). (Column C is tentative since
interpretations of the stratigraphy in the two publications are controversary, see discussion on
pp. 371 —38)

The new results from the Glanshammar—Rinkaby area must be considered
with reservation. I have followed Wikmans interpretation, also believed possible
by Gorbatschev, as it seems to offer a very plausible explanation of the evolution
from the Grythyttan field in the west to Finland in the east.

Fig. 22 is an attempt to summarize and compare the stratigraphic sequences
from some well-examined areas of the Svecofennian belt through south-western
Finland and central Sweden. Very obvious differences between the western parts
in Sweden and the eastern parts in Finland seem to exist.

The figures given for thickness of the various units at Grythyttan are of course
very uncertain. The lower metasediments at Utd are bordered towards the south-
east by granites (according to Holmquist’s map). The distance between the
boundaries towards granite on one side and the hilleflinta-leptite unit on the
other amounts to 1 600 m (if the quartz porphyry is excluded). Because of the
frequent repetitions by drag-folding, this figure is certainly too high for the
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D E F

The Uto and gneiss area South-western Finland The Tampere area
south of Stockholm

Upper Svecofennian supracrustal sequence

Paragneisses, formed from Upper mica schists or Basic volcanics
mainly argillaceous gray- gneisses with amphibolites More than 1 000 m thick
wacke sediments with Basic volcanics Conglomerates and asso-
abundant amphibolites (on Probably very thick ciated beds of sedimentary
the mainland), metasubgray- rocks
wackes and dacitic 700 —800 m thick
metatuffites (Ut0) Basic and intermediate
Very thick volcanics
800—1 500 m thick
Totally more than 3 000 m
in thickness

Middle Svecofennian supracrustal sequence

The hilleflinta-leptite group  Leptites (mainly arkoses Quartz-feldspar rocks
with limestone, skarn and with limestone) (arkoses, graywackes and
sedimentary iron ore (Ut0) pyroclastics)
Approximately S00 m thick 1 500—2 000 m thick
Lower Svecofennian supracrustal sequence
Metamorphic graywackes Lower mica gneiss Varved sediments (graywacke
and subgraywackes (Ut0) argillites, sometimes
More than 1200 — 1600 m thick graphitic)

More than 3 000 m thick

thickness of the unfolded sequence, which could be estimated at 1 200—1 500 m.
This must represent a minimum value since no lower boundary is visible.

The thickness of the hilleflinta-leptite group has been estimated at about
500 m from Holmquist’s map.

The available portions of the north-western metasediments would represent
about 300 m for the Persholmen subgraywackes and more than 1000 m for
the dacitic metatuffites, possibly with intercalations of epiclastic metasediments.
Since these tuffites must have been overlain by very heavy masses of various
graywacke sediments, the total thickness of the uppermost unit must be very
large.

In the Grythyttan and Saxa areas the hilleflinta-leptite units ought to be very
thick; 3 500—S5 000 m seem to be a reasonable minimum value. For the upper
division of metasediments at Grythyttan Sundius estimated the thickness at
about 1 000 m. From the maps it seems probable that this value can be increased
to a certain extent.

No definite figures are quoted in Fig. 22 for the Glanshammar—Rinkaby area.
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Gorbatschev’s compilation (Gorbatschev 1969, Fig. 4), however, gives a general
impression: The Upper Svecofennian supracrustal sequence would exceed
1500—2 000 m. The thickness of the Middle Svecofennian supracrustals is
difficult to estimate, depending on whether the leptites on both sides of the “main
conglomerate™ correspond stratigraphically or whether the diagram represents
a continuous evolutionary sequence. The thickness of the “leptite” group,
however, lies between that of the Grythyttan—Sax4 areas and that of Uto. The
exposed portions of the Lower Svecofennian supracrustals (the epiclastic meta-
sediments) seem to be fairly thin and probably interchange with rocks of the
“leptite” type.

The geological evolution of the Svecofennian area of south-eastern Finland
and central Sweden appears as follows: In the east the evolution started by
geosynclinal sedimentation, at least in the Tampere area. South of Tampere we
find more shallow water facies (Pellinge), and the same holds true for Utd,
Lagno and Svartloga. Further towards the west (from Uto) these sediments
probably wedge out. The interpretation chosen for the stratigraphy of the Glans-
hammar—Rinkaby area could imply that the geosyncline or basin where the
Lower Svecofennian sediments were deposited was bordered towards the west
by the lower Glanshammar—Rinkaby metasediments.

It is reasonable to assume that the lower portions of the Grythyttan—Saxa-
faltet leptites were formed contemporaneously with the oldest sediments in the
east. This would mean that sedimentation in the east corresponds to acid volca-
nism in the west. During further evolution the acid volcanism dies out towards
the east and is replaced by arkosic sedimentation. Limestone was precipitated
during that time both in the eastern and western parts of the Svecofennian belt.

This combined volcanic-sedimentary activity was then succeded by repeated
sedimentation and intense intermediate and basic volcanism. Conglomerates of
considerable thickness were formed especially in the eastern parts of the Sveco-
fennian belt. The basic volcanism was particularly extensive in the eastern and
north-eastern Svecofennides of Finland.

The general picture as presented above must of course be considered some-
what hypothetical and still insufficiently proved, but it may serve as a basis for
further discussions and planning of additional field research.!

! After having completed this manuscript I received a publication by G. Stdlhos (1975),
“Description to the map of solid rocks, Nyképing NO”, SGU Af 115, where a stratigraphic
sequence is presented which in the main is very similar to that of the Ut area. In his Table 8,
p. 82, Stilhos has summarized the main stratigraphic features: A middle sequence of leptites
and limestones which is here fairly thin and probably wedges out towards the east. Above
and below this sequence (= Middle Svecofennian in my presentation, Fig. 22) there occur
metasediments which means that both “Upper” and “"Lower Svecofennian” in my strati-
graphic proposal ought to be present in the area mapped by Stalhés.

The metasediments as described by Stilhds are high-metamorphic and appear as veined
gneisses. From Stalhos’ presentation it now seems probable to me that the veined para-
gneisses south and south-east of Stockholm (mainland in column D, Fig. 22, in this paper)
may represent both the "Upper’ and "Lower” metasediments as defined by me.
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APPENDIX
GUIDE TO EXCURSIONS ON UTO

On Holmquist’s map (1910, P1. 38), which represents the central part of the map-
ped area in this investigation, a number of suitable excursion localities (Nos.
I—IX) have been presented. In the guide to the excursions A28 and C23 con-
nected with the International Geological Congress 1960 (S. Gavelin and P. H.
Lundegardh, 1960, pp. 15—16) several excursion localities were presented and
discussed. During our field work a number of new interesting localities have been
recorded and additional information obtained for some of the older ones. The
positions of localities recommended in this appendix are marked on the map,
(Fig. 1). For future excursions it is advisable, however, to combine our guide
with those of Holmquist (1910) and Gavelin-Lundegardh (1960).

However, it should be mentioned that some of the previous objects are not
now accessible. Thus, for example, are the bigger open pits of the old iron mines
now surrounded by a fence. The specimens of the lithium pegmatite which were
previously available in small lumps close to ”"Gruvbryggan™ (“’the Mine bridge”)
are now scarcely to be found any more.

A. Walk from “Gruvbryggan” (loc. no. 1) to Lilla Sillvik (loc. no. 2 = Holm-
quist no. IIT).
One first crosses the limestone-bedded hilleflinta-leptite group.

Point 1 a: A stone wall to the left of the road where various types of quartz- and
skarn-banded iron ores can be studied. More recently a description of the ores
and wall rocks has been presented by N. Pilava-Podgurski (1966), an investi-
gation mainly founded on material from new drill holes.

Point 1b: More low-metamorphic ore, consisting mainly of very beatiful jasper-
banded hematite ore, was encountered during an underground prospecting cam-
paign in the north-eastern part of the ore field. Specimens of the jasper-banded
ore could at least in 1974 be studied in lumps around the shaft. (It is advisable
to visit this locality on the way back from point 2.)

Point 1c: Some small road cuttings with fine-bedded halleflinta, sometimes with
skarn layers. From the main road one has to follow the fence towards the south-
east.

Point 1d: When crossing the ore layer one can recognize the pattern of drag-
folding along vertical axes (linear structures at the walls of the open pits and the
winding outlines of the pits).

Point 1e: Small flat outcrops in the road, where one can observe the first stages
of skarn formation, i. e. amphibole needles occurring in a white calcareous
groundmass.

On the path further towards the south-east one passes conspicuously layered
hilleflintas with skarn followed by quartz porphyry. The most typical exposures
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of this rock are found on the ridge of the hill descending towards the shore of
L. Sillvik.

Point 2: Cross-bedding and conglomerates in the meta-arenites of subgray-
wacke type. Layered metasediments with discordant schistosity also occur.

B. Walk along the south-eastern shore of Révstavik to Farskidrsudd.

Point 3a: Graded bedding (Figs. 6 and 7). Large andalusite porphyroblasts in
the originally argillaceous beds.

Point 3b: Folded graded metasediments with abundant cordierite in the meta-
argillite beds, which also frequently display a discordant schistosity (Fig. 9).

Point 3c: Heterogeneous deformation: High-competent meta-arenite beds are
here broken up and occur as fragments in the meta-argillites (cf. Gavelin—
Lundegardh 1960, Fig. 4).

Point 3d: Siliceous mica schist with abundant almandite. If one wishes to extend
the excursion towards the north-west the following localites can be recommended.

Point 5: Graded metasediments, beautifully folded. About 200 m towards the
north-east, on the northern shore of St. Sillvik, conglomeratic beds with cross-
bedding (Fig. 12) are found.

Point 6: Beautiful cross-bedding, in part conglomeratic (Fig. 11).

Point 7: The breccia as exemplified by Fig. 2.

C. South-east of L. Sillvik.

Point 4: The best example of quartz porphyry with xenoliths is found here
(Fig. 18). This locality can be reached by walking along the shore from Ravstavik
or by following the road towards Kiaringniset and walking towards the shore.

D. Excursion on the north-western, epiclastic metasediments.

Point 9a: St. Persholmen is reached by a little bridge.

At the south-eastern point of the island occur bedded meta-arenites (Fig. 14),
in part also meta-argillites.

Point 9b: Walking to the north-western point of the island one passes the tran-
sition from these metasediments into veined gneisses on the north-eastern part of
the island. From here one may alternatively extend the excursion by following the
shore towards the north-east and once more cross the transitional zone from
gneiss to better preserved metasediments.

E. Excursion to the pyroclastic metasediment north-west of Uto church.

Point 8a: Limestone and light-gray hilleflinta. Similar fine-layered hélleflintas
can also be studied around the church.

Walking from point 8a to point 8b one first crosses amygdaloidal halleflinta,
followed by gneisses, probably formed from metasediments similar to those at
Persholmen.
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Points 8b and 8c: Conspicuously bedded rocks occur here. The dark beds gene-
rally contain abundant phenocrysts of plagioclase (Figs. 15 and 16). A short
distance towards the north-west the transformation of these metatuffites into
veined gneisses can be studied.
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