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ABSTRACT

Rodhe, Agnes, 1987: Depositional environments and lithostratigraphy
of the Middle Proterozoic Almesakra Group, southern Sweden. Sveri-
ges geologiska undersokning, Ser. Ca, No. 69, pp. 1—80. Uppsala
1987.

The Middle Proterozoic Almesakra Group was deposited upon
a predominantly granitoid Early Proterozoic basement in south-
ern Sweden, southeast of Lake Vittern. Approximately 1000
Ma ago the sedimentary sequence was intruded by concordant
dolerites. Five formations have been distinguished in the Almes-
dkra Group, here named from base upwards: the Marback For-
mation, the Nissjo Formation, the Forserum Formation, the
Branteberg Formation and the Storekvarn Formation. The Mar-
béack Formation underlies the Nissjo Formation in eastern areas
where it locally separates the latter from the basement. The Nas-
sj0 Formation is overlain in the north by the Branteberg Forma-
tion, in the southwest by the Storekvarn Formation. Erosional
and angular unconformities separate the Nassjo Formation from
the two overlying formations and probably from the underlying
Marbick Formation. In the northwestern part of the Almesakra
Group, the Storekvarn Formation probably overlies the Brante-

berg Formation conformably, but a lateral transition is also pos-
sible. The Forserum Formation overlies the basement in the
westernmost areas and is probably coeval with part of the Nissjo
Formation.

Owing to extensive cover by dolerite sills and Quaternary
deposits, and also to complex faulting, no further stratigraphic
subdivision of the Almesakra Group has been possible. The
thickness of the group is estimated to ¢. 1200 m.

The main lithology of the Almesakra Group is feldspathic are-
nitic sandstone. Argillites and conglomerates are relatively
subordinate. A number of depositional sedimentary facies and
facies associations have been distinguished chiefly by sedimen-
tary structures and textures.

The Marbiack Formation (probably not exceeding 50 m)
comprises grey quartzitic sandstones, often brecciated, and red
quartz arenites, mostly well-preserved. The red quartz arenite
lithofacies is interpreted as having been laid down in a shallow-
water, in part aeolian desert, environment. The Nissjo Forma-
tion (at most ¢. 1000 m thick) represents a fluviatile-lacustrine,
possibly deltaic environment, characterized by laminated argil-
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lites, fine-grained sandstones and, locally, by conglomerate-
bearing sandstones. A fluviatile association of sandstone and
conglomerate dominates the Forserum Formation (c. 300 m
thick). Palaeocurrents in the Nissjo and Forserum Formations
flowed mainly northwestwards.

The Branteberg Formation (c. 150—200 m thick) represents
a distal alluvial fan environment characterized by basal coarse
conglomerates interbedded with fine conglomerates and thin
argillites. This association passes gradually upwards into trough
cross-stratified sandstones. Palaeocurrents in the Branteberg
Formation flowed in westerly and locally in southerly direc-
tions. The Storekvarn Formation (at least c. 200 m thick) con-
sists predominantly of grey quartzitic sandstone. The sandstone
is locally interbedded with conglomerates indicating a fluviatile
depositional environment. As in the Néssjo and Forserum For-
mations, palaeocurrents in the Storekvarn Formation flowed
northwestwards.

The compositions of the sandstones and their variational
trends indicate that granitic rocks were dominant initially in the
source areas of the Branteberg Formation, whereas metavol-
canic rocks dominated those of the Néssjo Formation. The clast

compositions of most conglomerates in the Almesakra Group in-
dicate that the source areas also comprised unmetamorphosed
sedimentary rocks; fragments of the latter are also present in the
sandstones of particularly the Nissjo Formation.

The main diagenetic minerals of the Almesdkra medium-
grained sandstones are quartz, hematite and calcite; minor K-
feldspar cement occurs widely. A relatively large average pre-
cement porosity in the quartz-cemented Storekvarn sandstones
suggests that most of the cementation of these beds had been
completed beneath an overburden of less than 500 m.

The present distribution of the Almesdkra Group is largely
controlled by faulting. Major high-angle faults are mainly orien-
ted N—S, NE—SW and NW—SE. Dips of bedding are usually
gentle to moderate except where close to fault zones. Folds in
the sedimentary rocks and dolerites are commonly open and up-
right except near faults and/or in argillite-dominated units. Mo-
vements on the faults appear generally to have been normal;
however, both reverse and strike-slip faults have been observed.
Locally, in association with the NE-trending faults, there is evi-
dence of thrusting.

INTRODUCTION

Historical background. — The Almesakra Group is a
sequence of Middle Proterozoic fluvial sedimentary rocks
deposited on the crystalline basement to the southeast of
Lake Vittern in southern Sweden. The basement consists
predominantly of the so-called Sméland-Virmland belt of
granitoids (Gorbatschev 1980). Grey or red sandstone and
argillites together with conglomerates are the most impor-
tant components of the Almesdkra sequence. The sedi-
mentary rocks have been contact-metamorphosed by dole-
rite intrusions but are otherwise unmetamorphosed.

Precambrian sedimentary rocks of similar continental
type occur widely in Scandinavia and are generally intrud-
ed by dolerite. They are post-orogenic in relation to the
Svecokarelian orogeny. This crust-forming event termi-
nated c. 1750 Ma ago. The intrusion of mafic sills follow-
ed by subsidence along faults has contributed to the pre-
servation of the sedimentary cover which together with
the dolerites has been termed the Jotnian system or
complex (Lundegérdh 1964, Lundgvist 1979, Sederholm
1897).

The time of the Jotnian sedimentation is bracketed be-
tween a lower limit of 1600 Ma (Gorbatschev and Gaal
1986) and the time of the intrusion of the dolerites. The
Rb-Sr ages of the dolerites are between 850 and 1000 Ma
in southern Sweden and between 1000 and 1250 Ma in
central Sweden (Patchett 1978).
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Jotnian complexes in Sweden have been described by
Asklund (1934 and 1939, Givle sandstone), Gorbatschev
(1967, Givle sandstone), Gorbatschev and Kint (1961,
Milar sandstone), Hjelmqvist (1966, Dala sandstone),
Olivecrona (1920, Dala sandstone), Sobral (1913, Nor-
dingra sandstone) and Lundegardh (1967, Givle and Dala
sandstones). Comprehensive but partly obsolete reviews
of the Jotnian have been written by von Eckermann (1937)
and Magnusson et al. (1963).

The Almesakra Group has been regarded as the south-
ernmost remnant of Jotnian sedimentary rocks in the
Fennoscandian Shield. Almesakra rocks are tectonically
more disturbed and richer in argillites than other Jotnian
sequences. As such the group appears to have an exceptio-
nal position in the Jotnian. These differences as well as the
age and regional distribution of Almesakra sedimentation
have been discussed for a long time.

The earliest description of Almesdkra sedimentary
rocks, based on field observations, was published by Na-
thorst (1879) who believed the ’’sparagmites’’ south of
Lake Vittern to be Cambrian. Nathorst’s main interest
was in recognizing ancient weathering in basement rocks
underlying sedimentary deposits. He considered that in-
tense weathering of the peneplaned basement had preced-
ed the deposition of the Lower Cambrian basal sandstones
laid down during a period of marine transgression in Scan-
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dinavia. This hypothesis was supported, so he thought, by
the composition of some Almeséakra conglomerates. Na-
thorst’s views influenced later interpretations of the
Almesakra conglomerates and of the Jotnian rocks in
general.

Around 1870 reconnaissance mapping of southern Swe-
den by the Geological Survey of Sweden started and maps
to a scale of 1:200000 were published between 1877 och
1892. These maps which show the main rock outcrops as
well as various Quaternary deposits are still the main
source of information on the bedrock in this part of Swe-
den. Stolpe (1892), whose map included most of the
southern part of the Almesakra region, suggested that the
argillitic sandstones found here belonged to the basal part
of the Almesakra sequence. He also noted their arkosic
character and suggested that they had been derived from
weathered crystalline basement. Later, Hedstrom (in
Munthe and Gavelin 1907; 1917) and Gavelin (1912)
mapped the remaining parts of the Almesikra Group on
the scale of 1:50000.

According to Hedstrém (1907, 1917) the sedimentary
rocks that rest directly on the basement appear always to
be ’’quartzites’’. However, in some parts of the area he
was puzzled to find coarse arkosic sandstones close to the
basement, but believed that they rested on unexposed sub-
jacent *’quartzites’’ (Hedstrom 1917). When mapping the
sandstones farthest to the west, Hedstrom (1907) studied
a folded part of the sequence and made a rough sketch of
the section. He stated, however, that the lack of conti-
nuous exposure and the abundance of faults precluded all
but local evaluation of the bedding attitudes. Hedstrom
(1917) distinguished between ’’quartzite’’, apparently
lacking clastic texture, and various kinds of '’quartzitic
sandstones’” which displayed such texture. In the latter he
found a matrix or cement between the detrital grains and
varying amounts of ’’sericitic’’ or ’’kaolinized’’ feld-
spars.

The early geologists, whose main concern was with the
dolerites, discovered rounded quartzitic xenoliths in seve-
ral dolerite dykes to the east of the Almesakra Group.
Eichstidt (1885) examined the composition and texture of
these xenoliths which he was able to correlate with the
quartzitic pebbles found in the Almesakra conglomerates.
A discussion by many influential Scandinavian geologists
followed upon Eichstddt’s work (1885) concerning the
origin of these xenolith-bearing dykes. Attention was
drawn to the general problems of the Almesékra Group
(cf. Geologiska Foreningen, Stockholm, 1885; see also
Sederholm 1927, Magnusson et al. 1963, Berg-Lembke
1970, and others). An important inference from the dis-
coveries was the idea of a wider occurrence of Jotnian

sedimentation to the east of the Almesdkra Group. The
discovery of similar xenolithic dykes also along the south-
eastern coast of Sweden (Blomberg 1900, cf. Wiklander
1974), one of which carries abundant sandstone xenoliths,
suggested that the Almesakra Group had once covered all

of southeastern Sweden.
Another point of discussion was the near absence of

conglomerate fragments and conglomerate matrix in the
xenolithic dolerites. This was taken by Eichstadt (1885)
and others to signify that the Almesakra conglomerates
had either been disintegrated or were poorly consolidated
at the time of dolerite intrusion. The latter hypothesis be-
came the accepted one. The short time lapse inferred be-
tween sedimentation and the emplacement of the dolerites
led to the opinion that the Almeséakra rocks were younger
than other Jotnian sandstones (cf. Lundqvist 1979). How-
ever, Hedstrom (in Hogbom et al. 1910) maintained that
the dolerites could have been intruded into consolidated
conglomerates, the magma digesting most of the ’’gritty
loose, brittle’’ conglomerate matrix while entraining the
quartzitic clasts.

Eichstadt (1885) had found that the pebbles of the Al-
mesakra conglomerates were jointed and faulted similarly
to the xenoliths in the dolerites, which led attention to the
tectonic aspects of the Almesakra Group. Gavelin (1931)
made important observations concerning faulting and
folding in the argillitic sequences previously mapped by
Stolpe (1892). He discovered a remarkable instance of
thrusting of granitic basement rocks over sandstone and
suggested that the direction of the thrusting was from the
west.

Later, Martin (1939) studied the deformation of the
Almesakra rocks and their basement as part of a large-
scale, probably rotational deformation of the whole of
southern Sweden. He suggested that the rocks in question
had been thrust from the northeast. In the late 1960’s
Gorbatschev and Vessby concentrated their fieldwork on
sedimentological and structural aspects. The discovery of
several small basement inliers and of previously unknown
red arkosic sandstone were among the results which re-
mained unpublished, some of them, however, referred to
in a brief survey of the Jotnian (Gorbatschev and Collini
1978).

Various attempts have been made to subdivide the Jot-
nian “’period’’ and correlate the Jotnian rocks. Sederholm
(1927) suggested that the lowermost part of the sedimen-
tary sequence was formed during a Jatulian (Early Prote-
rozoic) period of sedimentation. This proposal, which
presumed an unconformity within the Almesakra Group,
was rejected by certain Swedish geologists (Asklund
1927, see also Hogbom 1909). Based on observations of
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minor erosional discordances in the westernmost
conglomerate-bearing sandstones, Gavelin (1931) infer-
red the existence of an unconformity below these conglo-
merates which he considered to be uppermost in the sequ-
ence. He believed that the predominance of quartzitic
clasts in the conglomerates was due to their intraforma-
tional character, i.e. the tectonic disturbance of the Al-
mesakra Group was thought to be largely syn-sedimentary
and pre-intrusive. In his authoritative treatise on Swedish
geology, Magnusson (in Magnusson et al. 1963) presents
a general ’’stratigraphy’’ of the Almesédkra sedimentary
sequence (referred to as a formation) based largely on
Gavelin’s (1931) work. Koark (1970) presented a summa-
ry of these relationships. Gavelin’s tectonic and strati-
graphic conclusions were based, as he himself points out,
on a rather brief study of some parts of the sequence.
Nevertheless, they contributed to the general opinion that
the Almesdkra Group had been intruded by dolerites du-
ring a very early stage of consolidation. Later, Gorbat-
schev and Collini (1978) apparently presumed but did not

explicitly propose a discordance between the south-
westernmost quartzitic and the underlying argillitic sand-
stones.

Aims of the present study. — The purpose of this study is
to provide an interpretation of the depositional facies and
palaeo-environments of the Almesikra sedimentary se-
quence, and to present a lithostratigraphy for the Almes-
akra Group. These objectives required detailed re-
mapping and the use of modern quantitative field meth-
ods. A more detailed stratigraphic subdivision of the
Almesdkra Group was not possible, owing to the low de-
gree of exposure, the complexity of faulting and the cover
of dolerite sills.

Estimating the mineral composition of the detritus of the
different lithofacies has served to distinguish source areas
and to suggest distribution patterns for the sediments. For
all petrographic work standard optical methods were
mainly used. X-ray diffraction was employed in some
cases.

THE STRATIGRAPHY OF THE ALMESAKRA GROUP

GENERAL ASPECTS

Geological setting. — The sedimentary rocks of the Al-
mesakra Group occur southeast of Lake Vittern (Fig. 1,
Fig. 2). The area is located about 30 km east of the Proto-
gine Zone, a belt of steep shear zones that traverses south-
ern Sweden. The Protogine Zone separates the predomi-
nantly Gothian rocks (1800—1500 Ma) in the gneiss do-
main of southwestern Scandinavia from the Svecokarelian
Orogen (c. 2000—1750 Ma) in the east. The basement
rocks beneath the Almesakra Group comprise mainly gra-
nitoids and related acid prophyries of the Early Protero-
zoic Trans-scandinavian Granite-Porphyry Belt formed in
the western boundary zone of the Svecokarelian Orogen
1800—1650 Ma ago (Gorbatschev 1980, Gorbatschev and
Gadl 1986). Minor belts of Svecokarelian meta-supra-
crustal basement rocks trending WNW—ESE also occur;
in a few places, the Almesdkra Group sediments rest
directly on these units.

Outcrops of the Almesakra sedimentary sequence occur
in a narrow tongue — the Ralangen area — running north-
wards to the approach of Tranas and the roughly triangu-
lar Spexhult area extending southwards from around Nas-
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sjo (Fig. 1). The latter area includes the downfaulted For-
serum subarea in the northwest and extends as far as Lake
Almeshult to the northeast. The Forserum subarea is deli-
mited to the east by a fault that exposes the basement, and
to the southeast by dolerite.

The Ralangen and Spexhult areas together comprise an
area of ¢. 300 km?, roughly 100 km? of which are occu-
pied by dolerites intruded into the Almesékra Group and
its basement approximately 1000 Ma ago (Patchett 1978).
The dolerite intrusions usually occur as sills. Later tecto-
nic events, mainly high-angle faulting, have tilted and
locally folded the sills and the sedimentary sequences.

The dolerite is of continental-tholeiitic composition
(Solyom et al. 1984). It is related compositionally to a
number of 850—1000 Ma old dolerite dykes which trend
NNE, N and NNW, parallel to the border-zone between
the Trans-scandinavian Granite-Prophyry Belt and the
Southwest Scandinavian Domain (Gorbatschev and Gaal
1986, Solyom et al. 1984). One large dyke can be traced
for at least 20 km along the eastern boundary of the Al-
mesékra Group. It is probably the main feeder dyke of the
eastern Almesakra dolerite sills.

In this study, the Almesakra Group is subdivided into
five formations, the Marbédck Formation, the Nissj6 For-
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Fig. 3. Map showing the general occurrence areas of the formations of
the Almesakra Group. The dolerites have been omitted for clarity.

mation, the Branteberg Formation, the Storekvarn For-
mation and the Forserum Formation. The Marbéck For-
mation underlies the Nassjo Formation locally in the east,
it is exposed in a few outcrops only. The Nissjo Forma-
tion is overlain by, and separated by unconformities from,
the Branteberg Formation in the north, the Storekvarn
Formation in the west. The Néssjo Formation is exposed
predominantly in the Spexhult area, the Branteberg For-
mation mainly in the Ralidngen area and the Storekvarn
Formation only in the Spexhult area. The Forserum For-
mation occupies most of the Forserum subarea in the
northwestern part of the Spexhult area (Fig. 1).

The Forserum Formation is overlain by deposits closely
resembling those of the Branteberg and Storekvarn For-
mations. This suggests that the Forserum Formation is
coeval with the Nissjo Formation or with some parts of it.

The relatively quartz-rich compositions of the sand-

stones of the Branteberg Formation suggest that they may
grade into the similarly quartz-rich sandstone of the Sto-
rekvarn Formation in the southwest (cf. Fig. 60c and p.
73). In some parts of the Spexhult area, stratigraphic rela-
tionships between the Branteberg and Storekvarn Forma-
tions suggest that the Storekvarn Formation may overlie
the Branteberg Formation. The possibility of a tectonic
contact cannot, however, be excluded.

The field distribution of the different formations of the
Almesakra Group is shown schematically in Fig. 3. The
location of the stratigraphic sections and the areas mapped
in detail are given in Fig. 4. Descriptions of the individual
formations are given below.

Marbéack

Forserum

Branteberg

=6

Hamnaryd

Hélleved
conglomerate

Vikskvarn

Mattarp beds 10 km

Fig. 4. Location of detailed maps (outlines) and specific localities
(dots); solid squares denote the location of the sections shown in Figs.
39, 40, 46 and 50.
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THE MARBACK FORMATION

The Marbidck Formation comprises red quartz arenites
and greyish quartzitic sandstones, all found close to or
resting upon the basement. The outcrops are small and
occur scattered along the eastern boundaries of the Ra-
langen and Spexhult areas (Fig. 3). The red quartz areni-
tes occur also as large accumulations of local blocks at the
boundary with the basement northernmost in the central
part of the Ralidngen area. Beds of greyish, quartzitic
sandstone or quartzite rest upon the basement or occur
close to faults at the narrow junction between the central
and northernmost parts of the Ralangen area. They under-
lie the local sandstones of the Branteberg Formation.
Contrasting to the red quartz arenites, which are generally
well-preserved, the greyish quartzites are commonly
brecciated and allow little textural assessment.

Similar grey quartzitic sandstones are also exposed clo-
se to the basement in the northernmost parts of the Ralang-
en area and the Forserum subarea; at least those in the Ra-
langen area probably belong to the Marbdck Formation.
The thickness of the Marbiack Formation probably does
not exceed 50 m; the type area is the central part of the Ra-
langen area.

In conjunction with palaeocurrent directions (cf. Fig.
55), the predominance of quartzitic pebbles in almost all
Almesékra conglomerates (cf. Fig. 28) suggests that ex-
tensive older sedimentary source rocks were once present
to the east of the Almesékra Group. Sedimentary lithic
grains, occurring particularly in sandstones of the Néssjo
Formation, and the composition of the conglomerate
clasts indicate that the older sedimentary source rocks
contained beds of red and greyish, fine- to medium-grai-
ned quartzitic sandstones, hematitic mudstone and red
quartz arenite. Chert clasts in some conglomerates can
possibly also have been derived from the older cover. The
Marbéck Formation may well be a remnant of an older se-
dimentary sequence that, in part, comprised the source
rocks of the Néassj6 and Branteberg Formations.

THE NASSJO FORMATION

The Nissj0 Formation is exposed mainly in the eastern
part of the Spexhult area and also in its westernmost part,
south-southeast of the Forserum subarea (Fig. 1). Nume-
rous outcrops of argillite, fine-grained sandstone and
medium-grained sandstone with coarse conglomerate
beds occur in the area surrounding Nassjo. This area (Fig.
5) is the type area of the Nissjo Formation. Type sections
are given on p. 36.
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In the southwestern part of the Spexhult area, south of
Lake Almesikra (= the Vikskvarn-Storekvarn subarea),
an argillitic unit of the Néssjo Formation underlies a unit
of the Storekvarn Formation. Both are exposed intermit-
tently along a fault scarp. In the Ralangen area sandstones
of the Nissjo Formation outcrop mainly along fault scarps
beneath basal conglomerates of the Branteberg Forma-
tion.

The unconformable contact of the Néssjo Formation on
the basement is exposed at several places in the type area
and along the eastern and southern boundaries of the Al-
mesakra Group (Fig. 1).

The basal deposits of the Néssjo Formation consist pre-
dominantly of fine-grained, greyish or reddish feldspathic
sandstone thinly interbedded with laminated mudstone.
Thin beds of gravelly sandstone occur locally; coarse
conglomerate is basal in one occurrence only. In some
places the basal sandstones rest on sedimentary breccias
derived from the local basement rocks (Fig. 6). There is
a gradual transition from the breccias into overlying
sandstone. Beds of granitoid debris (Fig. 7) decreasing
upwards in thickness can be seen in a few small outcrops.
Remnants of the lowermost Nissjo sequence can be studi-
ed also in local accumulations of blocks and boulders.

The basal deposits of the Nissjo Formation are usually
overlain by red arkosic sandstone, but in the Nissjo sub-
area there are also beds of argillite and fine-grained feld-
spathic sandstone several metres thick. Reddish medium-
grained sandstone with coarse conglomerate beds is local-
ly intercalated with the argillite beds in a tilted sequence
occurring to the south of Nissjo (Figs. 5, 11). The diffe-
rent lithofacies of the Nassjo Formation can be traced
intermittently in the field. There is, however, pronounced
lateral variation in their relative abundances.

The red arkosic sandstone dominates the area south-
southeast of Nassjo (Fig. 1); it contains very little gravel
and almost no argillite. The thickness of this sandstone
probably exceeds 100 m in the northern part of this area
where the dips are gentle (Fig. 2). Red argillites interbed-
ded with feldspathic, mostly fine-grained, greyish, red-
dish or buff sandstones (the argillite/fine-grained sand-
stone association, cf. p. 34) can be traced southwestwards
from Nassjo. This association is also present in drilled
water wells beneath dolerite sills (cf. Fig. 15). Samples
from many wells in the Spexhult area suggest that the do-
lerite has mainly been intruded along argillitic beds of the
Nissjo Formation.

In the Vikskvarn-Storekvarn subarea, red argillite do-
minates the 20—30 m thick rock sequence exposed here.
The argillite is interbedded with very fine-grained feld-
spathic sandstone, the sandstone beds vary considerably
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Fig. 7. Layer of granitoid debris in argillite/fine-grained sandstone.
The lamination below the breccia layer is disrupted by a waterexpulsion
structure. Scale in centimetres. Local boulder at E1 in Fig. 5.

12

Fig. 6. Basal sedimentary breccia of the
Nissjo Formation with angular to sub-
rounded fragments of local granitoid
basement in a muddy matrix. Hammer
0.4 m. Outcrop at El in Fig. 5.

in thickness. The uppermost beds are medium-grained
sandstone and contain thin layers of fine conglomerate.
The whole sequence is much disturbed by faulting and no
vertical sections could be described in detail (Fig. 8).

To the west of Bodafors, exposures of the argillite/fine-
grained sandstone association occur along the faulted
southwestern basement boundary of the Almesakra
Group. These beds are relatively poor in argillite and
grade into overlying red arkosic sandstone. The sequence,
which is designated the Mattarp beds (Fig. 4), rests con-
formably on a layer of polymictic, granite-bearing sedi-
mentary breccia which overlies the regolithic basement
rocks. The basal unconformity is exposed only in the
northernmost part of the section shown in Fig. 40. Thin
beds and laminae of clay-pebble breccia occur at more or
less regular intervals in the lowermost 10 m of the Mattarp
beds. The whole sequence is gently folded and less than
50 m thick.

Medium-grained sandstone with conglomerate beds ex-
tends from south of Nissjo in a westerly direction. In a
few outcrops, conglomerate is seen to rest on argillite
(Figs. 9, 10), or to be otherwise associated with argillite
beds. In the westernmost part of the Nassjo Formation,
south-southeast of Forserum, a sequence of reddish feld-
spathic sandstone containing thick conglomerate beds but
very little argillite is designated the Kansjo sequence (Fig.
4). It dips towards the northwest (cf. Fig. 2) and appears
to be younging in this direction. The Kansjoé sequence is
probably at least 500 m thick. A fault zone separates it
from folded sandstones of the Nissjo Formation further to
the east.
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In the Ralangen area, most outcrops of the Nissjo For-
mation are found in the north. Here the feldspathic sand-
stone is fine-grained and contains some argillite and also
beds of clay-pebble breccia. In the south, in the Brante-
berg subarea, the sandstone is fairly mature both composi-
tionally and texturally.

It is difficult to estimate the overall thickness of the Nas-
sj0 Formation. Many important sections are almost com-
pletely covered and may be dolerite-intruded (Fig. 11) or
tectonically repeated. In the Nissjo subarea, the upper
part of the formation consists mainly of feldspathic sand-
stone which is estimated to be at least 60 m thick just north
of the town. Minimum thickness estimates in this subarea
vary between 300 and 400 m; the total (composite) thick-
ness of the formation is probably 900—1000 m. In the Ra-
langen area the general configuration of the lowermost
argillitic sandstone units suggest that the Nassjo Forma-
tion is not more than a few hundred metres thick.

14

Fig. 10. A faulted bed of coarse conglomerate (grey) overlying laminat-
ed argillite (white) along a subvertical intrusive contact with dolerite
(ruled). Hammer 0.4 m. Q denotes Quaternary cover. Drawing from a
photograph. Outcrop 1 in Fig. 9.
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THE BRANTEBERG FORMATION

The Branteberg Formation dominates the Raldngen area
where coarse and fine conglomerates crop out mainly in
its southernmost part, the Branteberg subarea. The uncon-
formity between the Branteberg Formation and the Niissjo
Formation is exposed here. Coarse conglomerates with
impersistent thin beds of red mudstone rest almost hori-
zontally on a medium-grained, poorly stratified, W-dip-
ping Niissjo sandstone unit probably not exceeding some
tens of metres in thickness (Fig. 12). In the southernmost
part of the Branteberg subarea, the Branteberg Formation
apparently overlaps on to the basement. A remnant of the
formation is found further to the south, in the narrow sub-
sided basin between Lake Hamnaryd and Lake Sjunnaryd
in the Spexhult area (Fig. 3). A second, more extensive
remnant of the Branteberg Formation in the Spexhult area

occurs to the east of the Forserum subarea (cf. Fig. 14)
along the northern boundary with the basement. The low-
ermost beds exposed here consist of trough cross-
stratified, fine-gravelly, coarse to medium-grained sand-
stone while the uppermost beds are medium-grained grey
sandstone. Southerly dips suggest that this unit is overlain
by a quartzitic sandstone of the Storekvarn Formation.
Neither the lower nor the upper contacts are exposed.
A number of sections above the interformational uncon-
formity in the Branteberg subarea were studied in detail;
type sections are shown on p. 44. The basal Branteberg as-
sociation of coarse polymodal conglomerates with inter-
bedded fine conglomerates and subordinate mudstones
gradually passes upwards into cross-stratified, medium-
grained sandstone with subordinate fine conglomerate.
This association displays large-scale trough cross-strata.
It can be recognized throughout most of the Ralangen area
and is also found in the two isolated occurrences in the
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Section AB

Section EF
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Fig.
The small numerals in the lakes and in the granite area denote height above sea level in metres. The *’dolerite intermixed with sediment’’-sign
in the north-central part of the area denotes an outcrop of a xenolithic dolerite sill. The dolerite has been intruded into coarse conglomerate beds
with local argillites and carries abundant quartzitic cobbles. The cobbles have apparently been derived from the conglomerate beds owing to
mobilization of their matrix (cf. profile section E—F). Q denotes Quaternary cover.

Spexhult area described above. Some coarse conglomer-
ates outcrop in the northernmost part of the Ralangen area
where numerous finds of conglomerate blocks indicate a
formerly more extensive occurrence. While retaining its
typical structures, the cross-stratified sandstone becomes
more fine-grained upwards; in the Ralédngen area the en-
tire sequence becomes more fine-grained northwards. In
the northernmost part of this area, beds of red subarkosic
sandstone occur in the folded upper units near Lake Ra-
langen while thin beds of fine-grained sandstone with
abundant ripple marks are found at several stratigraphic
levels (Fig. 13).

Gently NW-dipping beds of red fine-grained, arkosic
sandstone appear to be the uppermost unit of the Brante-
berg Formation in the northernmost part of the Raldngen
area near Lake Soljen. In the central part of the Ralangen
area, south of Marback, thin similar arkosic sandstone
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12. Geological map of the Branteberg subarea. The large digits refer to the outcrops in which the observations recorded in Fig. 50 were made.
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beds occur in the faulted and tilted Branteberg Formation
sequence. The beds dip westwards at gentle to steep an-
gles (see Fig. 2). A polygonal pattern on a bedding surface
suggests a former mudstone bed in the sandstone. These
mudcracks indicate a ’’right-way-up’’ position of the
beds. To the northwest of these beds a greyish sandstone/
fine conglomerate sequence contains a unit, at most 10 m
thick, of interbedded mudstones and coarse conglomer-
ates. Apart from these mudstones and those described
from the Branteberg subarea (cf. p. 15), virtually no
mudstones are exposed in the Branteberg Formation in the
Ralédngen area.

The Branteberg Formation in the Branteberg subarea is
estimated to be 130 m thick. In the central Ralangen area
a conservative estimate is 80 m; in the larger of the two
remnants of the formation in the Spexhult area the maxi-
mum thickness is 200 m.
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THE STOREKVARN FORMATION

The Storekvarn Formation dominates the western part of
the Spexhult area (Fig. 1). Apart from local conglomerate
beds it is lithologically homogeneous, the sandstone being
everywhere a medium-grained feldspar-poor subarkose or
quartz arenite. Its colour ranges from greyish to white or
greyish-pink. Parallel or discordant lamination due to
varying proportions of feldspar occurs sparsely and is the
only sedimentary structure observed. Beds of coarse
conglomerate occur almost only in the Vikskvarn-Store-
kvarn subarea, which is the type area, and in adjoining ter-
rains to the east (Figs. 8, 1). The bedding attitudes vary,
though the gentle to moderate dips are mostly westerly.
Minor faults with varying trends can be observed. Minor
outcrops of the same lithofacies with similar, apparently
irregular bedding attitudes run in a belt dominated by
dolerites extending north from Lake Almesakra towards
Nassjo and Forserum. The delimitation of this belt toward
the east is probably governed by N-trending faulting
which has caused subsidence of the western block along
a line from Lake Ryssby to Lake Storsjon (cf. Fig. 2).
Estimates of minimum thickness of the sandstone in this
belt range from 60 to 200 m.

THE BRANTEBERG AND STOREKVARN
FORMATIONS IN THE FORSERUM SUBAREA

In the centre of the Forserum subarea (Fig. 14), sand-
stones belonging to the Branteberg and probably also to
the Storekvarn Formation are recognized. The strati-
graphic relationships are obscured by complex faulting

Fig. 13. Ripple marks in thin-bedded fine-grained
sandstone. Trains of wave ripple marks with vary-
ing crest orientations and wave-lengths on several
bedding surfaces in the Branteberg Formation.
Scale in centimetres. The ripple crests have been
marked with black on the rock. Outcrop 2, Fig. 24.

with unknown amounts of vertical and lateral displace-
ment (cf. discussion p. 73 and Fig. 16). A closely folded,
partially eroded sequence of interbedded fine conglome-
rate and argillitic, fine-grained sandstone to siltstone sur-
rounding Lake Littarp apparently overlies the Forserum
Formation. This sequence is assigned to the Branteberg
Formation. Trough cross-stratification is observed here,
and the coarse beds have the same immature composition
as the fine conglomerates occurring in the Branteberg
Formation in the Branteberg subarea (cf. p. 29). The
quartzitic sandstone units exposed in this part of the For-
serum subarea probably overlie the folded argillitic sand-
stone/fine conglomerate sequence and belong to the Store-
kvarn Formation. However, the stratigraphic relationship
is ambiguous and the interpretation depends on whether
some of the quartzitic units are regarded as belonging to
the Forserum Formation (cf. Fig. 19 and discussion p.
73). In the southern part of the Forserum subarea, samples
from a boring indicate that a quartzitic sandstone overlies
beds of yellowish sandstone interlaminated with red silt-
stone (Fig. 15, well No. 1). This sandstone probably be-
longs to the Branteberg Formation.

THE FORSERUM FORMATION

The Forserum Formation can be studied best in the west-
ern and northern parts of the Forserum subarea where it
occupies most of the western fold limb of the Littarp syn-
cline. Part of the formation is exposed here between two
dolerite sills. It can be traced southwards in outcrops as
far as Forserum where the sandstones dip eastwards and
rest on faulted basement rocks.
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Fig. 14. Geological map of the Forserum subarea and adjacent areas to the east. NI—N2 and S1—S2 indicate the location of the sections shown
in Fig. 19. The digits denote the outcrops in which the observations recorded in Fig. 46 were made. Q denotes Quaternary cover.

To the east and north of Lake Lattarp there are several  14). The mudstones are parallel-laminated and calcare-
exposures of the formation. East of the lake reddish  ous, and have been intruded by the subjacent dolerite. The
conglomerate-bearing sandstones are locally folded and  contact between this part of the Forserum Formation and
occur between two NS-trending faults. In the north, out-  the Branteberg Formation to its south appears to be con-
crops of sandstone and, locally, mudstone occur in several  trolled by strike-slip faults (Fig. 16).
crescent-shaped belts between dolerite exposures (Fig. The sandstones of the Forserum Formation are predo-
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minantly medium-grained. They are subarkosic in compo-
sition with few opaques and rock fragments (cf. Table 3).
In the west, the sandstones are mostly greyish. In the
lowermost outcrops along the northwestern boundary
with the basement, the sandstone is reddish and largely
massive. It is generally poor in feldspar except for some
thin, coarse-grained layers. Most of the Forserum Forma-
tion overlying the basal beds is a quartz-rich sandstone
with feldspars enriched in laminae which are conspicuous
in weathered outcrops (Fig. 17). Beds of bimodal coarse
conglomerate occur at several stratigraphic levels and
tend to be associated with massive sandstone.

In the upper part of the Forserum Formation, the con-
glomerate beds are often overlain by thin beds of fine-
grained, silty sandstone. Polygonal patterns of small
sandstone dykes (Fig. 18) suggest a former mudstone
cover. Many exposures display ripple-marked bedding
surfaces. Some of these beds are associated with thin
conglomerates and have poorly preserved symmetrical
ripple marks with wavelengths of up to 0.2 m.

In the faulted eastern exposures, the sandstone is red-
dish and mostly unlaminated. Feldspar lamination re-
sembling that in the west occurs in a few upper beds. The
interbedded conglomerates are similar in particle compo-
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sition to those in the west, but the particles tend to be smal-
ler (cf. Fig. 28). A few ripple marks on a W-dipping
bedding surface with remains of overlying siltstone indi-
cate that younging is towards the west.

Fig. 17. Parallel lamination in sandstone of the Forserum Formation
defined by feldspar concentration. Scale in centimetres. Outcrop in
sequence Forserum 1, Figs. 14 and 46.
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The Forserum Formation is at least 300 m thick. The
two generalized sections in Fig. 19 show sequences from
the western limb of the Lattarp syncline. Sections showing
additional details including soft-sediment deformation are
given in Fig. 46. The sections Forserum 1 and 2 are type
sections of the Forserum Formation.

The mudstones of the Forserum Formation are thin, less
than one metre in thickness, and restricted to the upper
parts of the sequence. Virtually all mudstones have been
intruded by dolerite. The field distribution suggests that
the two main dolerite intrusions occurred along mudstone
horizons. Calcite appears to have been a common cement-
ing mineral in the upper mudstones. It has now mostly
been replaced by contact-metamorphic calc-silicate mine-
rals, e.g. wollastonite (cf. Rodhe 1985). In a quarry in the
uppermost dolerite sill, a greyish-white, parallel-laminat-
ed, highly calcareous 0.5 m thick mudstone bed was expo-
sed after blasting. This bed, which was later destroyed,
was uppermost in a 10 m thick, E-dipping sandstone unit
intruded by dolerite (Fig. 16).

The depositional facies (cf. p. 41) indicate that the For-
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Fig. 18. Relict polygonal pattern of mud
cracks filled with sandstone *’dykes’.
Surface in thin-bedded silty sandstone
partly covering conglomerate bed in the
Forserum Formation. Pen 15 cm. The
*dykes’” have been marked with black on
the rock. Outcrop at S1 in Fig. 14.

serum Formation probably represents a sand-dominated
fluvial sequence. It tends to become more fine-grained up-
wards. The proportion of mudstone appears to be lower
than in the Nissjo Formation in the central Spexhult area.
In composition and inferred depositional facies, the con-
glomerates of the Forserum Formation resemble those of
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the Nissjo Formation. The palaeocurrent directions agree
with those inferred from outcrops of the Néssjo Formation
conglomerates in the Kansjo sequence (cf. Fig. 55). These
features and deposition on the basement suggest that the
Forserum Formation is a lateral equivalent of part of the
Nissjo Formation.

Lithofacies

Qss

Dolerite

[- . ] Sandstone with_
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Fig. 19. Generalized sections showing the se-
quence of lithofacies in the Forserum subarea at
N1—N2 and S1—S2 in Fig. 14. Symbols: QSS =
quartzitic sandstone, mFSS/cCGL = medium-
grained feldspathic sandstone/coarse conglom-
erate associaton; cov. denotes soil cover.
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THE TECTONIC SETTING OF THE ALMESAKRA GROUP

GENERAL ASPECTS

Regional faults control the exposure areas of the Almes-
akra Group and the distribution of basement inliers within
it (Fig. 1). South and east of Lake Vittern, the Baltic
Shield is largely characterized by lineaments trending
approximately N (Fig. 20). Such trends are also typical of
the belt of steeply dipping shear zones composing the Pro-
togine Zone which separates the Precambrian domains of
southeastern and southwestern Sweden. A presumably
Late Proterozoic graben structure of similar orientation
exists in the Vittern basin (Axberg and Wadstein 1979, cf.
Wikman et al. 1982).

The Protogine Zone has been variously interpreted, as
a Sveconorwegian frontal thrust following the trends of
older faults (Berthelsen 1980, Falkum and Petersen
1980), as a Proterozoic suture resulting from continent
collision (Eriksson and Henkel 1983), and as a repeatedly
reactivated intracratonic, Early or Middle Proterozoic
fault zone separating a reworked Svecokarelian continen-
tal margin from the main body of the Svecokarelian oro-
gen (Gorbatschev 1980). Several authors (Magnusson
1960, Welin and Blomqvist 1966, Patchett and Bylund
1977) have explained late faulting along the Protogine
Zone as a consequence of uplift of southwest Sweden c.
1000 Ma ago (cf. also Baer 1981). Other workers (Solyom
etal. 1984, cf. Kumpulainen and Nystuen 1985) have sug-
gested that this faulting was caused by continental rifting
during Late Proterozoic development of the Iapetus or a
pre-lapetus Ocean.

Apart from N-trending lineaments, the Protogine Zone
also displays lineaments of other orientations. Immediate-
ly south of Lake Vittern, such lineaments mostly trend
NE and ENE, but there is also a set striking NW (Fig. 20).
Several large faults trending NE and N occur in the area
between the Almesakra Group and the Protogine Zone.
Further to the east and southeast of Lake Vittern, linea-
ments trending NW are dominant. Faults with this orien-
tation occur mainly in the northeastern part of the Almes-
akra Group. Apart from the N-trending faults, the Almes-
akra Group appears to be situated in a zone of transition
from mostly NE-trending faulting in the west to mostly
NW-trending faulting in the east.
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STRUCTURES OF THE ALMESAKRA GROUP

The principal tectonic elements observed in the area stu-
died here are summarized in Fig. 2. The indicated fold
axes, plunging gently when not specified, have been deri-
ved from folds, seen in the field, or constructed from
measurements of bedding in sedimentary rocks. Included
locally in the latter are contactparallel planar surfaces in
the sill. These constructed fold axes are based on data
recorded in areas generally less than 1 km?2. The map also
shows representative bedding attitudes.

One major, tectonically deformed zone of the Almesak-
ra Group passes southwards through the Nissjo subarea to

/ First order lineament

Second order h

/
/
/ Third order "

Fig. 20. Lineament map of the area SE of L. Vittern (after Roshoff
1979). The occurrence area of the Almesakra Group is shown in out-
line.
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Fig. 21. Asymmetric folds in argillite. Hammer
head 15 cm. Outcrop c¢. 100 m W of Storekvarn,
Fig. 8. Photo by O. Higgbom.

Bodafors. Another main zone of similar orientation in-
fluences most of the rocks of the Forserum subarea and,
passing southwards through the Kansjo sequence, con-

- nects with the faulted rocks south of Lake Almesédkra. Be-

tween and to the east of these zones, the bedding dips are
generally gentle and folds are relatively scarce. Only the
area around Marbick in the north is an exception.

FOLDS AND FAULTS

In the tectonically most deformed zones, folds are relati-
vely common. When best exposed and observable over a
few tens of metres, they are either upright and open or, as
in argillites, asymmetric and of flexure type (Fig. 21). In
the argillite/sandstone association, there was generally
strong, more or less plastic deformation of the argillite
simultaneous with brittle deformation of the sandstone
(Fig. 22). In a large number of cases, mostly concerning
small-scale flexure folds (dimension <0.5 m) in argillitic
rocks, the folds have clearly been caused by slip along
steeply to moderately inclined faults. These minor faults
are predominantly high-angle, sometimes clearly normal,
and parallel to the regional fault trends. The fold axes re-
corded in such outcrops are generally subparallel to the
local faults, their plunges are usually gentle.

When plotted and contoured on an equal area net, the
total fold axis distribution defines a diffuse girdle, its cent-
re roughly at N8OW/30W (Fig. 23 A). A similar distribu-
tion is seen in a contoured plot of the observed fold axes
(Fig. 23B). The plots show that the greatest concentration

of fold axes plunges gently to NW—NNW. Subordinate
concentrations are oriented NE—SW and E—W.

The trends of observed high-angle faults have a polymo-
dal distribution (Fig 23 C) whith a clear maximum to the
N—NE. Another well-defined maximum at N35W sug-
gests that faults of this trend are related to the folding in
the occurrence areas of the Almesakra Group.

FOLDING AND FAULTING IN SOME
PARTICULAR AREAS

High-angle faults. — In one relatively well-exposed small
area south of Nissjo, a set of NW-trending normal faults
has exposed the basement and caused steep to moderate
dips to SW in a dolerite-intruded sandstone/conglomerate
sequence (Fig. 9). A subhorizontal fold axis, constructed
from the local bedding attitudes, trends N30 °W parallel to
the faults; virtually no folds are exposed, however.

Folding along a NW-trending axis is obvious in the
Marbick subarea (Fig. 24). Here, two similarly NW-
trending, normal faults with subsidence between them of
the local Branteberg sandstone sequence, can be inferred.
In a subordinate anticline within the subsided units, the
largest single fold seen in the Almesakra Group is expos-
ed, its wavelength c. 200 m, its amplitude <10 m (Fig.
24, outcrop 1).

Major folds with other trends occur in the Forserum
subarea. Largest by far (c. 3 km across) is the Littarp
syncline, its axis trending NNE. The western fold limb
dips gently ESE, the eastern one is truncated by a set of
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steep N-trending normal faults (Fig 14). Several lithologic
and structural discordances in the central part of the Litt-
arp syncline (Fig. 16) have probably been caused by
strike-slip along NE- to N-trending minor faults accom-
modating compressive E—W stresses.

In the Lattarp syncline, east of Lake Lattarp, folding on
N-trending axes is observed in argillitic sandstones/fine
conglomerates of the Branteberg Formation (Fig. 14).
Close folds, slightly overturned to the west, with a wave-
length of c. 250 m, and amplitude of ¢. 60 m, are inferred
from bedding attitudes, younging directions and several
parasitic minor folds (Fig. 25). A pronounced subvertical
cleavage in the argillite is probably an axial plane struc-
ture related to this folding. It is parallel to the dominating
set of N-trending faults east of the lake and also to a syn-
form observed in underlying Forserum sandstone. A fold
axis constructed from bedding attitudes in the main out-
crops strikes N, suggesting a close relationship between
folding and faulting.

Thrusting and strike-slip faulting in the northern part of
the Spexhult area. — Together with the N-trending faults,
a set trending NE obviously controls the Almesakra rocks
and their contact with basement in the area between Nis-
sjo and Lake Almeshult (Fig. 2). The regional extent of
this NE-striking set is indicated by its presence in base-
ment rocks to the southwest of the Almeséakra Group and
in the Raladngen area to the northeast, where the faults cut
Branteberg Formation rocks and basement (Fig. 12). Tec-
tonic disturbance, such as close jointing and zones of brec-
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Fig. 22. Small-scale faulting in an argillite bed over-
lying sandstone in an open syncline. Compass 10 cm.
Road cutting in faulted and gently folded beds of the
Nissjo Formation c. 1 km W of locality 1 in Fig. 5.

ciation trending N20°—60°E, occurs widely in the
Almesakra rocks as well as in the surrounding basement.
A strike-slip component is evident on high-angle NE-
trending faults, particularly in the Nissjo subarea, as in-
ferred from low-angle slickenside striations on numerous
surfaces and also from minor offsets of sedimentary or
tectonic structures (Figs. 5, 8). In a few cases the displace-
ments are dextral on NE-trending structures; in most, no
sense of the movement can be inferred. Several instances
of minor thrusting or reverse faulting on varying EW- to
NE-striking, gently S-dipping surfaces in basement and
cover rocks occur in the concerned area, the thrusting
direction inferred to be towards the east. The uplift of
basement blocks to the northwest of the NE-trending
faults could have caused much of the brecciation in the
area. Altogether, many features suggest that these NE-
trending faults have experienced strike-slip movements
during at least part of their existence (cf. Reading 1978).

The most obvious thrust is found along the eastern shore
of Lake Hamnaryd (Gavelin 1931). A slice of brecciated
granite, at least 3 m thick, overlies a sandstone/argillite
unit of the Nissjo Formation along the lake (Fig. 26, cf.
Table 5). The contact is virtually horizontal; the sandstone
beds are almost undeformed beneath most of the contact.
Argillite layers occur along parts of the contact and are
also found as crushed remnants on several N-dipping sur-
faces in the lowermost part of the granite breccia. Several
small thrusts in the sandstone, and slickenside striations in
granite and sandstone dipping moderately to gently N,
indicate that the latest thrust movements were directed
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Fig. 23. Folding and faulting in the Almesakra rocks. A: Observed or
constructed fold axes. B: Observed fold axes. C: Trends of observed
fault surfaces and planar breccia zones.
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Fig. 24. Geological map of the Marbick subarea. Digits 1 and 2 indicate
outcrops mentioned in the text.

southwards (Fig. 26:1). The imbricate, northwards dip-
ping structure of large granite and sandstone lenses seen
in sections south of the main outcrop also support the
conclusion that the latest compressional stress was orien-
tated about N—S. Stress of this orientation is indicated
also by folding in the dolerite of this area (Fig. 2). The
argillites have obviously facilitated the thrust movements.
Folding in the argillite, seen below the thrust, appears to
have been caused by drag along a normal, NE-trending,
steeply N-dipping fault in the sandstone. This fault does
not cut the overthrust granite (Fig. 26). Several other mi-
nor faults trending about NE, dipping mostly NW, some
of them cutting the thrust, indicate that faulting of this
orientation has occurred repeatedly.
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Fig. 25. Crenulation cleavage in argillite and fine-
grained calcite-cemented sandstone in folded
Branteberg beds. Pen 15 cm. Outcrop on the pen-
insula in L. Lattarp, Fig. 16.
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Fig. 26. 1. Map showing outcrops E of L. Hamnaryd. The n-diagram shows the attitudes of striations recorded on gently to moderately inclined
slickenside surfaces mainly in the granite breccia. 2. Composite vertical section of the area between A—A1 and B—B1 in Fig. 26. 1. This sketch

represents a vertical cliff face in granite breccia and subjacent argillite/fine-grained sandstone with recent talus and outcrops of lower sandstone
beds.
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THE DEPOSITIONAL ENVIRONMENTS OF THE ALMESAKRA GROUP

INTRODUCTION

In the stratigraphical description (pp. 6—21) a number of
lithological units or lithofacies which dominate different
parts of the Nissjo and Branteberg Formations were dis-
tinguished and briefly characterized; they are summarized
in Table 1. Twelve depositional facies or associations of
such facies have been identified on the basis of texture,
sedimentary structures, composition and rock colour. In
the following text these facies and their associations are
described, and interpreted as to the depositional process.
Trends in the sequence of the facies are noted and the
probable depositional environments defined (cf. Collin-
son 1968, Reading 1978). Post-depositional features such
as soft-sediment deformation and cementing properties
are considered briefly and interpreted when distinctive for
a certain facies. The mineral compositions of the different
lithofacies are treated in greater detail in the Petrography
section (p. 52).

TERMINOLOGY AND METHODS

When not otherwise specified, bed and lamina thickness
is defined according to Ingram (1954) as modified by
Campbell (1967) and used by Reineck and Singh (1973).
This classification (Table 2) was found to be adequate for
the argillite as well as the sandstone/fine conglomerate as-
sociations. Lamination type is described in greater detail
according to the terminology used by Reineck and Singh
(1980).

Terms for particle size follow the Wentworth scale. The
Phi scale is used in most distribution diagrams and profi-
les. The parameters of the size distributions have been
derived and classified according to Folk (1974).

The Maximum Particle Size (MPS) for conglomerates
is the average of the size of the ten largest particles, esti-
mated according to Bluck (1967) from apparent long axes
in sample squares. The estimates of average roundness
and composition of the particles are based on studies of at
least 20 random particles in each square. The true size
distribution of the particles could be determined on some
bedding planes (cf. p. 29). For particles larger than 3—4

TABLE 1. Lithofacies of the Almesakra Group.

Facies Abbreviation Main characteristics

Conglomerate, :oarse cCGL Coarse conglomerate,
pebble to cobble grades.

Conglomerate, fine fCGL Fine conglomerate, gran-

ule to fine pebble
grades.

Feldspathic sandstone mFSS
medium-grained

Medium-grained subarkosic
sandstone, mainly grey.

Red quartz arenite RQA Medium-grained quartz
arenite with hematite-
-pigmented quartz grains.

Argillite A Mudstone, mainly silty

claystone or clayey
siltstone, red or grey,
low-metamorphic.

Feldspathic sandstone fFSS
fine-grained

Fine-grained feldspathic
sandstone, grey, buff
or reddish.

Red arkosic RFSS Medium- to fine-grained
sandstone arkose or feldspar-rich
subarkose, high in
lithic grains and opaques.
Quartzitic sandstone Qss Medium-grained subarkose

very low in feld-
spar, or quartz arenite,
grey, white or reddish.

cm with length/width =1.5, the preferred orientation of
the apparent long axes on the bedding surface was record-
ed. The imbrication of the particles was determined from
the distribution of the dips of apparent long axes in some
vertical sections (cf. Nilsen 1968).

Sandstone colours in outcrops are given in terms of the
Rock-colour chart (Geol. Soc. Am. 1970).

TABLE 2. Bedding terminology used.

Beds Laminae
cm cm
100 very thick 30 very thick
30 thick 10 thick
10 medium 3 medium
1 thin 1 thin
very thin very thin

2
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THE ALMESAKRA GROUP in the west

The Forserum The Vikskvarn-Bodafors
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Formation |Depositional |[Formation(Depositional
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Fig. 27. The formations of the Almesidkra Group and the main sequence of depositional sedimentary facies as found in the western and eastern

parts of the field respectively. Facies abbreviations as in Table 1.

THE DEPOSITIONAL FACIES AND THEIR
STRATIGRAPHIC DISTRIBUTION

The argillite facies and the argillite/fine-grained sandsto-
ne association dominate in the lower parts of the Néssjo
Formation in most of the Spexhult area and in the north-
ernmost part of the Raladngen area (Fig. 3). In the eastern
part of the Spexhult area, the Nassjo Formation appears
to consist mainly of the red arkosic sandstone lithofacies.
This sandstone probably rests on basal conglomerates and
immature sandstones found as remnants along part of the
eastern boundary with basement which is now largely
covered by dolerite sills (cf. p. 70).

Reddish, medium-grained sandstones associated with
coarse conglomerates are superposed on and partly inter-
finger with the argillitic association of the Nissjé Forma-
tion. These rocks occur mainly in the northern and north-
western parts of the Spexhult area. In the area south of
Nissjo, the stratigraphic relationship between the
medium-grained sandstone/coarse conglomerate associa-
tion and the red arkosic sandstone is not clear (cf. Figs.
5, 9). In the uppermost parts of the Nissjo Formation,
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medium-grained feldspathic sandstones are generally the
prevalent rocks.

In the Branteberg Formation, above the unconformity
separating it from the Nissjo Formation, the fine and
coarse conglomerate/argillite association is predominant.
Upwards, this association passes gradually into the
medium-grained feldspathic sandstone/fine conglomerate
association which dominates the upper levels of the Bran-
teberg Formation. In the central and northernmost Ralan-
gen area, there are also minor intercalations of red arkosic
sandstone differing in specularite content and mode of
hematite cementing from the corresponding lithofacies in
the Nissjo Formation.

In the Storekvarn Formation the grey quartzitic sand-
stone lithofacies is prevalent. In the Vikskvarn-
Storekvarn subarea, coarse conglomerates occur inter-
bedded with the quartzitic sandstones.

The Forserum Formation consists in its basal northern
parts mainly of medium-grained sandstone, while the
medium-grained sandstone/coarse conglomerate associa-
tion dominates the formation elsewhere. Thin argillite
units occur in the upper parts of the formation.

The Marbick Formation consists mainly of a red quartz
arenite lithofacies but also of grey quartzitic sandstones.
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DEPOSITIONAL SEDIMENTARY FACIES

As stated above, conglomerate and medium-grained feld-
spathic sandstone represent depositional facies widely en-
countered in the Almesakra Group.

THE CONGLOMERATES

Description. — The particles (clasts) occurring in the
Almesadkra conglomerates range from granule- to
boulder-size. A rough subdivision, based on the predomi-
nance of two size groups, is made between fine conglome-
rates which have granule to fine pebble modes (3 to 6
mm), and coarse conglomerates which are dominated by
pebbles or cobbles and contain occasional boulders. The
fine conglomerates are poorly or very poorly sorted; the
coarse conglomerates are mostly poorly sorted (Table 4).
The conglomerates are generally well consolidated, indu-
rated usually by quartz cement.

The fine conglomerates are very immature in composi-
tion. Granitoid lithic fragments and feldspars dominate
over quartz grains. The matrix is generally sandy and
polymodal; the conglomerates are mostly clast-supported
(cf. Harms et al. 1982). In the principal occurrences, the
beds are thick and the stratification is indistinct.

The coarse conglomerates consist mainly of quartzitic
sedimentary particles (Fig. 28). Clasts deriving from the
crystalline basement are dominant or appreciable only in
a few cases. The matrix ranges from silty or muddy sand
to sandy fine gravel. The coarse conglomerates are clast-
supported. The beds generally range from 0.1 m to 2 m
in thickness but may occasionally be several metres thick
(cf. Fig. 47). Stratification is generally indistinct but can
be seen locally in thick beds. Low-angle cross-
stratification occurs in some units interlayered with fine
conglomerate. In units interlayered with sandstone, strati-
fication in the conglomerates is sometimes marked by im-
persistent thin layers of sand or fine gravel.

The apparent long axes of the particles generally exhibit
a preferred orientation (cf. Fig. 55) best developed where
the particles are the size of cobbles. Imbrication of the
pebbles can be seen locally (cf. Fig. 57). Grading is un-
common, but some thick beds may exhibit weak normal
or inverse-to-normal grading.

The particles are generally subrounded to rounded.
Large cobbles and boulders are mostly well rounded. In
a number of localities, all three dimensions of these can
be observed on weathered bedding surfaces and it is appa-

MAXIMUM PARTICLE SIZE AND AVERAGE
CLAST COMPOSITION OF
COARSE CONGLOMERATES

LEGEND

granite

Circles represent MPS values
for the intervals
150-115-90-68-50-28 mm
Central digit: number of
sample areas

Fig. 28. Average clast composition and maximum particle size (MPS)
of coarse conglomerates and other fragment rocks in the Almesikra
Group as recorded in 85 sample squares. A = Almesakra church, B =
Branteberg subarea, F = Forserum, H = Hilleved, N = Nissjo. The
clast composition of the rock to the south of L. Almeshult (100%
quartzite clasts) is anomalous. This rock is a xenolithic dolerite with
abundant inclusions of well-rounded quartzite cobbles and pebbles. The
dolerite is a dyke exposed along a N-trending fault separating the
Almesakra sedimentary rocks from red Smaland granites.

rent that most particles are prolate whereas oblate forms
occur sparsely.

Interpretation. The clast-supported framework indicates
that the conglomerate beds were deposited from running
water. Where the clasts display preferred orientation, they
are interpreted to have been rolling on the bed with their
long axes oriented more or less transversely to the direc-
tion of flow (Rust 1979, Harms et al. 1982; cf. Palacocur-
rents p. 50).
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Fig. 29. Red quartz arenite derived from older, now eroded, sedimen-
tary sequence E of the Almesakra Group. Note subangular to well-
rounded quartz grains and a few feldspar pseudomorphs (dusty grains).
The pores are filled with authigenic quartz and sericitic-hematitic pseu-
domatrix. Hematite pigment defines the outlines of the detrital grains;
several pitted quartz grains have hematite infillings. Some of the detrital
quartz grains are partly surrounded by syntaxial quartz cement with a
thin second layer of hematite pigment (arrow) indicating derivation
from older sandstone. Plain light. Red quartz arenite clast in the Hélle-
ved conglomerate, Fig. 4.

THE MEDIUM-GRAINED FELDSPATHIC SANDSTONES

Description. — Medium-grained feldspathic sandstones
are the most widely occurring sedimentary rocks in the
Almesakra Group. They are moderately well to poorly
sorted subarkoses of variable feldspar content. Lithic
grains and opaques are commonly subordinate (cf. Fig.
60). Cementation is predominantly by quartz, the quartz
cement varying between roughly 10% and 35% of the to-
tal rock (group averages, see Table 3). In the Forserum
and Nassjo Formations, the medium-grained sandstones
are often associated with beds of coarse conglomerate (cf.
p. 41). In the Branteberg Formation they occur thinly
interlayered with fine conglomerates (cf. p. 47).

Interpretation. — Interpretations of the depositional envi-

ronments of these sandstones are given in the interpreta-
tions of these two main associations.

DEPOSITIONAL SEDIMENTARY FACIES
OF THE MARBACK FORMATION

THE RED QUARTZ ARENITE

Description. — The red quartz arenite is a medium-
grained sandstone. As with the grey quartzitic sandstones

AGNES RODHE

there are few indications of the conditions of sedimenta-
tion. Average compositions are shown in Table 3. In most
samples, the whole-rock content of detrital feldspar does
not exceed 5%. The feldspar is usually strongly altered
and often converted to sericite and hematite. The content
of lithic grains is low; metavolcanic and sedimentary lithic
grains predominate (cf. Fig. 61b). Grain size and round-
ness are easy to assess because of hematite rims on the
grains (Fig. 29). The size distributions are unimodal and
tend to be symmetrical (cf. Fig. 65), and the sandstone is
well-sorted to moderately sorted. Most grains are rounded
or subrounded (cf. Fig. 66); the roundness increases with
grain size (cf. Fig. 72e). Many quartz grains have few in-
clusions and a relict high-quartz habit is occasionally seen
in equant grains. Embayments or shallow pits are fairly
common on the grains; they are filled with hematite or
hematitic clay (Fig. 29).

Quartz is the main authigenic mineral. Hematite pig-
ment, however, is the earliest cement and generally coats
the detrital grains. On some quartz grains iron-oxide and
thin silica coatings alternate (Fig. 29). Euhedral quartz
overgrowths on the quartz grains are common in some
samples. Outside such overgrowths the pore space is filled
by later quartz cement and/or sericitic *’matrix’’ and he-
matite. A low relict porosity is sometimes present (cf.
Table 3a). In some samples hematite coatings of varying
thickness on the grains define laminae in the sandstone.
These coatings are probably late-diagenetic since they are
absent at the grain contacts (cf. p. 63).

The most common sedimentary structure is a thin inter-
layering of medium- and fine-grained sandstone, best seen
in the northernmost occurrence in the Raléngen area. In-
distinct, very thin laminae of dark red, silty clay or silt
occur sparsely, as do thick laminae of coarse sand with
rounded granules of quartz and red porphyry. Some low-
angle cross-lamination can be observed. There are also a
few small-scale ripple marks with wave-lengths of less
than 2 cm as well as mud cracks and small mudstone clasts
(Fig. 30).

Interpretation. — The sedimentary structures and the oc-
currence of mudcracked mudstone and mudstone clasts
suggest a shallow-water environment with subordinate
mud accretion and episodic exposure to air.

Hematite pigment on detritus grains covered by later
quartz cement indicates early diagenetic formation of the
hematite (cf. Turner 1980, Dott 1983). The alternation of
thin authigenic hematite and quartz on some grains and the
euhedral early quartz overgrowths are features characte-
ristic of many desert sands and sandstones (cf. Glennie
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Fig. 30. Curved clay-pebble (claystone ripped-up-clast) in fine-grained
and medium-grained red quartz arenite of the Marbidck Formation.
Plain light. Sample from boulder in the N. Raléngen area, Fig. 1.

1970, Waugh 1970, Folk 1976). A warm climate is sug-
gested by the relatively rapid formation of hematite indi-
cated by multicoated grains; the forming of hematite from
precursor iron minerals is promoted by high temperatures
(Walker 1967). Modern analogues suggest that the euhed-
ral quartz cement was formed by precipitation during the
evaporation of silica-rich solutions derived from saline
ground waters. Such solutions are capable of dissolving
fine silica dust produced by the abrasion of quartz during
aeolian transport (Kessler 1978). The relatively common,
well-rounded medium to coarse sand grains (cf. Figs. 29,
31) also suggest an aeolian mode of transport, some of the
pits on the grains being possibly of impact-saltation origin
(cf. Kuenen 1960). However, because much of the quartz
detritus in these rocks probably derives from quartz phe-
nocrysts in porphyry source rocks, these features are in-
conclusive. On the other hand, for medium to fine sand
grains which are subrounded or subangular and display
several small pits (up to 4 pits on each grain have been
recorded, cf. Fig. 29), an origin of the pitting from mag-
matic resorption embayments appears improbable. The
frequency of the pits and the prevailing occurrence of
hematite or hematitic clay fills within them suggest that
they result from corrosion by alkaline solutions and, pos-
sibly, some exposure to weathering in soil profiles (cf.
discussion in Chaudhuri 1977, see also Crook 1968). Ac-
cording to Walker (1979) such hematite-pigmented fine
sand grains with hematitic clay fills are the reddest com-
ponents in many sands of present deserts. They have pre-
served their hematitic cover, which is due to iron-oxide

bearing clay particles in the desert dust, because fine sand
grains do not become abraded in aeolian transport.

Summing up: the detritus compositions of the red quartz
arenites (see Table 3a) indicate either source rocks low in
feldspar, and/or the extensive destruction of the feldspars
during weathering and transport. The low proportion of
unaltered feldspar grains favours the latter possibilities.
These sandstones were probably laid down mainly in shal-
low water, possibly in ephemeral rivers or lakes. Local
accumulation on aeolian dunes in an arid or semi-arid
desert environment is probable. :

The occurrence of euhedral quartz overgrowths on
grains in the red arkosic sandstones of the lowermost part
of the Nissjo Formation (cf. p. 63) as well as the apatite
cementation found locally (see p. 68) suggest that similar
environments may have prevailed during the earliest time
of deposition of the Nissjo Formation.

DEPOSITIONAL SEDIMENTARY FACIES OF
THE NASSJO FORMATION

The argillite facies, the argillite/fine-grained sandstone
association, the red arkosic sandstone facies and the
medium-grained feldspathic sandstone/coarse conglome-
rate association dominate the sedimentary sequences of
the Nissj0 Formation.

Fig. 31. Bimodal grain-size distribution in a sample of reddish subarko-
sic sandstone of the argillite/fine-grained sandstone association in the
Nissj6 Formation. Rounded and subangular grains in sparse muddy
hematitic matrix. The large rounded grains probably derive from the
older sandstone cover. Plain light. Base of SE sequence, Nissjo 1 in
Fig. S.
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Fig. 32. Even, parallel lamination in argillite. Negative print from thin
section; black laminae are siltstone, white laminae hematitic claystone.
Argillite from the upper part of the SE sequence, Nassjo 1, in Fig. 5.

THE ARGILLITE

Description. — The argillite facies consists predominant-
ly of silty claystone and siltstone. The rocks of this facies
are almost invariably laminated, occasionally also con-
taining laminae of very fine-grained sandstone and hema-
titic wackestone. The siltstone is composed of quartz and
sericitic feldspar in a sericitic or hematitic matrix. Zir-
cons, micas and opaque oxide grains are the main accesso-
ries. The claystone consists mainly of illite with variable
amounts of chlorite. The chemical composition is describ-
ed elsewhere (Rodhe 1985).

Lamination is mostly thin and discontinuous but may
also be even and parallel or wavy to lenticular (Figs. 32,
33). Thick claystone laminae are often graded. The grain
size decreases upwards whereas the content of hematitic
clay increases. The parallel lamination sometimes shows
a rhythmic trend.

Wavy to slightly lenticular layering is prominent in se-
veral thick argillite units, and flaser bedding can be identi-
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fied locally. Flat sandy siltstone or sandstone lensoids can
sometimes be observed in lenticular bedded sequences
(Fig. 34). Lenticular siltstone and claystone laminae occa-
sionally reveal internal micro-structures such as cross-
lamination, wavy lamination in *’bundles’’ (Fig. 35) or
minute mud flasers, all typical of wavy flaser lamination
(Reineck and Singh 1980). Flaser bedding with ’’simple
flasers’’ has also been observed locally on weathered rock
surfaces (Fig. 36).

Mud cracks (shrinkage cracks) of a polygonal, irregu-
lar, random orthogonal type are common. The polygons
range up to 0.2 m across. Two or three generations of
cracks can often be observed on the same bedding plane.
Seen in cross-section, the mud cracks are mostly shallow
and roughly U-shaped. Ptygmatically folded fine-sand or
silt wedges infilling mud cracks can occasionally be ob-
served (cf. Fig. 34). Thin sandstone ’’dykes’’ very often
fill the cracks (cf. p. 21, Fig. 18). Thin beds or laminae

Fig. 33. Ripple lamination in wavy-lenticular bedded argillite. Negative
print from thin section; black laminae are siltstone, white laminae
hematitic claystone. Note bifurcation of mud flasers (arrow) and grad-
ing in claystone laminae. Sample from road cutting in the easternmost
argillite outcrop of the Forserum subarea, Fig. 14.
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of clay-pebble breccia are sometimes associated with the
argillites and can, in places, be seen to have been derived
from a subjacent claystone layer. These breccias are most-
ly monomictic. The length of the clasts ranges from a few
millimetres to 10 cm and the matrix varies from silty clay
to coarse sand (Fig. 37). The breccia layers sometimes oc-
cur repeatedly at irregular intervals in a sandstone/argilli-
te sequence (cf. Fig. 40, Mattarp 1).

Interpretation. — Evenly parallel-laminated mud indica-
tes deposition by settling in still water (Pettijohn 1975,
Allen 1982). Each graded lamina may represent deposi-

Fig. 35. Lenticular micro-structure in
argillite with incipient ripples and mud
flasers. Negative print from thin section;
dark layers are siltstone, white and
greyish layers mudstone, black *’layer’’
is hole in mudstone. Argillite from the
uppermost part of the SE sequence, Nas-
sjo 1, in Fig. 5.

Fig. 34. Lenticular bedding in argillite
with sandstone lenses (lower left). A
ptygmatically folded wedge of fine-
grained sandstone or, possibly a pillar in-
dicating water expulsion is oblique to the
bedding (lower centre). Scale in centi-
metres. Outcrop in the NW sequence b,
Nissjo 1, in Fig. 5.

tion from a suspension cloud of silt- and clay-size material
supplied by a pulse of current. This kind of sharply defin-
ed persistent lamination indicates a low degree of floccu-
lation of the clay minerals because of low electrolyte con-
tent in fresh or brackish water (Reineck and Singh 1973,
Blatt ez al. 1980). Such lamination is most likely to be pre-
served in Precambrian sediments and possibly also in later
sediments that were deposited in low-oxygenated basins
and lacked bioturbation (Potter e al. 1980). This suggests
that the depositional environment was lacustrine or la-
goonal.

Wavy-lenticular layering and flaser layering are exam-
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Fig. 36. Weathered outcrop in fine-grained sandstone with mud flasers.
Scale in centimetres. Lowermost part of the sequence Forseum 3a in
Fig. 46.

ples of ’’ripple bedding’’ in a two-component system
(Reineck and Singh 1980). Formation of current or oscil-
lation ripples in the coarse member alternates with erosion
and, during episodes of quiescence, with mud fallout.
This kind of layering, particularly when occurring in thick
units, is typical of deposition on intertidal flats. It has also
been reported from deltaic or lacustrine environments
characterized by strong variation in sediment supply (Rei-
neck and Singh 1973).

In the Almesakra Group the components are mostly san-
dy silt and clay, occasionally fine sand and clay. Ripples
formed by predominantly oscillatory flow are suggested
by the type of lamination seen in some siltstone lenses (cf.
Fig. 35).

The wacke-stone layers are interpreted as re-deposited
sand and mud; the grain size is strongly bimodal. Up-
wards, these layers generally grade into argillite or sand-
stone while the lower boundaries are sharply defined.
These features are most easily explained by deposition
from currents of more than average energy with capacity
to erode mud deposited during preceding periods of low-
water.

Red hematitic mudstone indicates deposition in oxidiz-
ing environments (Turner 1980). Mudcracks, that are
clearly V-shaped and sand-filled and indicate that de-
watering occurred by exposure to air, are scarce in the
Almesakra argillites. This may be because mud laminae
are mostly thin or because soft-sediment deformation is
very common (cf. Fig. 44 and p. 35). The complete and
regular development of two generations of mud cracks
seen on many bedding surfaces suggests, however, that
the cracks were caused by desiccation (Plummer and Gos-
tin 1981, Allen 1982).
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The clay-pebble breccias are common in the argilli-
te/fine-grained sandstone association described below.
Such breccia beds are ubiquitous in ancient alluvial se-
quences of interbedded mudstone and sandstone (McKee
1954, Allen 1962, Pettijohn 1975). They are also common
in deltaic sequences (Taylor 1963) and have been reported
from tidal flats (Reineck and Singh 1980). Their presence
indicates that the currents were periodically strong
enough to erode mud-cracked layers. The oblong and an-
gular '’ripped-up-clasts’’ have clearly been transported
over short distances only. Rhythmically occurring
intraformational breccias or conglomerates of this type
have been reported from a number of ancient continental
deposits. Although individual layers are thin and contri-
bute little to the total thickness of sedimentary sequences,
such beds are often very frequent. Thus, there are 6 to 8
beds of clay-pebble breccia to each 100 m of sandstone in
parts of the lower Old Red Sandstone described by Allen
(1962). In the basal Mattarp beds west of Bodafors, there
are on average one breccia layer to each metre of the host
sandstone (Fig. 40).

THE ARGILLITE/FINE-GRAINED FELDSPATHIC
SANDSTONE ASSOCIATION

Description. — The sandstone of the argillite/fine-grained
sandstone association is grey, reddish or buff in outcrops.
The composition is arkosic to subarkosic, the matrix con-
tent is usually below 15%. Most of the feldspar is altered,
mainly to sericite. The average contents of lithic and o-

Fig. 37. Clay-pebble breccia in sandstone. Scale in centimetres. Polish-
ed hand specimen from an outcrop c. 3 km S of locality Mattarp 2 in
Fig. 4.
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Fig. 38. Well-defined lamination in medium-grained quartz-rich and
fine-grained sericitic sandstone of the Nassjo Formation. Plain light.
Sample from outcrop c. 2 km N of locality 1 in the Nassjo subarea,
FBig. 5.

paque grains are much lower than in the red arkosic sand-
stones but higher than in the medium-grained sandstones
of the Branteberg Formation (Table 3).

Quartz usually dominates among the authigenic mine-
rals, especially in relatively coarse layers consisting main-
ly of detrital quartz grains. Silty to very fine-grained san-
dy laminae contain much sericite mostly derived from
altered feldspar (Fig. 38). The matrix here is largely a
pseudomatrix (Dickinson 1970). Authigenic epidote and
chlorite minerals tend to dominate in some laminae or thin
beds. Hematitic mud occurs in pores between the sand
grains or in laminae or thin beds of red wacke-stone. An
alternation of colour bands ranging from dark grey (N4)
to pale olive-grey (5Y 6/1—4/1) or pale red (R 6/2) is thus
produced, seen particularly well on weathered surfaces. A
highly calcareous variety of the argillite/fine-grained
sandstone association occurs in a small area at Lake Ham-
naryd (Fig. 1) enclosing formerly well-known ’’limesto-
ne’’ quarries. This sandstone variety contains the largest
single concentration of authigenic calcite found in the
Almesakra Group (cf. Petrography p. 67).

Several sequences in the Spexhult area (Figs. 39, 40)
exemplify the thin bedding and variable lithology general-
ly found in this association. In the composite section of
Fig. 39, which comprises at most 25 m of typical beds of
argillite/fine-grained sandstone, sandstone beds occur at
irregular intervals. They are mostly fine-grained or very
fine-grained and irregularly laminated by silt or silty clay.
Where argillites dominate they occur in units up to 20 m

thick with subordinate sandstone beds of variable thick-
ness and lateral persistence. In some argillite units there
is a more or less evident trend of coarsening upwards. Sil-
ty layers become thicker and/or tend to be more frequent.
In the sandstones, no systematic variation in grain size or
bed thickness can usually be observed.

Parallel lamination is predominant in the basal deposits
of the Nassjo Formation (Figs. 40, 41). It is the most com-
mon sedimentary structure observed in the sandstones of
the argillite/fine-grained sandstone association. Laminae
of mudstone or very fine-grained sandstone occur singly
or in groups at irregular intervals. Mostly in the medium-
grained sandstone a few cross-stratified beds have been
observed (Figs. 39, 40). The cross-strata are of the
trough type, the sets being mostly solitary and at most
0.2 m thick (Fig. 39).

The lower contacts of sandstone beds against argillite or
argillite-dominated units are sharp. They are mostly pla-
nar and the downward bounding surfaces lack channeling
features. The transition upwards from sandstone or
sandstone-dominated beds into argillite is mostly abrupt,
but gradual transitions are seen in the upper part of the
southeastern profile (Fig. 39). Because of the soft-
sediment deformation structures commonly found in beds
of this association, the character of the facies transitions
is generally difficult to assess.

In some sandstone beds, lensoid structures can be seen
in cross-section. They range from a few centimetres to 2
m in width and differ from the surrounding sandstone by
their colour and often by slightly coarser grain sizes. In
the largest observed lensoid structure there is an internal
lamination which is concave upward and roughly con-
formable to the shape of the lens. Very small-scale
cross-lamination can be seen locally.

Small-scale ripple marks with wave-lengths less than
0.1 m occur on bedding surfaces in most exposures of the
association. They are regular and straight- to somewhat
curving-crested, that is ’’two-dimensional’’ (Harms et al.
1982), and commonly have rounded crests (Fig. 42). In
vertical profile transverse to the crests, the ripple marks
are symmetrical or slightly asymmetrical and represent a
combined-flow type of oscillation ripples (wave ripples).
Ripple marks of the same type are found on mud-coated
surfaces and may be associated with mud cracks.

Soft-sediment deformation is common in this associa-
tion. Thin beds of sandstone laminated with mudstone
often display mud-cracked surfaces with infillings of san-
dy material up to a few centimetres wide (Figs. 43, 18).
The mode of infilling, whether by hydrostatic injection of
sand or by sedimentation from above cannot always be
determined. In some cases, however, a faint side-parallel -
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Fig. 39. Type sections through argillite and fine-grained sandstone of the Nissjo Formation at locality 1, Fig. 5. Lithology is shown to the left,
grain size and structures to the right. The observations were made in two outcrops, c. 50 m apart, in a NW-trending fault scarp facing north and
topped by a dolerite sill. The beds dip gently mainly NW. The NW sequences are displaced relative to the SE sequence by a minor fault trending
E—W. The two NW sequences are separated by unconformably intruding dolerite. The average grain size of the sandstone is shown in Phi units
at the base of each section. The grain size was estimated by hand lens, the observations verified in several representative thin sections.
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Mattarps beds (see Fig. 4). The sequences Mattarp la and b lie c. 50 m apart in a west-facing fault wall topped by dolerite. The basal conglomerate-
breccia is exposed beneath sequence a and is inferred beneath sequence b. The sequences Mattarp 2¢ and d are exposed on a hillside 1.6 km SSE
of Mattarp 1. The base of the sequence Mattarp 2d lies at a stratigraphic level about 15 m above the top of sequence 2¢. The sandstone at Mattarp
2 belongs mainly to the red arkosic sandstone facies. A dolerite sill crops out further up the hillside. At both localities bedding is horizontal to
gently dipping with variable strike. Average grain size and directional structures are shown as in Fig. 39.
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Fig. 41. Parallel lamination in argillite bed overlying granitoid base-
ment. Part of the basement can be seen below the compass which is 10
cm long. Outcrop on the SSE shore of L. Sjunnaryd, Fig. 1.

lamination of the sand-filled mud cracks suggests injec-
tion of the sand by laminar flow (Fig. 43). In cross-sec-
tions small irregular sand bodies may be seen to protrude
from these injected dykes or from deformed sandy layers
(Fig. 44).

The soft-sediment deformed structures have complex
three-dimensional shapes. Most are seen as steeply inclin-
ed zones of faintly structured sand which are discordant
to lamination and resemble the pillars of type B of Lowe
(1975). The pillars, of variable height, are commonly less
than one centimetre wide. They may be larger locally and
numerous. In some beds (e.g. at Lake Hamnaryd, cf. Fig.
26), the pillars are more or less funnel-shaped and may
exceed 0.2 m in height.

Interpretation. — The range of grain size and many cha-
racteristics of the interlayering of the argillite and the fine-
grained sandstone show that this association can be inter-

Fig. 42. Train of “’two-dimensional’’
ripple marks with regular, slightly curv-
ing crests. The ripple crests are marked
with black lines; black dotted lines at left
denote secondary crests. Scale in centi-
metres. Outcrop 2 in the Marbick sub-
area, Fig. 24.
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preted as belonging to the top stratum of a flood or delta
plain or possibly to a tidal-flat environment. The rapid
shifts of flow conditions and the shallow water depths,
which can be inferred from such features as thin layering,
the erosion of mud layers, small-scale ripple marks and
the presence of hematitic mudstone, exist in all these envi-
ronments (Allen 1964, Reineck and Singh 1973, Allen
1982).

Parallel-laminated sandstone beds are a prominent fea-
ture of the association. They indicate deposition on plane
beds, probably under rapid flow conditions approaching
the upper flow regime. This conclusion is supported by
the observation that trough cross-stratification tends to
occur only in beds which are somewhat coarser than aver-
age (cf. Harms ez al. 1982). The cross-stratified beds indi-
cate deposition on dunes (megaripples) at lower velocities
of flow.

The ripple marks indicate shallow water and a dominant
oscillatory component of the flow. The rounded crests
suggest that the ripples were formed at high flow veloci-
ties (Harms ez al. 1982). Ripple marks of this type prevail
in the Almesakra fine- to medium-grained sandstones (see
Fig. 13) but are best exposed in beds of the Forserum For-
mation and the upper part of the Branteberg Formation.
Additional aspects are considered in the section on palaeo-
currents (p. 51).

Thinly interlayered muds and sands which may be
ripple-laminated are sometimes referred to as a
““turbidite-like association’’ (Allen 1982). They are pro-
duced by river systems during periodic flooding of inter-
channel areas by overbank flow or by *’crevassing’’, e.g.
splitting of the channel bank (Doeglas 1962, McKee e al.
1967, Reineck and Singh 1973). Sedimentation in chan-
nels of deltas strongly influenced by tides and storms pro-
duces a similar form of interlayering (Reineck and Singh
1973)
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The lensoid structures observed in some beds and the
tendency for the grain size to increase upwards (Fig. 39)
give additional indications regarding the mode of deposi-
tion. The lensoids are interpreted as cross-sections of
minor channel-fills. In the largest structure observed, con-
ditions seem to have been in accordance with those in sub-
merged channels (Reineck and Singh 1973). The tendency
of the lower contacts of the sandstone beds to be sharp,
and the channeling features, suggest that part of the sand-
stone could have originated by crevassing of a river bank
(Elliott 1974).

Upward increase in thickness and frequency of silty-
sandy laminae is common in silty clays deposited in
fluvial-lacustrine environments. Upward coarsening of
this type is produced when fluvial materials fill in a de-
pression in a plain, e.g. by an advancing small delta (Cole-
man 1966, Kelling 1968, Oomkens 1970). Similar se-
quences are reported from ancient deltaic-lacustrine se-
quences (Taylor 1963) and also from intermontane
tectonically controlled basins (Bryhni 1978, Pollard ez al.
1982). In the top strata of some environments of this kind,
e.g. in the Carboniferous and Cretaceous, red mudstones
(McBride 1974, Turner 1980) are as common as in the
Almesakra Group.

The argillite/fine-grained sandstone association pro-
bably represents various flood plain — lacustrine or pos-
sibly deltaic deposits. Support for the former, more proxi-
mal, model may be found in the close field association be-
tween argillite beds and sandstones with interbedded
coarse conglomerates which are clearly of a fluvial type
(cf. p. 10 and Fig. 9).

Fig. 43. Partly oriented orthogonal mud-
crack pattern in argillite at the base of the
Nissjo Formation. Lamination seen in
the sandstone filling the cracks is parallel
to the edges of mudstone polygons sug-
gesting that the sand has been injected by
laminar flow from below. Hammer 0.4
m. Outcrop on the SSE shore of L. Sjun-
naryd, Fig. 1.

The majority of the sand dykes, filling mud cracks in
argillitic sandstones of the Nissjo Formation, are probab-
ly caused by the injection of fluidized sand. The various
pillars and deformed sand layers are interpreted as water
escape structures (Lowe 1975, Allen 1982), that is, caus-
ed by fluidization and water expulsion. The pillars repre-
sent fluidized sand that has moved discordantly upwards
in columns and sheets. Soft-sediment deformation of this
kind is penecontemporaneous with early compaction and
deposition. It occurs in sediments of coarse silt to gravel
grades but is commonest in silts and fine sands (Dionne
and Shilts 1974, Lowe and Lo Piccolo 1974). It has been

2 cm

Fig. 44. Water-expulsion structures in argillite/fine-grained sandstone.
An irregular sand body has disrupted the layering and partly extruded
as a "'sill’’ along the bedding surface above. Polished hand specimen
from the lower part of the SE sequence, Nissjo 1, in Fig. 5. Photo by
S. Stridsberg.
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reported widely from waterlaid sequences of rapid accu-
mulation that promotes loose packing (Allen 1982). The
frequency and scale of pillar structures are believed to be
positively correlated with the accumulation rate of the
overburden. In heterolithic sediments, ’’loading compac-
tion’’, that is, compaction by the rapid advance of super-
posed sand beds on to piles of interlayered cohesive and
non-cohesive materials, may be sufficient to trigger off
local fluidization (Lowe 1975). Sands deformed in the
soft-sediment stage, and injection structures, have often
been reported from distal alluvial fan environments (Lam-
ing 1966).

Injected sand dykes and sills, often of large scale, are
also reported to form as a consequence of earthquakes.
Cyclic disturbance initiates the collapse of cohesionless
sediments which are fluidized and then driven upwards by
density inversion or inclination of the depositional area
(Hayashi 1966, Hesse and Reading 1978, Bryhni 1978).

The water escape structures in the Almesékra argillitic
sequences are clearly larger (up to 0.3 m) and more fre-
quent in the Nissjo Formation of the Néssjo-Lake Hamna-
ryd area than in other lithologically and depositionally
comparable units in the western part of the Spexhult area.
In the Branteberg sequence in the Forserum subarea, pil-
lars are infrequent and at most a few centimetres high.
Along with loading compaction, tectonic events may have
caused much of the soft-sediment deformation. This is
supported by the lack of slumping features in this facies
association (cf. Allen 1982).

THE RED ARKOSIC SANDSTONE

Description. — The red arkosic sandstone, occurring
most typically in the east-central Spexhult area, is a fine-
to medium-grained, mainly greyish red (5R 4/2) arkose.
Because of diagenetic modification, the textural characte-
ristics are often difficult to assess. The sandy detritus
appears to be moderately sorted. In most of the studied
samples the grains are subangular to subrounded (Fig.
45).

This sandstone is rich in lithic grains and opaques and
occasionally verges on a lithic arenite (cf. Fig. 60a). The
whole-rock content of feldspar detritus ranges between
9% and 26%, the average being 20%. K-feldspar is ap-
proximately as common as or lower than plagioclase, in-
cluding feldspar pseudomorphs (Table 3c¢). The variation
of feldspar types is wider than is usually observed in the
Almesdkra feldspathic sandstones. Finely structured
— patch- and string-perthitic grains, which are almost whol-
ly restricted to this lithofacies, are commoner than coarse-
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perthitic types. Accessory minerals include epidote and
titanite which are uncommon or lacking in other facies.
Micas are more frequent than in other sandstones of this
grade and may amount to 1—2%.

The colour of the sandstone is due to hematite which is
largely present as numerous grains of specularite and
pseudomorphs after mafic minerals and rock fragments.
The average content of coarse hematite is nearly 4% (cf.
Table 3c). Authigenic clay minerals are commonly the
first cement coating the detrital grains. Authigenic quartz
is low as compared with other non-argillitic sandstones.

Most of the outcrops in the poorly exposed areas display
massive beds of medium thickness and beds with parallel
lamination defined by fine sand or silt that is often rich in
opaques. Laminae of silty claystone may occur exception-
ally. The lamination is generally not sharply defined. The
laminae are mostly persistent, they are even and parallel,
often occurring in groups. There is sometimes a thin inter-
bedding of medium-grained sandstone with fine-grained
sandstone. Sets of large-scale trough cross-stratification
up to 0.3 m in thickness are observed in a few outcrops.
Some cross-strata display soft-sediment deformation
structures such as overturned cross-bedding. The cross-
stratified sets alternate with thin beds with parallel lamina-
tion.

Ripple marks of the same type as those in the argilli-
te/sandstone association have been found mostly in boul-
ders and blocks. Coarse layers, e.g. thick laminae con-
taining granules and small pebbles, occur exceptionally.
Red clay chips, at most a few centimetres across and often
rounded, are found locally on bedding surfaces or scatter-
ed in the sandstone. Thin (1—5 cm) beds of clay-pebble
breccia occur in a few exposures of this sandstone where
it is transitional into the argillite/sandstone association
(Fig. 40:2).

Interpretation. — The grouped sets of cross-strata indi-
cate deposition on dunes. The restricted textural range of
most of the lithofacies and the paucity of structures other
than parallel lamination indicate a shallow-water environ-
ment. The scarcity of mudstone layers shows that flow
conditions were less variable than during the deposition of
the argillite/sandstone association (cf. Harms et al. 1982).

The large-scale trough cross-stratification which alter-
nates with parallel lamination in part of the red arkosic
sandstone suggests that the parallel-laminated beds were
deposited under flow conditions of the upper regime. The
same general interpretation also applies to other parts of
this facies lacking association between parallel-laminated
and cross-stratified beds and other diagnostic features.
Persistent, not sharply defined parallel lamination in rela-




ALMESAKRA GROUP

tively fine-grained sands has been reported from sands in
numerous present-day rivers, e.g. from the "’horizontally
laminated’’ flood deposits produced by rapid, strong shal-
low flows (McKee et al. 1967) and also from tidally in-
fluenced sands.

The overturned cross-beds are believed to indicate that
strong drag was exerted on previously deposited, water-
logged strata when the flow increased after a temporary
slack or low-water interlude (Allen and Banks 1972). Si-
milar phenomena have been reported also from distal
parts of alluvial fans where ground-water rises towards
the surface thus increasing the hydrostatic pressure on soft
sandy sediments (see Pettijohn e al. 1973, Dott and Doe
1980).

THE MEDIUM—GRAINED FELDSPATHIC
SANDSTONE/COARSE CONGLOMERATE ASSOCIATION

Description. — The conglomerates of this association are
clast-supported. They are bimodal, displaying pebble- to
cobble-sized clasts in a matrix which is generally a mode-
rately sorted sand. The beds usually have sharp lower and
upper contacts. There is sometimes a gradual transition
from a conglomerate bed into sandstone with scattered
pebbles. Individual conglomerate beds cannot be traced
for more than a few metres in any direction. Often they
wedge out laterally and merge gradually into sandstone.
On bedding surfaces, clusters of large particles sometimes
suggest remnants of local channels. The conglomerate
matrix is not as well sorted as the associated sandstone and
is generally also more immature in composition.

The associated sandstones are often massive. Lamina-
tion of several types occurs mainly in sandstones of the
Forserum Formation. It is defined by variation of the feld-

Fig. 45. Texture and cementation in red arkosic
sandstone of the Nissjo Formation. Quartz cement
fills pores between grains coated with clay mine-
rals. Note poor roundness and scattered specularite
grains and hematitized biotites, one of which
(white arrow) is replaced by titanite. Plain light.
Sample from outcrop N of Bodafors, Fig. 1.

spar content. The lamina sets are mostly 0.1—0.2 m thick.
Separate sets seen in various sections may persist laterally
for a few metres. The sets of sub-parallel or very low-
angle discordant laminae do not appear to truncate each
other as do similar sets observed in the wave-generated
’swash’’ lamination of beach sands (cf. Reading 1978,
Thompson 1937). In most sections, the type of bedding
described alternates with medium to thick beds with even
parallel lamination (Figs. 18, 46) and occasionally with
indistinctly cross-laminated thin beds of the same litholo-
gy and grain size. Distorted and compressed bundles of la-
minae in a few beds indicate soft-sediment deformation
(Fig. 46:1).

Units of the medium-grained sandstone/coarse conglo-
merate association can locally be estimated to have thick-
nesses of about 100 m (cf. Figs. 10, 18). Sandstone clearly
dominates over conglomerate. The conglomerate beds are
mostly less than 0.3—0.4 m thick and occur in groups in
most sections.

The bed thickness distributions for coarse conglomera-
tes are shown in Fig. 47. In the ’’sandy’’ conglomerates
as well as in the ’’fine-gravelly’’ ones, most beds are thin
or medium-thick. This may be because about one third of
the beds were observed in eroded outcrops where they
presumably do not display their maximum thickness.

The distributions of maximum particle size (MPS) are
similar in the two associations (Fig. 47). Both tend to be
bimodal and skewed towards finer sizes. When bed thick-
ness is plotted against MPS there is pronounced overlap
between conglomerates belonging to the fine and coarse
conglomerate/argillite association and those belonging to
the medium-grained sandstone/coarse conglomerate asso-
ciation (Fig. 48). There is little or no correlation between
MPS and bed thickness except for small MPS and thin
beds.

41



AGNES RODHE

\ Lenticular or
\ Cross-stratification flaser bedding Mud
R Soft-sediment
Parallel lamination & Z
% 8 C:; deformation structure .
S Wavy or irregular
L ; Coarse conglomerate Sand
lamination
« & o Granules-
m v « ® | —fine pebbles
= T
20+
6 |
m
(=2~ =) 3
"
==
s 104 24°
4 | "—Q//\\a
——
¥ th
] i — 5
—— d . dolerite | g
- —~ ;
 fault .-
= o 3 :
2 | B | doleme' 10m covered |
i |
4 — |
- |
L |
) : | covered 30 m
24
——— |
e
|
0 ~ | | covered 5 m !
l . R I T T T ll [7 B asn ] T T
L2024 ¢ Basement ¢ Basement | , 5, $
Forserum 1 Forserum 2 Forserum 3 a 3b

Fig. 46. Sections through the Forserum Formation. The observations were made in the outcrops denoted by digits in Fig. 14. The sequence
Forserum 2 was observed at Forserum in steeply east-dipping beds overlying faulted basement rocks and intruded by dolerite. The sequences Forse-

rum 3a and 3b were observed in steeply to gently dipping beds on a small horst of basement

c. 2 km S of Forserum. Average grain size shown

as in Fig. 39. Sequences Forserum 1 and 2 are type sections of the Forserum Formation.

Interpretation. — The interbedded sandstones and coarse
conglomerates represent fluvial deposits, probably mainly
lag deposits of various channels. This is suggested by the
predominance of thin bedding in the conglomerates, the
poorly defined stratification and sharp contacts with
sandstone, as well as by the poor sorting (Fig. 49 and

42

Table 4) and the local channelling features (cf. p. 41 and
see Harms er al. 1982). Little or no correlation between
MPS and bed thickness is to be expected in coarse lags of
sandy river channels or in the gravels of braided streams
(Bluck 1967). Both environments are characterized by
considerable reworking of older deposits. The thickness
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of eroded and redeposited beds bears little or no relation-
ship to the competence of the initially depositing flow.
Therefore, there is also little correlation with the size of
the largest deposited particles.

The low-angle discordant and parallel lamination seen
in many sandstones of this association points to deposition
by flows of the ’upper flow regime’’. The main reasons
for this interpretation are the close association in the field
with beds displaying even, parallel lamination and the
occurrence of cross-bedded units in the sequences (cf. in-
terpretation of parallel lamination in the fine-grained
sandstones on p. 38 and Harms er al. 1982).

Bed thickness
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/coarse conglomerate
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Fig. 48. Bed thickness plotted against maximum particle size in coarse
conglomerates of the Almesakra Group.
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Fig. 47. Distribution of maxi-
mum particle size (MPS) and bed
thickness of conglomerates of the
fine and coarse conglomerate/
argillite association (left) and of
coarse conglomerates of the
medium-grained sandstone/coar-
se conglomerate association
(right).
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Fig. 49. Particle size distributions of coarse conglomerates. A, C, E:
Nissjo Formation, B: Forserum Formation, D: Branteberg Formation,
F: Storekvarn Formation. The distribution of 79 MPS values is shown
in diagram G.
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Fig. 50. Type sections through the conglomerates and sandstones of the Branteberg Formation overlying the unconformity over the Nissjo Forma-
tion. The observations were made in the outcrops denoted by digits in Fig. 12. Upper right: sketch showing the stratigraphic order of the sequences
1—6 shown in the sections, with approximate height levels in metres. The base of the sandstone of the Nassjo Formation in section No. 1 is taken
as the 0 m-level. Average grain size and directional structures are shown as in Fig. 39. The argillite bed overlying the unconformity between
the Nissj6 and Branteberg Formations in sequence No. 1 is not seen in outcrop but is inferred from numerous cobble-sized angular clasts found

at this level.

DEPOSITIONAL SEDIMENTARY FACIES OF
THE BRANTEBERG FORMATION

The fine and coarse conglomerate/argillite and the
medium-grained feldspathic sandstone/fine conglomerate
associations dominate the Branteberg Formation se-
quence.

THE FINE AND COARSE CONGLOMERATE/ARGILLITE
ASSOCIATION

Description. — The texture and typical interlayering of
this association are shown in Fig. 50, which represents se-
quences studied in the Branteberg subarea.

44

Stratification is planar or inclined at very low angles
(Fig. 51). It is defined mainly by the interbedding of
coarse and fine conglomerates (Fig. 50). Less well-
defined stratification in the fine conglomerate beds is indi-
cated by small-scale interlayering between sandy gravel
(gravel mode at 4—5 mm) and granules mixed with subor-
dinate coarse sand (gravel mode at 2—3 mm). The beds
of fine conglomerate contain numerous large pebbles and
cobbles which occur scattered or in thin layers and patchy
accumulations (Figs. 50, 52). The coarse conglomerates
are polymodal with poorly sorted, coarse-sandy granular
matrix. The beds have predominantly gradational con-
tacts.

In units with high contents of sand, the beds sometimes
display sets of cross-strata (Fig. 52) which may be group-
ed. The sets have variably curved, erosional lower and
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Fig. 51. Planar stratification in beds of fine and coarse conglomerate
of the Branteberg Formation. Hammer 0.5 m. Outcrop No. 2 in the
Branteberg subarea, Fig. 12.

upper contacts; they persist laterally for at most a few met-
res. The thickness of the sets ranges from 5 to 30 cm,
which is similar to that of the sets in the cross-stratified
overlying sandstones (cf. p. 46). An upward decrease in
set thickness and average grain size is observed in some
of the sections (Figs. 50:4,6).

The proportion of coarse gravel estimated in the sec-
tions varies between 40% and 60%. The distribution of
maximum particle size (MPS, cf. p. 27) is bimodal with
the strongest mode at 3—S5 cm and the other at 9—11 cm
(cf. Fig. 47). The correlation between MPS and bed thick-
ness is poor (cf. Fig. 48).

Red (10 R 4/2) or grey (N 4), massive or parallel-
laminated siltstone is a minor component of the associa-
tion. The siltstone occasionally grades into claystone or

Fig. 52. Large-scale trough cross-stratification in
sandy fine and coarse conglomerates of the Brante-
berg Formation. Note lenticular bed of coarse
conglomerate (centre) and part of second bed
(above). Hammer head, lower right, 14 cm. Out-
crop No. 4 in the Branteberg subarea, Fig. 12.

very fine-grained sandstone. These layers range in thick-
ness from about S mm to 5 cm. They are often observed
in shallow depressions on conglomerate bedding surfaces
just covering the pebbles. Exceptionally, a persistent unit
of this type may reach a thickness of 0.8 m.

In deposits of a similar association in the Forserum
subarea, where very few beds of coarse conglomerate are
exposed, the fine conglomerates occur in thick beds. Red
clayey siltstone and fine-grained sandstone are major
components (cf. p. 17). Cross-stratification of the trough
type on various scales can be observed in the interbedded
sandstones and fine conglomerates. Small-scale sedimen-
tary structures include mud cracks, load structures and
ripple marks.

Interpretation. — The high gravel content of this associa-
tion indicates that it was laid down by a transport system
of considerable flow strength. Most features suggest de-
position from flows of fluctuating velocity and high sedi-
ment charge.

The coarse conglomerate beds indicate predominant
tractional transport by being clast-supported and display-
ing preferred orientation of the long axes of the pebbles.
The very poorly sorted fine conglomerate beds lack pre-
ferred orientation of the particles. This indicates that the
detritus was predominantly transported in suspension.
The gradational contacts between the beds suggest fluc-
tuating flow and the grain sizes of framework and matrix
in the coarse conglomerates suggest largely simultaneous
deposition of bed load and suspended load (cf. Harms ez
al. 1982). These features indicate subaqueous transport
on a slope at high sediment charge. A depositional en-
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Fig. 53. Sets of large-scale trough cross-strata in the medium-grained
sandstone/fine conglomerate association. The traces of foresets have
been filled in with black on the rock. Carpenters rule c. 2 m. Outcrop
No. 5 in the Branteberg subarea, Fig. 12.

vironment of lower aliuvial fan type, that is, of pebbly
braided rivers is indicated (Walker 1975b, Boothroyd and
Nummedal 1978, Harms et al. 1982).

The type of stratification closely resembles that report-
ed from various types of gravelly bars forming in the up-
per reaches of modern pebbly and low-sinuosity rivers or
on glacial outwash plains (the ’’braided flows’’ of Rust
1972b, cf. also Gustavsson 1974, Smith 1974, Hein and
Walker 1977). Such bars are ephemeral bed forms. They
may be either transverse or elongated downstream and
migrate in this direction. Gravel bars often develop on
remnants of older lag by the deposition of the coarsest bed
load from shallow, rapid flows (Leopold and Wolman
1957, Eynon and Walker 1974). They are characteristic of
pebbly braided rivers with highly variable discharge and
abundant supply of coarse debris (Williams and Rust
1969, Miall 1977). The process of bar building from dif-
fuse gravel sheets moving only at maximum flow results
in a crude horizontal stratification. Cross-bedded gravels
tend to occur at lower rates of discharge and have finer
gravel modes (Hein and Walker 1977). In the sequences
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2 and 3 shown in Fig. 50, planar or very low-angle stratifi-
cation is observed in thin coarse beds. There is also an
occasional low-angle cross-stratification. These features
suggest the preservation of superposed migrating gravelly
bars (Smith 1974).

In some sections (see Fig. 50), cross-stratified sandy
beds are observed. They resemble units which have often
been described as interlayering various massive or crude-
ly bedded gravels. They are believed to represent tempo-
rary bar margins or minor channel-fills or both (Miall
1977, Harms et al. 1982). The occurrence of interlayered
siltstone or mudstone in the conglomerates agrees with
this interpretation. In most descriptions of the deposits of
present-day, pebbly braided rivers, a thinly bedded fine-
grained facies has been noted. Massive and laminated, up
to a few centimetres thick mud-and-silt drapes or laminat-
ed fine sand, silt and mud, may form layers in restricted
undisturbed areas such as abandoned stream channels or
sheltered spots on small beaches downstream of the bars
(Rust 1972b, Gustavsson 1974, Miall 1977, Reading
1978).

In the Branteberg subarea, the facies sequence over-
lying the unconformity between the Branteberg and Nas-
sjo Formations (cf. p. 15) can be traced stratigraphically
upwards for almost 100 m. The gravelly and sandy facies
are closely related. The transitions between gravel- and
sand-dominated beds are usually gradual and symmetrical
(cf. Selley 1969, Harms et al. 1982).

THE MEDIUM-GRAINED FELDSPATHIC SANDSTONE/FINE
CONGLOMERATE ASSOCIATION

Description. — For this association the variations in grain
size, gravel content, thickness of beds and type of strati-
fication have been recorded in a number of vertical sec-
tions (see Figs. 50, 53).

The prevalent sedimentary structure is a large-scale
trough cross-stratification occurring in cosets. Erosional
surfaces are slightly curved or almost planar. Cross-strata
are upward-concave and more or less tangential to the
lower boundaries of the sets (Fig. 53). The sets are typi-
cally 15—20 cm thick, but may range up to about 30 cm.
The sets persist laterally for at most a few metres. The
dips of cross-strata are 15° to 20° in tectonically undis-
turbed units and the strata range in thickness from a few
millimetres to about 2 cm. They are defined by grain-size
variation, e.g. medium sand alternating with coarse sand
which may be rich in granules and pebbles (Fig. 50). As
seen in most sections, the cross-stratification resembles
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the *’low-angle planar cross-stratification’” described by
High and Picard (1974), which is distinct from the ’high-
angle avalanche-front type’’ of these authors. When clear-
ly developed, the cross-stratification is of the m-type in
Allen’s scheme (Allen 1963, Fig. 4) which is the ’’three-
dimensional’’ end member in Allen’s later (1982) system
of bed form dimensionality.

The cross-stratified units alternate with medium to thin
sandstone beds which are massive or display parallel lami-
nation. A few very thin sandstone beds may be fine-
grained. Fine conglomerates, e.g. single or grouped pa-
rallel laminae or thin beds of granules and pebbles, occur
between the cross-stratified beds. They are texturally and
compositionally indistinguishable from the coarsest-
grained foreset laminae in these beds. In the field, this as-
sociation exhibits transitional relationships with the con-
glomerate/argillite association described above (p. 44f.).

Interpretation. — The alternation between large-scale
trough cross-stratified units and parallel-laminated or
massive sandstone beds indicates deposition by flows al-
ternating between the ’’lower’’ and ’’upper flow re-
gimes’’ (Harms et al. 1982). The trough cross-stratifica-
tion was generated by the downstream migration of dunes.
Dunes are ’’three-dimensional’’ large ripples, i.e. with
curving and irregularly spaced crest lines. They are more
variable in height than the ’two-dimensional’” ripples de-
scribed above (cf. p. 35). The parallel-laminated sand-
stone beds indicate deposition on plane surfaces.
Subaqueous dunes deposited in fairly shallow troughs
up to a few metres in length seem to have been the do-
minating bed form of the cross-stratified sands. Accord-
ing to many students of modern deposits of this kind, there
is a tendency for ’’two-dimensional’’, tabular cross-
stratified large ripples to represent lower average flow
velocities than do more ’’three-dimensional’’ types
(Harms et al. 1982). On the other hand, some grain-size
effects recorded in the literature indicate that dunes form-
ing in coarse sands and fine gravels have smaller ampli-
tudes and also tend to be less *’three-dimensional’’ than
those forming in finer deposits (Allen 1982, Rust 1972b).
The thin, granular and gravelly coarse beds occurring
between the cross-stratified units probably reflect fluctua-
tions in depth of water or in bed-load composition rather
than major changes in flow regime (Collinson 1970). De-
posits of this kind are commonly encountered in sandy flu-
viatile environments ranging from point-bars in high-
sinuosity rivers to various bars built between channels in

low-sinuosity braided streams. Dunes are well known also
from tidally influenced estuaries, coasts and shallow mari-
ne platforms; their general scale increases with the scale
of flow (Allen 1982).

The facies sequence. — The gradual transition from
coarse conglomerates to cross-stratified sandstones de-
scribed above probably indicates a shift from more proxi-
mal to more distal alluvial fan environments. Support for
this interpretation is found in the general continuity of the
sequence of facies and bed forms. Additional support
comes from various studies of present-day rivers which
show that sand-dominated bars tend to increase in frequ-
ency downstream in pebbly braided rivers, whereas
gravel bars tend simultaneously to decrease (Smith 1970,
Miall 1977, Rust 1979).

The westerly palaeocurrent directions (cf. p. 49), the
large initial content of fine granitoid debris, and the pro-
gressive decrease in this debris versus other components
(cf. p. 70'), suggest that, in addition to derivation from
uplands east of the Almesakra Group, the Branteberg For-
mation was derived from fault scarps in which the granit-
oid basement was exposed. The proximal-distal evolution
of the sequence was probably caused by a successive low-
ering of relief in the east; gentler depositional slopes caus-
ed finer detritus to be laid down. At the same time gra-
nitoid sediment sources became subordinate to upland
source areas which appear to have consisted largely of
older sedimentary cover and porphyries. An alternative
explanation could be lateral shifts and consequent gradual
abandonment of stream channels on the proximal fan(s).
This model appears less probable because of the wide
extent of essentially similar sequences north of Branteberg
in the Raléngen area.

The relative thinness and the upwards decreasing grain
sizes in the Branteberg Formation suggest that the deposi-
tion of the alluvial fan was caused by a single episode of
faulting rather than by repeated displacements charac-
terizing strike-slip faults (cf. Heward 1978). Thus, the
marginal faults which controlled the deposition of the
Branteberg Formation in the Raldngen area were probably
regional vertical faults.

In the northern Ralangen area and also in the minor oc-
currences of the Spexhult area, cross-stratified sandstones
are prevalent and coarse conglomerates are few. This in-
dicates a general change of the depositional environments
from relatively proximal, pebbly braided rivers to more
distal, sandy rivers.
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DEPOSITIONAL SEDIMENTARY FACIES
OF THE STOREKVARN FORMATION

THE GREY QUARTZITIC SANDSTONE

Description. — The quartzitic sandstone is commonly a
greyish subarkose with a low feldspar content (Table 3).
Pure white or pink quartz-arenitic types occur in several
6utcrops. The detritus is a well-sorted to moderately sort-
ed medium-grained sand with rounded to well-rounded
grains (Fig. 54). Authigenic quartz occurs everywhere as
syntaxial overgrowths extending into and generally com-
pletely filling the pore space (Fig. 54). The detrital quartz
grains can usually be distinguished by rims of ’dust’’,
fine hematite pigment or, occasionally, by thin disconti-
nuous sericite coatings. This distinction is only partly pos-
sible in the purest white quartzitic sandstones and in samp-
les from tectonically disturbed strata. The feldspar is
mainly K-feldspar (cf. Fig. 63a), mostly microcline. In
most of the quartzitic sandstones, overgrowths of authige-
nic K-feldspar occur on the feldspar grains and may occu-
py up to 1% of the total rock volume.

In most outcrops, the sandstone is massive. In places,
poorly defined laminae rich in feldspar represent an ele-
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Fig. 54. Texture and typical cementation of the
quartzitic sandstone lithofacies, Storekvarn For-
mation. Q and F denote rounded quartz and feld-
spar grains, a denotes authigenic quartz. Note
local thin sericite rims and one straight cement-to-
cement contact (arrow). Most grain-to-grain con-
tacts are long or tangential, a few are sutured. Plain
light. Sample from an outcrop in the N. Spexhult
area, Fig. 1.

ment of sedimentary structure. The feldspar laminae may
sometimes be grouped, sub-parallel or discordant. Inter-
bedding with siltstone or mudstone is notably absent. The
small outcrops and the very common close jointing limit
structural observations. Local, incongruently high bed-
ding dips suggest the presence of some type of cross-
bedding. In one subarea, interlayering coarse conglome-
rates occur. The lower contacts of the conglomerate beds
are planar or slightly upward concave erosional surfaces.
The conglomerates are roughly of the same composition
and average particle size as those found in exposures of
the sandstone/coarse conglomerate association of the Nis-
sj0 and Forserum Formations.

Interpretation. — The quartzitic sandstones are interbed-
ded with coarse conglomerates of a type and depositional
facies resembling closely that of the conglomerates occur-
ring in the sandstone/coarse conglomerate association
described above (p. 41). This suggests that the quartzitic
sandstones were also laid down in a fluvial environment
(cf. p. 42). Petrographic characteristics of the quartzitic
sandstones and of the sandstones of the Branteberg For-
mation considered relevant to this are given below (p. 71).
The rest of the interpretation is therefore referred to p. 73.
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PALAEOCURRENTS

PALAEOCURRENTS IN THE NASSJO AND
FORSERUM FORMATIONS

In the case of the red arkosic and the argillite-associated
fine-grained sandstones of the Niassjo Formation, indica-
tions of paleoflow direction are inconclusive. Observa-
tions have been made in several outcrops in the Spexhult
area, most of them in the Néssjo subarea. Vectors were
derived from foresets in cross-stratified beds of different
sizes; only a few are based on observed trough axis direc-
tions. The rose diagram is bimodal, suggesting that
streams flowed towards the south and northeast (Fig. 56).
Ripple crest orientations in the same lithofacies indicate
that oscillatory wave train movements trended mainly
NW-—SE. The preferred orientations of particles on bed-
ding surfaces in the sandstone/coarse conglomerate asso-
ciation are more informative (Fig. 55). The long-axis dis-
tributions tend to be unimodal, the modes oriented ap-
proximately NE—SW. In a few cases imbrication
indicates transport towards the northwest.

A northwesterly direction of transport is also inferred
for the gravels of the Forserum Formation. The axial
modes of particles are similar to those in the Nissjo For-
mation, and imbrication indicates flow towards the north-
west. Most of the foreset azimuths in the associated sand-
stones were recorded from scattered instances of small-
scale cross-stratification (cf. p. 41). The crest orientations
for oscillation and combined-flow ripple marks show a
polymodal distribution.

PALAEOCURRENTS IN
THE BRANTEBERG FORMATION

In the Branteberg subarea transport was from east to west,
as shown by the orientation of foresets mainly in the cross-
stratified sandstones but also in the conglomerates (Figs.
55, 56). The spread in directions is large which is hardly
surprising. Flow directions, obtained from foreset azi-
muths in cross-stratified alluvial sediments of this type,
have a large variance (see e.g. Dott 1973, High and Picard
1974, Miall 1974). In present-day rivers, the mean vector
derived from the dip directions of foreset laminae in cross-

PALAEOCURRENT  MAP

Circular plots as

Schmidt diagrams showing
distribution of
two-dimensional

pebble long axes

Unfilled symbols: Nissjd
and Forserum Formations

Black symbols: Branteberg Fm

Dotted symbols: Storekvarn Fm

Observation localities
shown by points

30 degrees interval

Arrows indicate
flow direction

10 km

Fig. 55. Palaeocurrent indications in coarse conglomerates of the
Almesakra Group. Large numerals indicate the number of pebble long-
axis orientations recorded at each locality. Small numerals indicate the
localities where imbrication direction could be assessed (see Fig. 57).
Shaded areas with digits in circles are observation areas for cross-
bedding dip directions in the Branteberg Formation, the distributions
shown in Fig. 56.

stratified sand may be regarded as closely approximating
the local direction of flow (Smith 1972). In the sandstone
of the Branteberg subarea (Fig. 12), the azimuth readings
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are clustered, and distributed across rather than along the
inferred flow direction. This suggests the occurrence of
many channels; therefore, the sampling may be unrepre-
sentative. Later, variable low-angle (<10 °) tectonic tilt-
ing of the units can also be inferred. Since the attitude of
regional bedding could not always be determined exactly,
no correction was attempted.

In the central part of the Ralangen area, the direction of
transport was to the southwest (Fig. 56). Only a few read-
ings were obtained from scattered outcrops in the north-
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Fig. 56. Circular plots showing distribu-
tions of foreset dip directions of large-
scale cross-beds in the Branteberg For-
mation corresponding to the observation
areas in Fig. 55 (1 through 4), the total
Branteberg Formation (5), and of mainly
small-scale cross-beds in the Naissjo
Formation (6) and the Forserum Forma-
tion (7). The numerals at each plot in-
dicate the number of observations. Sector
width is 20°; mean vectors and angular
deviations were calculated according to
Curray 1956.

ernmost part of the Ralangen area. The detritus appears to
have been transported mainly southwards but also east-
wards. Similar transport directions were obtained from
the cross-bedded sandstones of the Branteberg Formation
adjoining the Forserum subarea to the east.
Palaeocurrent directions are also indicated by conglo-
merate fabrics which can be studied on bedding surfaces.
In the Branteberg subarea, the long axes of the conglome-
rate particles tend to have unimodal distributions oriented
NNW-—SSE, as seen best in prolate cobbles. Assuming

re

0 20 W &

% of total

Fig. 57. Imbrication directions of conglomerate pebbles as seen in the field in sections normal to the bedding plane. The diagrams show the distribu-
tion of apparent long axis dips as related to the trace of the bedding plane (horizontal lines). The numerals refer to observation localities (1 through

7) indicated in Fig. 55. Sector width 10° or 15°.
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1 2 3

Fig. 58. Distributions of ripple mark crest orientations in the Nassjo
Formation (1), the Forserum Formation (2) and the Branteberg Forma-
tion (3). The numerals indicate the number of observations.

that most of these have their long axes oriented transverse
to the direction of flow (cf. Harms er al. 1982, Johansson
1965), this agrees with the mean direction of flow record-
ed from the cross-strata. The local palaeoflow in the
gravel-transporting system was thus towards the west and
southwest.

Bedding surfaces with ripple marks are fairly common
in the upper, relatively fine-grained sandstones of the
Branteberg Formation in the Ralangen area (cf. Fig. 13).
The preferred orientations of the crestlines tend to cluster
between N—S and NE—SW (Fig. 58). A few ripple marks
have been noted in the lowermost units of the Branteberg
Formation, none in the Storekvarn Formation.
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As in the Nissjo and Forserum Formations, almost all
ripple marks represent ripples of a combined-flow type
(cf. p. 35). They are small-scale and generally slightly
asymmetrical (Fig. 59A). Form indices plotted in Tan-
ner’s (1967) diagram indicate that they are mostly wave
ripples of variable asymmetry. Only a few plot in the field
of overlap with current ripples (Fig. 59B). The ripples
represent oscillatory and oscillation-related movement of
water (Allen 1979). Application of Allen’s diagrams
(1979) relating ripple form parameters and sediment grain
sizes to the range of possible oscillation periods shows
that these are well below a limiting value for shallow wa-
ter. The wave ripples are therefore interpreted as due to
wave trains in shallow water moving in the direction of
decreasing water depth.

Small wave-generated ripples with wave-lengths of less
than 8 cm are common along the banks of some present-
day streams. They are believed to result from secondary
wave trains moving away from the channel and refracted
towards the shore at an oblique angle to the main flow
(Gustavsson 1974, cf. also Donaldson 1967, Williams and
Rust 1969).

Fairly prominent sinuosity, observed in one highly
asymmetrical wave train in the Branteberg Formation, in-
dicates current ripples (Reineck and Singh 1973). The
orientation of most steep crest faces suggests that the wave

Ripple index
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Fig. 59. A: Profiles of representative ripple marks in the Forserum For-
mation (a), in the Branteberg Formation (b). Numbers to the right indi-
cate the trends of the profiles in degrees from north. The ripple marks
were analysed with a profile comb. B: Ripple index plotted against ripp-
le symmetry index. Overlap fields are ruled.
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trains were usually moving towards the east and southeast
in the northernmost part of the Ralangen area. The only
current ripple observation suggests a similar direction.

No palaeocurrent analysis was attempted in the argilli-
te/fine conglomerate association of the folded sequence in
the central Forserum subarea. The sedimentary structures
are generally small in scale and very variable as to direc-
tion sense; also the beds dip steeply and the nature of the
tectonic disturbance is uncertain (cf. Fig. 16).

PALAEOCURRENTS IN THE STOREKVARN
FORMATION

In the conglomerates of the Storekvarn Formation in the
Vikskvarn-Storekvarn subarea, the preferred orientation
of pebble long axes varies between E—W and NNE—
SSW (Fig. 55). Imbrication of the particles indicates
northerly to westerly transport directions (Fig. 57).

SUMMARIZED CONCLUSIONS

There are few definite indications of palaeoflow direction
in the Nissjo Formation and the Forserum Formation; in
the sandy facies they are largely inconclusive. The prefer-
red particle orientation in the coarse conglomerates in the
northern part of the Spexhult area suggests that the gravels
were transported by streams flowing towards the north-
west.

In the Branteberg Formation palaeoflow indications are
abundant but variable, and seem in part to be related to the
local palaeoslope. Flow directions toward the west predo-
minate. They were observed in all measured outcrops; the
grand vector mean is 256 ° (cf. Fig. 56).

In the Storekvarn Formation, coarse conglomerates are
the only indicators of palaeoflow direction and suggest
that, in the southwestern part of the Spexhult area, streams
flowed towards the west or northwest.

PETROGRAPHY

The main purpose of this section is to consider sandstone
petrography in order to assess the provenance of the detri-
tus, its maturity and the character of the authigenic mine-
rals.

METHODS

The whole-rock compositions of the sandstones were esti-
mated by point counting 600 or more points in representa-
tive samples with reasonably well recognizable minerals
(v. der Plas and Tobi 1965). In Table 3 the results are
given as averages for groups. Grouping is largely accord-
ing to localities. Detritus compositions are- illustrated in
triangular diagrams, separate diagrams also showing the
composition of lithic fractions (Figs. 60, 61, 62). The
relative contents of K-feldspar and plagioclase including
feldspar pseudomorphs are given in Fig. 63. The parame-
ters for detritus and lithic compositions are defined ac-
cording to Okada (1971); chert grains are classified as
rock fragments. The definitions are given in Fig. 60 (cap-
tion).

A number of ’’stability indices’’ (see Table 3 for defini-
tions) have been calculated for the groups of sandstone
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(cf. Mack 1981, Blatt er al. 1980). The Polycrystalline
Quartz Index is bimodally distributed reflecting predomi-
nantly a grain-size effect, high values being characteristic
of the coarse sandstones and fine conglomerates of the
Almesakra Group (cf. Table 3). The Lithic Index and pos-
sibly the Perthitic Feldspar Index are of greater interest as
source rock and/or maturity indices. The Lithic Index
demonstrates the significant differences which exist be-
tween rocks of the same lithofacies and similar grain size
(Table 3c, columns 12, 13, 16). The Perthitic Feldspar In-
dex is usually variable within the groups. It differentiates
between sandstones of the red arkosic lithofacies and oth-
er fine- to medium-grained sandstones in the Nassjo For-
mation (Table 3, columns 15, 6, 7).

The grain-size distributions in a number of sandstones
were estimated in samples with clearly defined grains by
measuring the apparent long axes of a minimum of 200
grains randomly chosen on a grid. Measurements of poor-
ly defined grains were rejected, which probably introdu-
ces a bias because the contours of small grains are often
blurred. The results were converted to 1/2 Phi classes,
and distribution parameters were derived graphically
from log-probability curves (Folk 1974). The ’mean
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Fig. 60. Detritus compositions of medium- to fine-grained sandstones of the Nissjo Formation (a), the Nissjo Formation and the Forserum Forma-
tion (b), the Storekvarn Formation and the Branteberg Formation (c), and the red quartz arenites of the Marbick Formation and the older sedimen-
tary sequence as represented by conglomerate clasts (d). Q = monocrystalline and polycrystalline quartz, F = K+P = K-feldspar and plagioclase
with feldspar pseudomorphs, L = all lithic grains including cherty grains and heavy minerals. Spiked symbols denote exceptional, very fine-
grained or fine-grained samples.
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Lithic compositions

S+Ch

Mv

Fig. 61. Compositions of the lithic fractions of sandstones of the Nissjo
Formation (a), the Storekvarn and Branteberg Formations, the For-
serum Formation and the red quartz arenites (b). S+Ch = sedimentary
grains and cherty grains, Mv = metavolcanic grains, G = granitoid
grains including heavy minerals. B denotes samples from units or beds
resting on the basement. Numerals at points indicate the number of thin
sections that were averaged in the estimate. Symbols as in Fig. 60.

grain-size’’ estimated in this manner can be shown to re-
present most accurately the mean true intermediate axis of
the grains (Kellerhals et al. 1975). The estimated *’aver-
age grain-size’’, when given numerically in Table 3, is the
arithmetic mean determined on the apparent long axes of
about 100 randomly chosen grains in each thin section (cf.
Kukal 1980).

Roundness was estimated by visual comparison accord-
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ing to Powers (1953). In thin sections, this was done only
for grain sizes between 0.13 and 0.56 mm. In some cases
of well-defined grain boundaries in sandstones, the round-
ness distribution was determined from at least 200 grains
in each thin section. The results were converted to the ©
(rho) scale according to Folk (1974). Size and roundness
distributions are shown as histograms (Figs. 65, 66). The
parameters of the grain-size distributions are presented in
Table 4.

S+Ch

Lithic compositions

b

Fig. 62. Detritus compositions (a) and lithic compositions (b) of coarse
sandstones — conglomerate matrices of the Niissj and Branteberg For-
mations. Symbols as in Fig. 60.
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Fig. 63. Relative contents of quartz detritus (Q), K-feldspar (K) and pla-
gioclase with feldspar pseudomorphs (P) in medium-grained sandstones
(a), and coarse sandstones — conglomerate matrices (b) of the Almes-
akra Group. Symbols as in Fig. 60. Individual feldspar compositions of
the red arkosic sandstones are shown in Fig. 63a only for samples from
the western peripheral zone (WP in Fig. 70). For samples from zone
C and remaining parts of zone P the compositional fields are indicated.
The *’peripheral red arkosic sandstone’” composition point marked with
B at right in Fig. 63b represents a sample of very coarse sandstone —
conglomerate matrix from a bed in the Hilleved conglomerate (Figs. 4
and 70).

THE MAIN DETRITAL COMPONENTS

Monocrystalline quartz is the major component of all
sandstones except the very coarse ones. In coarse sand-
stones and the matrix of fine conglomerates, polycrystal-
line grains may exceed 50% of the quartz detritus, they
are usually below 5% in the medium-grained sandstones
(Table 3). The quartz is predominantly of the common,
plutonic’’ type (Folk 1974). Microlites, vacuoles and
bubble trains are abundant in some of the grains. Brow-

nish vein quartz comprises at most a few per cent of the
detrital quartz. Comparatively ’’clean’’ quartz is fairly
common, particularly in the red quartz arenites. Here, the
quartz grains are often well-rounded and display features
suggesting derivation from porphyry phenocrysts.

Polycrystalline quartz usually forms composite grains
made up of a few quartz crystals with widely differing
orientations and unsutured boundaries. Meta-quartzite
and ’’stretched metamorphic’’ quartz grains (Folk 1974)
are scarce except in some strata derived from metasupra-
crustal basement. There are chert grains in most of the
sandstones though few or none in the feldspathic sand-
stones of the Branteberg Formation. In the sandstones of
the Nissj0 Formation they average 20% of the lithic
debris.

In each thin section there are usually a few quartz grains
with deformation lamellae. Sometimes such grains com-
prise between 10% and 20% of the detrital quartz as in
some samples of stratified, red quartz arenite.

The feldspar is dominantly potassic and often belongs to
a patch-perthitic type. Cross-hatched or twinned micro-
cline is subordinate in most facies. Plagioclase is rare
being most frequent in the fine conglomerates and in the
red arkosic sandstone. In most sandstones, plagioclase
and feldspar pseudomorphs amount to no more than a few
per cent (Table 3). Degree and type of feldspar alteration
is variable. Fresh and altered grains coexist in a random
manner indicating that the alteration is probably not the
result of diagenetic alteration or outcrop weathering. Pla-
gioclases are generally much more altered than K-
feldspars. Sericitic alteration is by far the commonest mo-
de of alteration in all feldspars of all units. Brownish tur-
bid alteration (Folk 1974) is, however, appreciable in
feldspars of the Branteberg Formation. Estimates of detri-
tus compositions show that the ratio of K-feldspar to plagi-
oclase plus feldspar pseudomorphs is a distinguishing cha-
racteristic for the lithofacies in the Nassjo Formation (Fig.
63).

The lithic grains can be subdivided into granitoid, sedi-
mentary, metavolcanic, cherty and tectonite types (Dic-
kinson 1970). Lithic grain content provides a main com-
positional distinction between the Nissjo and Branteberg
Formations (Fig. 60). The frequency of various types of
lithic grains in the sandstones of different outcrop areas
appears to be source-controlled (cf. Fig. 61).

The granitoid grains are composed of feldspar and
quartz, sometimes with the addition of micas, chlorite and
iron oxides. In the red arkosic sandstone, they are general-
ly finer and contain more oxides than those of the other
lithofacies.

The sedimentary lithic grains are mainly fragments of
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TABLE 3. Modal compositions of sandstones of the Almesakra Group. A + sign in a column denotes a component observed, but not counted,
in one or more of the thin sections. A number in brackets indicates that the component in question was counted and averaged for this number

of thin sections.
polycrystalline quartz grains
detrital quartz

X 100

The Polycrystalline Quartz Index, PQI =

lithic grains

g e
Lisoiteme oo detrital quartz + feldspar

perthitic feldspar grains

The Perthitic Feldspar Index, PFI = X 100

detrital feldspar

volcanic quartz grains
- £ x 100

i , VQI =
The Volcanic Quartz Index, VQ Seaiik waarty

The VQI estimates the proportion of embayed or pitted quartz grains in the quartz detritus.

TABLE 3a. Average modal compositions (vol. %) of red quartz arenites of the Mar-
! back Formation and the older sedimentary cover (conglomerate clasts).

Composition | ¥ a: < 4.
Ralingen area Spexhult area Conglomerate Conglomerate
clasts clasts
n=5 n=4 n==6 n=2
Detrital, mean S.d. mean s.d. mean S.d. mean 5.d.
Quartz 63 3.7 64 5.3 57 5.6 50 7.8
K-feldspar 2. 2.8 1.5 2.9 1.5 1.6
Plagioclase
and feldspar
pseudomorphs 1.2 1.0 2.1 2.0 4.9 3. 5.9 1.5
Rock fragments 1.0 0.9 0.6 0.3 ¥.7 1.6 1.4 0.9
Muscovite + + 0.2 (1))
Biotite
Epidote
Zircon + + +
Apatite +
Matrix 6.6 1.5 13 (1)
(sericitic)
Authigenic
Quartz 27 2.3 26 1.8 24 8.3 24 2.5
K-feldspar B.6:41) 0.5 (1)
Sericite 1.7 0.9 3.7 2.6 5.441) 72 1%}
Hematite 2.9 L 12 33 2.6 3.8 1) 0.9
Opaque grains
incl. hematite
pseudomorphs 0.7 8.7 0.2 0.3 g.1:41)
Epidote
Chlorite £.3.11) 5341
Calcite 0.3 (2)
Other cements 6.1 (1)
Porosity 0.4 0.5
LI 2.5 1.8 1.4 0.5 2.8 2.5 2.0 1.4
PQI 1.6(3) 1.3
vQI 7 5 12.43) 8 1a3mn 3423
Average
grain-size fine to medium-gr.
medium-gr.
range (mm) 0.2 -10.5 0.3 ~ 0.5

hematitic or sericitic very fine-grained sandstone and
siltstone. Occasional sedimentary quartz grains with
rounded quartz overgrowths (Fig. 29) are also found.
Apatite-cemented sandstone fragments have been obser-
ved in a few samples (cf. p. 66).

There are several kinds of metavolcanic lithic grains.
These include quartz-feldspar mosaics, devitrified glass,
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micrographic and granophyric intergrowths, as well as
other fragments of volcanic rocks such as microquartz
with oxides and small micas. Felty-textured, mafic grains
probably derived from dolerites are uncommon.

It is difficult to distinguish between chert grains of me-
tavolcanic origin and sedimentary chert (cf. Wolf 1970,
Potter 1978). Most of the cherty grains, in particular those
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TABLE 3b. Average modal compositions (vo. %) of feldspathic sandstones of the Nissjo Formation. Columns, 5, 6, 8, 9 represent samples from

medium-grained sandstones.

Composition 5. 6.
Spexhult area  N&ssjo subarea Nassjo subarea
basal beds
n=4¢ n=6 n=5
Detrital mean $.4. mean s.d. mean g4
Quartz 50 4.7 56 5.0 &7 7.4
K-feldspar el 4.1 5.9 6.3 53 % 8
Plagioclase
and feldspar
pseudomorphs .9 3.7 7.2 2.4 3.3 2.8
Rock fragments 4.4 2.9 3.6 1.9 2.2 1.4
. Muscovite + 0.2 (1) 0.3 (3) 0.2
Biotite + +
Epidote 0.9 (1)
Zircon + + +
Apatite + +
Titanite +
Matrix
(sericitic
chloritic
hematitic) 1243)- 2.6 n 6.0 1. 1.3
Authigenic
Quartz 15 6.4 n 4.8 21 9.8
K-feldspar 0.3 (1) 0.6 (1) 1.1 :12) 0.}
Sericite 3.5 2.8
Hematite 0.2 0.3 1.2 1.3 14 0.7
Opaque grains
incl. hematite
pseudomorphs 1.4 12 0.6 (2)
Epidote 1.0 (1) 5311
Chlorite 0.8 1.0 2.2 52
Calcite
Titanite 0.1 (1)
LI 1.2 4.8 5.1 2.6 3. 1.9
PQI 1.244) 1.2
PFI 0.4 (4) 0.7
VQI
Average
grain-size fine-gr. medium-gr.
range (mm) 0.1 - 0.3

containing micas and hematite dust, are probably derived
from porphyries. The presence of large chert clasts in the
quartzite-dominated conglomerates of the western Spex-
hult area would appear to indicate the occurrence of chert
beds in the sedimentary source rocks of the Almesakra
Group. There is, however, no correlation between the
occurrence of cherty lithic grains and sedimentary rock
fragments.

Tectonite fragments, mostly cataclastic quartz grains,
occur rarely. Lithic grains of uncertain derivation make
up less than 10% of the total lithic fraction.

The lithic grain content is related to grain size (cf. Blatt
et al. 1980), as seen in the sandstones of the Branteberg
and Storekvarn Formations which have a low content of

8. 9. 10. .
Ndssjo subarea Vikskvarn sub- Vikskvarn sub- Branteberg
upper beds area area upper- subarea sub-
most beds unconformity
sandstone
a7 n=4 n=3 n=4
mean s.d. mean s.d. mean 5.4 mean s.d.
61 6.4 44 1.2 57 6.1 62 6.8
6.1 1.0 9.9 6.8 12 2.3 3.1 V.l
3.0 1.0 n 6.8 7.6 6.0 3.3 1.5
1.6 1= 2.0 1.8 2.7 B} 1.4 1.2
+ 0.6 (2) +
+ +
+ + - *
+
| 1.4 8.9 4.1 n 3.9
21 (5% 17 8.2 9.3 5.0 21
0.2 (1) 6.3 (1) e
4.9 2.3 5.9 2.6
0.2 0.4 0.5 11 0.9 1.2 1.2 21
0.2 0.2 0.8 1. 0.9 1.1
0.8 (1)
0.4 (1) 0.5 (1)
B.9 (1)
2.4 1.8 3.4 3.3 3.6 0.6 2 2.1
1.8 13) 2.0
0.3 0.6
medium-gr.
0.2 - 0.3 0:1 ~ 0.2 0.30 - 0.45

lithic grains (Fig. 64). This is less obvious in the Nissj6
Formation where the average lithic grain content is about
four times greater and the range in grain size is more re-
stricted. In the Nissjo and Branteberg Formations, grani-
toid fragments always dominate in the coarse to granular
sandstones. They are subordinate in the medium-grained
sandstones (Table 3). A paucity of granitoid lithic grains
is conspicuous in some basal units of the Nissjo Forma-
tion and also in the sandstone/coarse conglomerate as-
sociation of the Kansjo sequence. In most of the red
arkosic sandstones of the central Spexhult area, chert or
metavolcanic fragments or both dominate over sedimenta-
ry fragments (Fig. 61).

The commonest detrital accessory minerals are micas,
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TABLE 3c. Average modal compositions (vol. %) of red arkosic sandstones of the Néssjo Formation. Columns 17, 18 represents samples from
beds of the proximal red arkosic sandstone lithofacies overlying the Hilleved conglomerate.

Composition 12. 13. 14.
Spexhult area Spexhult area Total of columns
zone C zone P 12 and 13
nox)2 n=14 n =26
Detrital mean S.d. mean s.d. mean s.d.
Quartz 39 1.5 50 gy 45 9.4
K - feldspar 9.0 3.9 6.8 3.7 7-8 3.9
Plagioclase
and feldspar
pseudomorphs 13 3.4 8.7 2.8 10 3.6
Rock fragments 13 3.9 5.8 2.0 9.0 4.6
Muscovite 1.2(4) 1.}
Biotite +
Epidote 42 -0 +
Zircon + +
Apatite + +
Titanite + +
Chlorite
Matrix 2.4 2.4 3.7 2.8 3.1 2.7
Authigenic
Quartz 9.5 4.3 14 35 12 4.4
K-feldspar L2 1at2) 1(4) 0
Sericite 6.7 33 6.0 2.6 6.3 2.8
Hematite 15 i 7 1.3 1.5 1.4 1.6
Opaque grains
incl. hematite
pseudomorphs 4.4 1.9 2.8 1.0 3.5 V.7
Epidote 1-718) 1.2 1.0(2) © 1.5(300 1.
Chlorite 1 (4) 1.2(2) 0.4
Calcite
Titanite + - +
LI 21 ¥ 9 3 15 8
PQ1L Z 190 ) (8) )
PFI 15 (11) 10 15 (9) 18 15 (20)14
Average
grain-size
range (mm) 0.2 - 0.4 0.2 =04 0.2 - 0.4

s : Lithofacies
Lithic Index = percent lithic grains X 100

percent quartz&feldspar a zone P
RFSS Nissjd fm
a zone C
© mFSS/ICGL
Branteberg fm
* Qass
o
LOF
Regression line
| % Y=8.4X - 1.0
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A A k=0.8
20+ a i
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Fig. 64. The proportion of lithic grains in the detritus of fine- to coarse-
grained sandstones plotted against average grain size. Lithofacies abbre-
viations as in Table 1.

58

15. 16. 12. 18.
Spexhult area W Spexhult area Spexhult area  Spexhult
zone ( zone WP zone H zone H
n=1 n=7 n=1 n=1
mean s.d.
17 49 3.9 15 15
13 15 4.4 2.4 1.0
13 1.8 0.8 20 30
9.0 3.7 2.7 36 20
3.5 + 0.3 3.3
4.7 + 0.8 0.6
+ 0.6 .5
+ + C
- +
3 -
2 3.0 {3) 2.6 15 20
8.1 23 9.9 + +
0.9 0.8
10 3.8 3.9
14 1.0 1.2 4 0.8
3.7 5.8 8.1
1.4 0.3
21 6 ) 97 43
a5 65 65
51615
fine to very
medium-gr. coarse
0.17 0.4

opaques, epidote, zircon and apatite. Tourmaline has been
observed in a few samples as small, green rounded grains
up to 0.2 mm across and strongly pleochroic. Biotite
mostly occurs in fine-grained sandstones where often con-
centrated in micaceous laminae. It is commonly altered to
hematite. Muscovite is found as scattered grains. Like
biotite, apatite and opaques, muscovite is commonest in
the red arkosic sandstone of the Néssjo Formation; it is
uncommon or lacking in the medium-grained sandstones
of the Branteberg and Storekvarn Formations. Apatite oc-
curs as rounded, slightly elongated grains up to 0.1 mm
across.

Most of the opaque oxide grains are hematite, occurring
singly or as heavy-mineral laminae; they may amount to
several per cent of the total rock in the red arkosic sand-
stones (cf. p. 40). The specularite amounts at most to 1—2
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TABLE 3d. Average modal compositions (vol. %) of sandstones of the
Forserum Formation.

Composition 19. 20. 21.
W Forserum E Forserum E Forserum
subarea subarea subarea
n=6 n=] n=1

Detrital mean $.d.

Quartz 49 8.1 50 75

K-feldspar 7.4 6.0 13 Vot

Plagioclase

and feldspar

pseudomorphs 2.3 2.6 0.6 33

Rock fragments 1.0 0.8 0.5 2.6

Muscovite + +

Biotite

Epidote

Zircon + .

Apatite

Titanite

Matrix

Authigenic

Quartz 34 5.9 31 14

K-feldspar 1.9 3.0 1S 0.3

Sericite 1.8 Z. 0.3

Hematite 1.0 0.8 3.5 4.6

Opaque grains
inc). hematite
pseudomorphs 0.3 0.1

Epidote
Chlorite
Calcite
Titanite
Other cements

LI 2 1 1 3
PQI
PF1

Average
grain-size

fine-gr.
range (mm)

0.3~ 0.4 0.43

per cent in other sandstones of the Nissjo Formation; it is
very rare in the Branteberg and Forserum Formations
(Table 3). The opaques seem to have been derived largely
from oxide pseudomorphs after other minerals and from
lithic grains. Epidote occurs as rounded, single or compo-
site grains often together with opaque grains. Authigenic
epidote is associated with detrital epidote.

In the sandstones and siltstones of the Nassjo Forma-
tion, zircons are usually metamict, equant and rounded.
Hematitic alteration is common in red beds. In the feld-
spathic sandstones of the Branteberg Formation, the zir-
cons tend to be elongated and fresh, and are sometimes
subhedral and zoned. Grain size ranges up to c. 300 um,
c. 100 um being the commonest size. Overgrowths occur

TABLE 3e. Average modal compositions (vol. %) of sandstones of the
Branteberg Formation. Columns 24, 25, 26 represent individual sand-
stones of varying grain size and cementing properties. Column 31 re-
presents red arkosic sandstones in the upper part of the Branteberg For-
mation.

Composition 22, £3; 24.
Central Central Central
Forserum Forserum Forserum
subarea subarea subarea
n=2 o2 n=1

Detrital mean S.d. mean sl

N O (R

Quartz 45 4 28 9 38

K-feldspar 8 2 13 4 5

Plagioclase

and feldspar

pseudomorphs 7 2 18 2 24

Rock fragments 1 0 26 14 2

Muscovite +

Biotite +

Epidote

Zircon *

Apatite +

Titanite *

Tourmaline +

Matrix 16 1 21

Authigenic

Quartz 3
K-feldspar
Sericite

Hematite

_N_d
—00 ~

Opaque grains
incl. hematite
pseudomorphs

Epidote
Chlorite
Calcite
Titanite
Other cements

~n N — O

LI 2 0 49 35
PQl 18 17
PFI 26 25

Average
grain-size

v. fine-gr.
range (mm)

0.2 +~ 0.8 1.0 -1.3

rarely, sometimes being of euhedral shape, occasionally,
however, being patchy or abraded suggesting a multicyc-
lic history.

Small amounts of titanite occur widely in the Nassjo
Formation. Most grains are 20 to 50 um across, rounded
and pale brownish in colour. However, in samples from
the lowermost units, a few rounded titanite grains have
diameters up to 200 um.

THE CONGLOMERATE PARTICLES

In roughly 70% of all sampled beds of coarse conglomer-
ate, the particles are predominantly *’quartzite’’ (cf. Fig.
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TABLE 3e, cont.

Composition 255 26. 27
Central Central Branteberg
Forserum Forserum subarea
subarea subarea and N Spexhult
area
n=1 n =1 n=6
Detrital mean s.d
Quartz 38 73
K-feldspar 9 8 gg g
Plagioclase
and feldspar
pseudomorphs 22 1 n 5.6
Rock fragments 3 5 15 10
Muscovite 1 + +
Biotite
Epidote “
Zircon +
Apatite 1 +
Titanite
Tourmaline
Matrix - 12 7
Authigenic
Quartz 7 1
K-feldspar ? " "
Sericite 6
Hematite 8
Opaque grains
incl. hematite
pseudomorphs 2 0.3 0.2
Epidote
Chlorite o g
Calcite
Titanite
Other cements 2
LI 4.5 7 26 20
PQI 4 35 29
PF1 4 s1 32 (5)
Average
grain-size . fine-gr,
range (mm) ik phoc ana 1.0 - 1.6~

28). A clastic texture can easily be recognized in most of
these. A small proportion of the quartzitic clasts are
very fine-grained and appear to consist of recrystallized
sedimentary quartzite, some of them showing a slightly
micaceous, foliated, completely recrystallized texture in
thin sections. Other sedimentary particles studied in thin
sections include fine- to medium-grained feldspathic
sandstones (’’sandstone’’ in Fig. 28). Many of these par-
ticles belong to conglomerates of the Nissjo and Brante-
berg Formations along the eastern boundary of the Almes-
akra Group. The particles consist of arenites low in feld-
spar and are mostly red-coloured, cemented by hematite
and quartz. The colouring is caused mainly by pigmentary
hematite coating the quartz grains. This is a mode of he-
matite occurrence characteristic of the red quartz arenite
lithofacies recognized in the Marbéck Formation.
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28. 29. 30. 3.
Branteterg N Raléangen N Ralangen Raldngen
subarea and area area fine area
N Spexhult beds
area
n=7 n=95 n=2 n=3
mean s.d. mean s.d. mean sd. mean &
54 7 59 4 48 2 35
6.4 3a.s 4.5 2.5 8.4 3.7 16 g
2.3 12 3.8 1.4 4.3 2.3 4 3
1.3 0.8 1.9 1.4 2.1 0.7 3.6 3.5
s + +
+ + + +
+ +
32 7 27 5
- -1 32 12 22 2
1.6 1.6 3.5 1.8 5.7 4.7
. . . . 8. §
0.8 0.4 0.9 1.4 0.7 0.4 J.g ?.g
0.2 0.2 1.6 1.9
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Most feldspars are converted to sericite. In composition
(Fig. 60d, Table 3a) and texture (Figs. 65, 66) as well as
in diagenetic characters, these particles thus closely re-
semble the red quartz arenite facies (cf. p. 21). More de-
tailed study of the clasts shows that the early-diagenetic
hematite pigment is overgrown by authigenic quartz (Fig.
52). Because both the colouring by hematite and the quartz
cementation reflect diagenesis in the source rocks, at least
some millions of years must have elapsed between the for-
mation of these rocks and the deposition of the red clasts
in the Almesdkra sequences (cf. Turner 1980). Both
single-grain strain and aggregate strain (seen from defor-
mation lamellae and undulatory extinction of the quartz)
are less common in these clasts than in the red quartz are-
nites of the Marbiack Formation. This suggests, that the
older sedimentary sequence from which the clasts were
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TABLE 3f. Average modal compositions of grey quartzitic sandstones of the Store-

kvarn Formation.

Composition 3z 33. 34. 35
N Spexhult North-central SW Spexhult Forserum
area Spexhult area area subarea
n==6 n==6 n=25 n==6
Detrital mean s.d. mean S.d. mean $.d. mean 5.4,
Quartz 64 25 61 3 60 2 56 i
K-feldspar 2.3 i3 2551 13 2.3 440 0.5 1.4 15
Plagioclase
and feldspar
pseudomorphs 1.9 0.7 0.6 0.4 }.2 1.0 125 0.8

Rock fragments 0.8 0.8 0.2

Zircon + +
Muscovite

Biotite

Epidote not

Apatite identi-

Titanite fied

Chlorite

0.2 0.5 0.5 0.2 0.2

Matrix 0.2 {1)

Authigenic

Quartz 28
K-feldspar
Sericite
Hematite
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L=}
w
coo s
HO S
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Opaque grains
incl. hematite
pseudomorphs

Epidote
LI 1.3

PQI
PF1

coo
o w

Average
grain-size

range (mm) 6.3-0.5

derived had source rocks, that had suffered little tectonic
or overburden stress. The stress affecting the red sand-
stone of the Marbiack Formation probably occurred later
than the erosion of the older sedimentary sequence of
which this formation is supposed to be a remnant (cf. p.
10).

The porphyry particles are predominantly microcrystal-
line and carry small quartz and feldspar phenocrysts.
Some porphyries are coarse-grained and granophyric. A
few are eutaxitic suggesting derivation from ignimbritic
lavas (Hjelmqvist 1955). The quartz phenocrysts often
have a modified bipyramidal habit sometimes with corro-
sion embayments. The porphyry matrix is dominated by
microcrystalline quartz and small feldspars, with varying
amounts of mica and oxides. Local bands and schlieren of
clear macroquartz are common. The occasional spotted
appearance of the matrix suggests devitrification. Lithic
grains displaying this texture occur in many of the sand-
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stones of the Nissjo Formation. The various metavolcanic
lithic grains were probably derived from different kinds of
Smaland porphyries, that are now exposed in the sur-
rounding basement (Persson 1973, Hjelmqvist 1982).
Granitoid particles are notably lacking in most of the
coarse conglomerates of the Almesakra Group (cf. Fig.
28). They occur, however, in some conglomerate beds of
the Forserum Formation and also in the Hélleved conglo-
merate inferred to be basal in the Nissjo Formation (cf.
p- 70 and Fig. 4). In this conglomerate most particles con-
sist of mafic and other metavolcanic and metasedimentary
rocks, and were probably derived mainly from a belt of
Early Proterozoic meta-supracrustals in the basement ex-
tending from east to west of the Almesékra Group (cf.
Roshoff 1975). In the granitoid particles, the feldspars are
strongly sericitized while the mafic minerals are convert-
ed to hematite (Table 5). Some of the metavolcanic clasts
are fine-grained and rich in fresh K-feldspar grains of a

61




as histograms in Fig, 49.
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TABLE 4a. Parameters of the particle size distributions shown
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TABLE 4b. (A—D). Parameters of the grain-size distributions shown as histograms in Fig. 65.
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very finely structured perthitic variety, a type that is fairly
common also in parts of the red arkosic sandstone of the
Spexhult area (cf. p. 40).

The granitoid particles in the Forserum conglomerates
appear to have lost most of their plagioclase and ferromag-
nesian minerals by weathering. They differ from possible
source rocks in the basement to the east of the Almesakra
Group (cf. Palaeocurrents) in their high content of twinn-
ed microcline (Table 5).

Chert clasts are observed only in conglomerates of the
Vikskvarn-Storekvarn subarea and locally in those of the
Forserum Formation and are generally pebble-sized but
range up to boulder size. In the Forserum Formation,
chert pebbles are common in some beds and appear to be
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derived from silicified mudstone. They are light yello-
wish-grey and not translucent. The microcrystalline
quartz texture is poorly defined and crystal size varies be-
tween 5 and 30 um. Numerous sand-sized aggregates of
opaque matter, small areas of sericitic alteration (feldspar
*’ghosts’’) and aggregate polarization in the chert suggest
an origin of the chert by replacement. In the Vikskvarn-
Storekvarn subarea, chert particles are brownish, slightly
translucent and consist of chalcedony breccia. Many of
the fragments comprise well-developed spherulites set in
a matrix of microcrystalline quartz. This chert is very
pure and the chalcedony is of the common, optically
length-fast variety.
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Fig. 65. Grain-size distributions of sandstones. Nissjo and Forserum Formations (A), red quartz arenite of Marbiick Formation and conglomerate
clasts (B), Branteberg Formation (C) and Storekvarn Formation (D). The roundness distributions of several of these samples are shown with

numbers in Fig. 66.
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Fig. 66. Distribution of grain roundness in sandstone samples with
well-defined grain outlines. Nassjo formation (A), red quartz arenite
(B), Branteberg Formation (C), Storekvarn Formation (D). The sample
numbers are the same as in Fig. 65.

AUTHIGENIC MINERALS

The major authigenic components of the sandstones of the
Almesékra Group are quartz, hematite and clay minerals.
Calcite, K-feldspar, epidote and chlorite are relatively
minor cements but may be abundant locally. Titanite and
zircon occur subordinately. Authigenic apatite is found in
a few outcrops.

Prehnite has been observed close to a dolerite contact in
one calcite-cemented sandstone bed of the Forserum For-
mation. Other contact-metamorphic features include
slight recrystallization of the feldspars and quartz and
abundant formation of authigenic chlorite, epidote and
titanite. There are also instances of hybridization and
mobilization of the intruded sandstones.

Quartz cement. — The content of authigenic quartz in the
medium-grained, subarkosic and quartzitic sandstones

(mostly Storekvarn and Branteberg Formations) ranges up
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to 44% of the total rock and averages more than 30%
(Table 3). There is virtually no uncemented pore space
and no clear evidence of more than one stage of cementa-
tion. The other cements make up on average less than 5%.
The contacts between adjacent overgrowths are generally
simple or slightly crenulated. They may be straight (cf.
Fig. 54) and exhibit a triple point.

Curves showing porosity reduction with depth for
quartz sandstones of comparable grain size and purity in-
dicate that the quartzitic Almesakra sandstones cannot
have been buried at a depth of more than 1000 m before
cementation stopped compaction (Fiichtbauer and Miiller
1977). For most of the grey quartzitic sandstones of the
Storekvarn Formation with an apparent pre-cement poro-
sity of more than 35 %, cementation must have been com-
pleted under less than 500 m of overburden.

Some of the authigenic quartz in these quartzitic sand-
stones was probably derived from pressure solution. In se-
veral samples, there are thin horizons with sutured grain-
to-grain contacts. They often exhibit thin sericitic seams.
However, most of the authigenic quartz was presumably
derived from the transformation of clay minerals and de-
composing feldspars in underlying argillitic units of the
Nissjo Formation. Signs of early-diagenetic upward wa-
ter expulsion are very common in beds of this association
(cf. p. 35f). The smallest amounts of quartz cement in the
quartzitic sandstones of the Storekvarn Formation occur
in the sandstones close to the northern erosional boundary
of the Spexhult area having no subjacent argillitic beds
(Table 3f, cf. Fig. 1).

In the less sorted feldspathic and hematitic sandstones
with a sericitic matrix (mostly Néssjo Formation), quartz
cement is less predominant, but usually forms more than
50% of the total cement. In the red arkosic sandstones,
authigenic quartz occurs in several ways and belongs to
different generations. It may be difficult to distinguish
from quartz detritus or quartz replacements. Some early
precipitation of quartz cement can be seen as euhedral
quartz overgrowths. However, most of the authigenic
quartz is relatively late and occurs as localized, anhedral
outgrowths on detrital grains having discontinuous coat-
ings of other cements (cf. Heald and Larese 1974). Quartz
can also be seen to replace feldspar, growing inwards
from the grain boundaries and gradually transforming the
feldspar into a granular mass of small, anhedral quartz
grains. A relict feldspar habit with twinning can occasio-
nally be seen in the replacing quartz (cf. Wallace 1976).

Authigenic hematite. — Early-diagenetic hematite pig-
ment coats the detrital grains in most samples of the red
quartz arenite. Grains with hematite-pigmented rims oc-
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TABLE 5. Modal analyses (vol. %) of some granitoid rocks from the basement area surrounding the Almes-

akra deposits.

Analysis 1 2 3 4 5 6 7 8 9 10
Quartz 33 a0 o5 248 977 99 7Dt ap
K-feldspar unspecified 10
K-feldspar perthitic 44 33 21 15 5 9.5 9.3 1% 3.4
K-feldspar microcline 2.3 5.3 1028 30
Plagioclase 21 22 46 44 60 55 53 37 1 50
Biotite/Chlorite 2.2 531 1 S -ty an 1" B%
Muscovite 1.8 0.9
Epidote e s . a3 1.6 0.9 0.7 : 0.3 0.2
Titanite 0.2 + 0.8 1.8 0.2 ¥

Opaque 0.8 2.3 0.2 4.3 0.6 0.9 1.2 2.4 -] 14
Apatite + + * + D.e 0.2 # * +
Zircon + + + + + +

Fluorite 0.6

Calcite 0.6

X) includes somechert (1 %) and poikilitic quartz in K-feldspar (2 %).

XX) includes muscovite and epidote.

1 = red medium-gr. granite, quarry 4 km N of Ndssjo, 2 = red fine-gr. granite,
outcrop 1 km E of the Branteberg subarea, 3 = greyish red fine-gr. granite, outcrop

0.1 km S of the Branteberg sutarea, 4 = grey fine-gr. granitoid, railway cutting 1.8
km E of L. Sjunnaryd, 5 = grey fine-gr. granitoid, railway cutting 3.6 km E of L.
Sjunnaryd, 6 = grey fine-gr. granitoid, outcrop 1 km NE of L. Hamnaryd, 7 = greyish
fine-gr. granite, from thrust along L. Hamnaryd, 8 = reddish medium-gr. granite,
outcrop 4.4 km NNE of Forserum, 9 = grey granite clast (350 points counted),
conglomerate in the Forserum sandstone 2.7 km N of L. Storsjon in the Forserum
subarea,10 = greyish granitoid clast, the Halleved conglomerate.

cur sparsely in sandstones of the Nissjo and Branteberg
Formations and rarely in the quartzitic sandstones of the
Storekvarn Formation. The hematite pigment of such
grains is sometimes overgrown by later quartz cement
which has been rounded indicating derivation from older
sandstones (Fig. 29).

Diagenetic hematite lining pores or coating grains in the
form of black rims of hematitic matter is seen locally in
the sandstone of the two red lithofacies and in some sand-
stones of the argillite/fine-grained sandstone association.
In these cases, a later introduction of hematite or some
precursor iron compound is inferred from the localized
mode of occurrence. This type of authigenic hematite,
which is often concentrated in laminae, is absent at most
grain-to-grain contacts (cf. discussion in Glennie er al.
1978).

In the red arkosic sandstones most of the hematite
appears to be late-diagenetic. The variable degree of

hematite replacement in various incipient pseudomorphs
suggests, however, some pre-depositional oxidization
(Turner 1974). In many samples of this lithofacies, a
iate-diagenetic transfer of iron is indicated by the dissolu-
tion of part of the hematitized biotites. Such grains are
surrounded by a more or less tightly fitting reddish-brown
halo (Fig. 67). Similar haloes have been described by
Walker (1967) and Turner (1980) who believe that they
were caused by oxygenated pore waters leaching iron out
of the biotite lattice (cf. discussion in Turner 1980, Wal-
ker et al. 1978). This phenomenon has previously not
been described from Precambrian red beds. Another
example of diagenetic reddening is the occurrence of
small, roughly circular areas up to a few millimetres
across, which are predominantly cemented by hematite.
Hematitic aggregates occur centrally in some of these
domains, suggesting the former presence of siderite ce-
ment (cf. Pettijohn 1975).
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Fig. 67. Partly leached hematitized biotite grain with black iron-rich
halo in red arkosic sandstone of the Nassjo Formation. Plain light.
Sample from the top of outcrop No. 5 in the Nissjo subarea, Fig. 5.

Authigenic clay minerals. — Authigenic clay minerals
coating detrital grains in tangential array are best deve-
loped in the feldspathic sandstones of the Néssjo Forma-
tion, particularly in the red arkosic sandstones. In samples
from tectonically undisturbed sections, such rims are typi-
cally 5 to 10 um thick and light greenish to colourless.
Maximum interference colour is yellowish (c. 0.01).
They are probably made up of illite (cf. Wilson et al.
1977). The coatings on each grain are usually disconti-
nuous and equally well developed on grains of different
minerals (cf. Fig. 45). Clay minerals coating detrital
grains in this manner are probably early-diagenetic
(Fiichtbauer and Miiller 1977).

In the quartzitic sandstones of the Storekvarn Formation
and generally in the subarkosic sandstones, clay mineral
coatings occur only locally. The rims are usually disconti-
nuous and thin (cf. Fig. 54). In the red quartz arenite, au-
thigenic clay minerals are mostly found in the matrix.
They appear to be mainly sericite, occasionally occurring
in laminae alternating with laminae of hematite-cemented
sandstone. Pore-filling sericite ’’matrix’’ is common in
the feldspathic sandstones of the argillite/fine-grained
sandstone association; a derivation from feldspar pseudo-
morphs is often suggested by remnant cleavage or small
remains of unaltered grains.

Authigenic K-feldspar. — K-feldspar usually forms less
than 3% of the total cement + matrix, but locally ranges
up to 15% (Table 3). It occurs typically as thin over-
growths on detrital K-feldspars, usually in medium-
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grained, quartz-cemented sandstones. It is poorly deve-
loped or absent in fine-grained sandstones containing
much sericite. The best-developed overgrowths exhibit
perfect rhombohedral sections (Fig. 68). More often, the
overgrowths are incomplete and show ’’hack-saw’’
projections with preferential growth in some directions.
Grain enlargement by authigenic growth ranges up to
50%.

The detrital cores consist of microcline, perthitic K-
feldspar and occasionally plagioclase. The feldspar over-
growths may or may not be optically continuous with the
core. Twinning is occasionally seen to extend into the
overgrowths. These are generally similar in colour to the
core. Clear, unstained cement on turbid cores is exceptio-
nal, whereas very turbid cement is often seen coating feld-
spars particularly in the Branteberg sandstones. Such K-
feldspar cement has been interpreted as signifying early-
diagenetic authigenic K-feldspar which has incorporated
traces of primary matrix (Carozzi 1960). In the quartzitic
sandstones of the Storekvarn Formation and in several
medium-grained subarkosic sandstones of the Nissjoé For-
mation, the precipitation of K-feldspar and quartz cements
appears to have been more or less contemporaneous.

Authigenic growth of K-feldspar is regarded as a feature
of shallow-burial diagenesis in sandstones (Blatt er al.
1980) and has been reported from many areas and epochs
ranging down to the late Precambrian. In some Paleozoic
formations of North America, K-feldspar cement may
form up to 40 % of the total rock; its abundance is suggest-
ed to be the result of uncommon availability of detrital
feldspar on the continental shelf and in possible tephra
layers (Buyce and Friedmann 1975). In the Jotnian (Prote-
rozoic) sandstones of Sweden, authigenic K-feldspar oc-

"

Fig. 68. Rounded detrital K-feldspar grain (grey) with authigenic K-
feldspar (black). Note rhombohedral shape of the latter. Crossed nicols.
Fine-grained feldspathic sandstone of the Nissjo Formation in the
Vikskvarn-Storekvarn subarea, Fig. 8.
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curs to about the same extent as in the Almesakra sand-
stones (Gorbatschev and Kint 1961, Gorbatschev 1967).

Fiichtbauer (1974) found that K-feldspar is the first ce-
ment in feldspathic fluviatile deposits. He demonstrated
the influence of the depositional environment on the types
and order of formation of the different cements. Walker
et al. (1978) showed that the formation of authigenic K-
feldspar in first-cycle desert alluvium was preceded by in-
trastratal dissolution of unstable minerals.

The small amounts of authigenic K-feldspar present in
the Almesakra sandstones were precipitated from alkaline
pore solutions sufficiently high in potassium (cf. Walker
1976). The relatively abundant K-feldspar cement in some
subarkosic sandstones has probably derived its prominent
constituents from underlying arkosic or argillitic beds rich
in unstable detritus. One of these sandstone beds contain-
ing much authigenic K-feldspar is found directly over-
lying a thick sequence of the argillite/fine-grained sand-
stone association; another overlies a siltstone and mud-
stone bed in the Forserum Formation.

Calcite cement. — Microcrystalline sparry calcite occurs
as a discontinuous cement in some silty fine-grained
sandstones of the Nassjo Formation. It is commonest in
the lowermost deposits at the eastern and southern boun-
daries with the basement. Calcite cement is also promi-
nent in fragments of medium-grained sandstone derived
from wells drilled at Bodafors. In the argillite/fine conglo-
merate association of the Forserum subarea, coarse sparry
calcite cement is prominent in a few strongly jointed beds;
in one small outcrop, calcite forms up to one third of the
rock. In some associated fine-grained sericitic sandstones,
calcite cement may locally exceed the amount of quartz
cement (Table 3). The calcite commonly replaces detrital
feldspar grains, sometimes also quartz cement, and it is
thus relatively late.

Outside the Forserum subarea, calcite occurs as a major
cement only in the calcareous argillite at Hamnaryd (Fig.
1) where it forms sub-parallel undulating laminae, 1 to 15
mm thick, separated by laminae of red, hematitic, clayey
siltstone or silty, sericitic feldspathic sandstone (Fig. 69).
This calcite is a medium- to coarse-grained, anhedral
spar, mostly seen as somewhat elongated grains (Folk
1974). Predominantly bedding-parallel twinning obscures
the grain boundaries. In most of the thick, calcite-
cemented laminae, floating grains of corroded quartz oc-
cur scattered or in groups; occasionally, there are also
quartz grains rimmed by hematite, and small opaque
grains. A few feldspar grains have been recognized
among these *’ghosts’’ by remnant cleavage. In the silty
sericitic sandstone, the clay mineral coatings seem to have

Fig. 69. Polished hand specimen showing calcite (white or light grey)
replacing fine-grained sandstone laminated with argillite (dark grey).
Note laminae with nodular calcite and the enterolithic habit of the calci-
te. Limestone quarry in the Nissjo Formation ¢. 200 m E of L. Hamna-
ryd, Fig. 1. Photo by S. Stridsberg.

protected the feldspars from being replaced by calcite.
Much of the authigenic calcite thus appears to have form-
ed by replacing framework grains which were unstable
relative to the carbonate.

Carbonate cementation involving volume expansion
and rearrangement of the sandstone framework is a com-
mon diagenetic process and is not easily placed in time.
It is often associated with replacement of detrital silicate
minerals, mainly quartz and feldspar but not of muscovite.
An advanced degree of replacement indicates a slow pro-
cess involving precipitation from dilute solutions allowing
time for the dissolution of pre-existing phases (Dapples
1971).

In some parts of the calcareous argillite there is less evi-
dence of replacement, and microspar dominates. Locally,
well-defined calcite laminae exhibit a nodular or entero-
lithic habit suggesting that the calcite has replaced nodular
anhydrite (Fig. 69). No signs of gypsum or anhydrite
crystal shapes or moulds can, however, be seen in the
strained calcite fabric.
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Initial cementation by calcite may have been aided lo-
cally by the activity of blue-green algae. This might well
have occurred in Proterozoic deposits of the Almesdkra
type. Precambrian stromatolites have been described from
alluvial fan and inferred lacustrine environments which
included algal-mat deposits, for instance coating boulders
in abandoned channels of an inferred braided river plain
(Elmore 1983).

Authigenic epidote and chlorite minerals. — Authigenic
epidote minerals apparently replacing plagioclase occur
locally in the sandstones and may be appreciable in the
matrix of some conglomerates of the Branteberg Forma-
tion. Epidote minerals are common in the basal laminated
sandstones of the Nissj6 Formation and generally in the
argillite/fine-grained sandstone association where they
are locally abundant and may colour whole beds green.
Epidote mainly occurs as a pore-filling cement in quartz-
rich laminae. In places euhedral epidote replaces authige-
nic calcite. Epidote-cemented sandy laminae often alter-
nate with less permeable hematitic or chloritic-sericitic
muddy laminae. In some cases, the dolerite intrusions ap-
pear to have played a part. Higher temperatures may have
promoted a reaction between calcite cement and hematite
to produce epidote, which may explain its abundance in
the dolerite-intruded parts of the Néassjo Formation.

Chlorite mineral cements are usually negligible in the
medium-grained sandstones of the Almesdkra Group
(Table 3), but in the fine-grained sandstones of the argilli-
tic association, pale green, slightly pleochroic chlorite is
relatively common. It often replaces feldspar grains and
can also be seen as small spherulitic flakes in the pore
space, probably formed from interstitial clay grade mate-
rials. Rarely, chlorite occurs as chloritized biotite grains.
In laminae which are slightly coarser than average, authi-
genic chlorite, like epidote, may locally be prominent. In
these cases, as with the chlorite cement occurring in some
beds of fine gravelstone, the chlorite may average 1 or 2
per cent of the total rock, ranging up to several per cent
(cf. Table 3). Chlorite is believed to form at relatively
high diagenetic temperatures in sediments when sufficient
iron is available (Fiichtbauer and Miiller 1977).

The preferential development of authigenic chlorite in
the Almesédkra fine-grained sandstones, as compared to
the medium-grained ones, probably reflects both a diffe-
rence in depositional facies and the local influence from
the dolerites which have often been intruded into argillitic
beds. The growth of authigenic chlorite in sandy laminae
could be an indication of iron-rich solutions having had
access, thus suggesting incomplete cementation of the
sandstone. In clearly contact-metamorphosed Almesakra
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sandstones, chlorite is abundant, coarse-grained and of a
deep green colour.

Authigenic apatite. — Authigenic apatite occurs as a pore-
filling cement together with hematite in a few sandstone
beds in the sandstone/coarse conglomerate association of
the lower part of the Nassjo Formation. By their dark red
colour and corroded surface, the apatite-cemented parts of
the rock, at most a few metres across in outcrop, contrast
strongly with the surrounding pale red, quartz-cemented
sandstone which weathers smoothly. The apatite cementa-
tion cuts across bedding; it also occurs locally in small
pockets in otherwise quartz-cemented sandstone. Frag-
ments of apatite-cemented sandstone are found in some
Nissjo and Branteberg sandstones. This indicates that
apatite cementation may have been common in the Mar-
back Formation or the older sedimentary sequence.

The apatite forms a crypto- to micro-crystalline cement.
It is stained to varying degrees by hematite and fills the
pore space completely. In large pores, hexagonal stubby
prismatic crystals, up to 100 um long, and with very low-
order interference colours, make up a random meshwork
generally enclosing hematite or hematitic clay minerals.
The apatite appears to be late-diagenetic. It replaces
quartz, and most of the quartz grains are slightly corrod-
ed. The detritus composition of the sandstone cemented
by apatite is virtually identical with that of the sandstone
cemented by quartz.

The identification of the pore-filling mineral as apatite
has been confirmed by X-ray diffraction. The apatite is
probably a variety of fluor-apatite. The separation of the
(004) and (410) peaks in the diffractogram (cf. Gulbrand-
sen 1970) indicates that little carbonate is present in the
apatite.

Phosphate cements, mainly comprising varieties of
carbonate-apatite, are common in phosphoritic marine
sandstones that are rich in organic matter (Notholt 1980).
In Precambrian deposits of this kind the cementing phos-
phate mineral is generally an F-apatite that is low in carbo-
nate (Lucas et al. 1980). Diagenetic phosphatization of
clay minerals with attendant formation of apatite is known
to occur under specific slightly alkaline conditions (Alt-
schuler 1973). Apatite occurrences of this type are com-
monly associated with marine phosphorites. Cementation
by apatite is met with also in continental sequences, for in-
stance in lacustrine deposits. Layers rich in organic matter
are generally associated with the apatite, but this is not
always so. In the Helikian Thelon Formation of Canada,
approximately 1600 Ma old, pervasive late-diagenetic
cementation by phosphate minerals including apatite of a
type similar to that in the Almesakra sandstones has been
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observed (Miller 1983). The Thelon Formation, a sand-
stone/conglomerate sequence interpreted as being fluvia-
tile-lacustrine, has no deposits rich in organic matter. It
has been suggested that the phosphate mineralization is
associated with formation of phosphates in saline lakes of
a playa-evaporite environment. The variable concentra-
tion of phosphorus in Recent lakes of this type has been
explained by changes in bacterial activity (Friedman ez al.
1976). Apatite cement in sandstone has also been reported
from the lower part of the Upper Proterozoic Visingso
Group in southern Sweden where the phosphorus source
is believed to have been inorganic (Morad 1983).

Authigenic titanium minerals. — Authigenic titanium
minerals, mainly titanite, are common in the opaque-rich,
red arkosic sandstones of the Nissjo Formation. They are
not found in the red sandstones of the Branteberg Forma-
tion.

Titanite generally forms anhedral crystals 5 to 20 um
across or finely granular aggregates mostly 20 to 50 um
across, often associated with leucoxene. Titanite some-
times appears to replace detrital biotite (Fig. 45). The tita-
nite of granular aggregates replaces alteration products of
ferromagnesian minerals and appears in turn to be replac-
ed by hematite. Highly birefringent small crystals occur-
ring in such aggregates are probably anatase.

Authigenic titanite is generally believed to form in lithic
sedimentary rocks of prehnite-pumpellyite metamorphic
grade (cf. Bishop 1972). It has also been shown to form
diagenetically at temperatures of about 100 ° C in volcanic
arenites containing some detrital hornblende (Merino
1975).

In the Almesakra rocks, the sources of titanium probab-
ly include detrital biotite; hematitized or partially leached
biotites (cf. p. 65) are often observed together with the
authigenic titanite. Another source may be detrital vitanite
which occurs as large grains in the fine conglomerate
which is basal in the red arkosic sandstone.

COMPOSITIONAL TRENDS AND
PROBABLE SOURCE ROCKS

The diagrams showing the compositions of medium-
grained sandstones demonstrate obvious differences in the
contents of feldspar and lithic grains between the feldspar-
poor sandstones of the Branteberg and Storekvarn Forma-
tions and the red arkosic sandstones of the Nassjo Forma-
tion (Fig. 60). There are analogous differences in the con-
tents of opaque grains and plagioclase feldspar detritus

-] Red arkosic
-] sandstone

Fig. 70. Zoning of compositions of the red arkosic sandstones of the
Nissjo Formation in the Spexhult area. The zoning reflects different
values of the ratio lithics and opaques/detrital quartz and feldspar
% 100. In the peripheral zone H this value is c. 60, in the central zone
C 20 to 50, in the peripheral zones P and WP 4 to 15. Black dots denote
sampling localities.

(cf. Table 3 and Fig. 60). In addition, sedimentary and
cherty lithics tend to be low in the Branteberg Formation,
but high in the Nissjo Formation (Fig. 61). These diffe-
rences clearly indicate different source rocks.

A rough zoning of the composition of the red arkosic
sandstones is found in the Spexhult area. The zoning be-
comes more pronounced when the opaque oxide grain
(specularite) content is taken into account. In an elongate
central zone (zone C in Fig. 70) the ratio of lithics and
opaques to detrital quartz and feldspar is high while it is
lower in a large peripheral zone (zone P in Fig. 70). The
variation of this ratio is probably due to the occurrence of
stratigraphically lower units of the red arkosic lithofacies
in the peripheral zone and of higher ones in the central
zone. The lower stratigraphic position of the peripheral
zone is confirmed by bedding attitudes at least in some
localities (see Fig. 2). It should be noted that the ratio in
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question is low for all other comparable sandstones of the
Nissjo Formation (cf. Fig. 70, caption).

The diagram for lithic compositions (Fig. 61) shows
that granitoid lithic grains are, with few exceptions, fairly
common only in samples of the red arkosic sandstone in
the central zone of Fig. 70. Like other medium- to fine-
grained sandstones in the Nassjo Formation, red arkosic
sandstones in the peripheral zone tend to have lithic frac-
tions dominated by metavolcanic and sedimentary grains.
This dominance is strongest for ’’peripheral’’ sandstones
resting on the basement (Fig. 61). One of these basal pe-
ripheral sandstones is, however, exceptional by being
high in granitoid lithics (Fig. 61). This sandstone is arko-
sic and verges compositionally on a lithic wackestone. It
occurs as interbeds in the Hélleved conglomerate which
rests on metasupracrustal basement in a marginal zone to
the east (zone H in Fig. 70, cf. p. 61). As with the other
sandstones discussed here, the difference in lithic compo-
sition is not a grain-size effect since the sandstone is
medium-grained (cf. Odum et al. 1976, Blatt et al. 1980).

The immature marginal sandstone, and the associated
coarse conglomerate beds which are rich in granitoid and
metasupracrustal particles (cf. Fig. 28), are probably rem-
nants of an eastern proximal facies of the red arkosic
sandstone of the Nassjo Formation. This eastern facies
and the red arkosic sandstone share features such as high
contents of unstable lithic and opaque grains, presence of
detrital epidote grains and dominance of plagioclase over
potassic feldspar (see Table 3). These features are unusual
in other sandstones of the Nassjo Formation. The Lithic
Indices of the proximal and distal red arkosic sandstones
fall into the same field when plotted against grain size
(Fig. 64). The sources of the proximal facies included
granodioritic, granitic and metasupracrustal rocks now
exposed to the east and southeast of the Almesakra Group.
Older sedimentary cover rocks were subordinate sources.

From the trends in composition and grain size, a general
transport of detritus to the west can be inferred. However,
northwesterly transport directions are suggested by the
occurrence in the uppermost red arkosic sandstone beds
(zone C, north part, Fig. 70) of a specific type of K-
feldspar (cf. p. 40) and of granitoid lithics which were
probably derived from sources to the southeast. These
directions of transport agree with the palacoflow direc-
tions obtained from the conglomerate beds of the Nissjo
Formation (cf. Fig. 55), but not with indications from
trough cross-stratification in some red arkosic sandstone
beds (cf. p. 49 and Fig 56:6).

Red arkosic sandstones in the western peripheral zone
have more sedimentary and cherty rock fragments than
the rocks in the central zone (Fig. 61). Moreover, in the
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western sequence which includes red feldspathic sand-
stones belonging to the sandstone/coarse conglomerate
association (the Kansjo sequence), the K-feldspar/plagio-
clase ratios tend to be much higher than elsewhere (Fig.
63). This suggests other source areas richer in sedimenta-
ry and poorer in granitoid components, or a higher-energy
depositional environment, or both. A higher-energy en-
vironment is also suggested by a relatively higher content
of (quartzitic) conglomerates in the western sequence. For
long transport distances there is a reduction with transport
length of feldspar and unstable lithic grains in medium-
grained sands. This holds for high-gradient rivers (Suttner
and Basu 1981, cf. also Pollack 1961), the greatest reduc-
tion in unstable components being achieved in the transi-
tion from proximal to non-proximal wadi—braided river
environments (Mack 1978).

In the Branteberg subarea, a grey sandstone of the Nas-
sjo0 Formation beneath the unconformity with the Brante-
berg Formation resembles the red quartz arenite lithofa-
cies in its textural maturity, the occurrence of ’’volcanic™’
quartz grains and the intensity of feldspar alteration (Tab-
le 3). However, it differs in the average composition of its
lithic detritus, the fewer embayed ’’volcanic’’ quartz
grains and the absence of hematite grain coatings (Table
3.

The detritus compositions of the sandstones of the Bran-
teberg and Forserum Formations resemble that of the red
quartz arenite of the Marbick Formation in low contents
of feldspar and lithic grains (Figs. 60 c, d). Unlike those
of the red quartz arenite, the feldspars of the former sand-
stones, however, are all dominated by K-feldspar (Fig.
63, Table 3).

The feldspathic sandstones of the Branteberg Formation
have been studied in samples from the type sections. The
samples include granular, sandy matrices of conglomerate
beds. The immature composition of the lowermost of the
conglomerate beds and the almost complete dominance of
granitic and metavolcanic lithic grains in them are illustra-
ted in Fig. 62. In samples from the upper conglomerate
beds there are more K-feldspar grains than plagioclase and
perthitic grains. The plagioclase largely occurs within the
lithic fragments which are similar in composition to the
neighbouring red Smaland granite. Much of the sericitic
(and hematitic) matrix in this fraction of the conglomer-
ates is probably a pseudomatrix derived from altered pla-
gioclase and perthitic K-feldspar. Several characteristics
thus indicate that the detritus was derived from a granite
source. The palaeocurrent directions at Branteberg and
the low content of opaques in the detritus suggest that an
adjoining leucocratic granite complex to the east or related
rocks were major contributors (cf. Table 5).
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Dominance of granitic debris in the granule—fine pebb-
le modes and near absence of it in the coarse modes is typi-
cal of the Branteberg conglomerates. Several explanations
can be suggested for this feature which seemingly contra-
dicts other indications of rather short transport distances,
such as poor sorting and roundness, and the persistence of
unstable composite grains in the debris. Severe weather-
ing in the source areas has been suggested, supported in
this case by the strong sericitic alteration of most feldspars
in the basal conglomerate beds (Hedstrom 1917, cf. also
Bradley 1970). Sericitic alteration of detrital feldspars
derived from plutonic rocks is, however, largely a pre-
erosional feature not by itself indicating an origin from
weathered sections (cf. Weaver and Pollard 1973, see also
James et al. 1981). A ’’millstone effect’” caused by the
high proportion of ultradurable quartzite and porphyry
particles in the Branteberg gravels appears more likely:
the less durable granitoid fragments were probably rapid-
ly comminuted in the streams (cf. Abbott and Peterson
1978). The higher proportion of granitoid particles in the
Hilleved conglomerate of zone H (cf. p. 61) may also be
due to this effect: quartzitic clasts are few in these beds
and most other particles were derived from moderately
durable foliated rocks.

A study of the medium-grained sandstones overlying
the conglomerates in the Branteberg sections and else-
where in the Ralangen area shows that the unstable com-
ponents of the coarse facies have almost disappeared (Fig.
71). Perthitic and altered K-feldspar is much reduced, and
instead there is twinned and untwinned microcline of a
type extremely rare in the fine conglomerates. Large,
scattered turbid grains of perthitic K-feldspar still indicate
contribution from the granitic source. As far as can be

Fig. 71. Medium-grained subarkosic sandstone of the
Branteberg Formation. Note subrounded to well-
rounded quartz and feldspar grains delimited by
“dust’’ rims or hematite pigment, and some quartz
cement. Plain light. Sample from the uppermost beds
in the Branteberg subarea, Fig. 12.

judged from the lithic compositions of these and other
sandstones in the Ralangen area, the diluting sources ap-
pear to have been mainly feldspathic sandstones and meta-
volcanic rocks (Fig. 61b).

The sandstone of the Branteberg Formation in the Spex-
hult area resembles those in the Raldngen area in composi-
tion. The lithic composition, however, indicates a more
prominent sedimentary source (Fig. 61). Together with
the local palaeocurrent directions (cf. p. 49) this suggests
that Sméland granites, now exposed to the north, and the
sedimentary rocks that once probably covered the adja-
cent basement, have been the dominant sources of detri-
tus. In the fine conglomerate rocks of the Forserum suba-
rea (cf. p. 45), granitoid fragments are roughly as com-
mon as in the occurrences at Branteberg (Fig. 61). A few
fragments are tectonites and some, containing zoned pla-
gioclase, came from granodioritic rocks.

A number of textural inversions can be observed in the
sandstones of the Branteberg Formation. The grain-size
distributions tend to be bimodal (Fig. 65), in part because
of polymodal feldspar grain sizes. The average size of the
feldspars tends to be as large as that of the quartz grains
and roundness decreases with increase in grain size (Fig.
72). These features are anomalous in mono-source feld-
spathic sands but typical of feldspathic sands of mixed
provenance derived, for instance, from older mature
sandstones and immature arkosic debris (Folk 1974).

The quartzitic sandstones of the Storekvarn Formation
are homogeneous in composition and the lithic grain con-
tent is extremely low (Table 3). Many lithological charac-
teristics suggest that these sandstones are multicyclic (cf.
p:713).

In the western, dolerite-intruded parts of the Forserum
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Fig. 72. Grain roundness as a function of grain size in sandstone of the
Storekvarn Formation (a and b), the Branteberg Formation (c and d),
the red quartz arenite (e). Note that the roundness/size relationship in
a, b and e are normal, whereas roundness increases with decreasing
grain size in ¢ and d.

Formation, metavolcanic and granitoid fragments domi-
nate over sedimentary ones. In samples from the reddish,
eastern part of the Forserum Formation, sedimentary lith-
ics are, however, clearly more common than in the wes-
tern sandstone and are mostly fragments of hematite-
cemented siltstones. Muddy hematitic pore-fillings, not
found in the western beds, are common.

SOME QUESTIONABLE STRATIGRAPHIC
RELATIONSHIPS AND CORRELATIONS

The limited extent of outcrops and their often sporadic
character makes the exact nature of the stratigraphic rela-
tionships of the formations of the Almesakra Group diffi-
cult to determine precisely. These problems, the nature of
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the unconformity between the Nissjo and Storekvarn For-
mations, the stratigraphic positions of isolated occurrenc-
es of the quartzitic sandstone in the Forserum subarea, and
the correlation of the Forserum Formation with the rest of
the Almesdkra Group, are discussed below. The stra-
tigraphic relationships between the Storekvarn and Bran-
teberg Formations have been described above (pp. 15,
17).

The relationship between the Ndssjo Formation and the
Storekvarn Formation. — As exposed in the Ralingen
area, the unconformity between the Nissjo and Brante-
berg Formations clearly denotes the westward spreading
of alluvial fans over eroded argillitic and other sandstones
of the Nassjo Formation.

In the Vikskvarn-Storekvarn subarea 25 km to the south
of the Branteberg subarea, a presumably erosional uncon-
formity records an abrupt change from the low-energy en-
vironment of the flood or delta plain that existed during
the sedimentation of this part of the Nissj6 Formation. It
was replaced by a higher-energy environment marked by
the deposition of quartz-rich Storekvarn sands and local
coarse gravels.

In the Spexhult area, taken as a whole, the general litho-
logy of the Storekvarn quartzitic sandstones and, espe-
cially, their homogeneity over a comparatively large re-
gion indicate that an overall shift of environment had
occurred after the deposition of the Nissjé muds.

Was this a major shift in the environment marked by a
marine transgression accompanied by the deposition of
beach and shallow-marine sediments in this southern part
of the area of Almesékra sedimentation? The majority of
previous students were convinced of the marine origin of
most, if not all, of the Almesakra sedimentary sequence.
Recently, suggestions of rifting in the neighbouring Pro-
togine Zone between 850 and 1000 Ma ago (Solyom et al.
1984) have directed attention towards this question.

Mature, often massive quartz-arenitic sandstones of
wide extent (’’blanket sandstones’’) are common in the
Upper Proterozoic and Cambrian (Reading 1978, Petti-
john et al. 1972). Apart from cases such as the Lower
Cambrian of Scandinavia, where sedimentary structures
and/or evidence from fossils indicate shallow-marine or
beach depositional environments, their modes of deposi-
tion are largely uncertain. Modern analogues are lacking;
at present quartz arenite sands appear to be forming pre-
dominantly by the erosion of older mature sandstones
(Potter 1978). Fluvial sands now being laid down on all
the continents are seldom compositionally mature even in
the lower reaches of the rivers (Potter 1978, cf. also Sutt-
ner et al. 1981). Exceptions to this rule are explained
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either by downstream enhanced maturity of the sands, due
mainly to dilution by quartz-rich tributaries, or by an
overall compositional maturity, which is uncommon and
due to deep weathering in all source areas (Franzinelli and
Potter 1983, cf. also Harms 1979, Dott 1983).

The coarse conglomerates interbedding the Storekvarn
quartzitic sandstones in the Vikskvarn-Storekvarn sub-
area are poorly sorted and display virtually no grading nor
pebble segregation (cf. Clifton 1973, see also pp. 29, 48):
they do not indicate any reworking by waves on a beach.
A general characteristic of these quartzitic sandstones is
the total absence of siltstone and mudstone layers or mud
drapes such as occur in heterolithic facies of shallow mari-
ne deposits (Reading 1978). Detrital micas are also ab-
sent. Together with the lithological homogeneity of the
sandstones this suggests a large degree of reworking, pro-
bably combined with episodic aeolian transport. Next to
transport on beaches, aeolian transport is the mechanism
most conducive to textural maturity in sands.

Depositional models of this kind have been suggested
for several ancient quartz arenites (Donaldson 1967, Folk
1968, Chaudhuri 1977, cf. also Ross 1983). Strongly bi-
modal grain-size distributions and the absence of a fine
sand fraction as well as bimodal grain roundness distribu-
tions are considered to indicate at least intermittent aeo-
lian transport. In the case of the Storekvarn quartzitic
sandstones, however, such textural traits appear to be
lacking (cf. Figs. 65, 66). The absence of fine-grained,
angular quartz materials in the pores of ancient arenites
can, however, very well be a diagenetic effect. Small an-
gular quartz grains and splinters commonly form by attri-
tion in deserts. They are easily subjected to dissolution
and reprecipitation (Heald and Renton 1966).

Because of features contradicting a beach origin and be-
cause of the absence of criteria characteristic of a shallow
marine sandstone facies (except that of textural maturity),
the quartzitic sandstones of the Storekvarn Formation are
considered to have been formed from sands deposited
mainly by fluvial processes and being widely reworked in
interchannel areas by intermittent aeolian transport. Pro-
bably the main source-rocks consisted of low-lithic and
feldspar-poor sands of the Branteberg Formation. The
outcrop pattern of the quartzitic sandstones in the Spexhult
area is consistent with westward and southward transport
directions, similar to those actually recorded in the Bran-
teberg Formation in the Ralédngen area. The relationships
between the lithologies of the Branteberg and Storekvarn
Formations are compatible with a gradual reworking of
the less mature eastern sediments to produce the more
mature western ones.

The stratigraphic correlation of isolated units of quartzitic
sandstone in the Forserum subarea and the tectonic evolu-
tion of the Ldttarp syncline. — As described above (p. 17),
the Forserum subarea contains several isolated occurren-
ces of quartzitic sandstone. These rocks are compositio-
nally similar to most of the medium-grained sandstones of
the Forserum Formation (cf. Fig. 60). Moreover, the
general configuration of the rocks in the Littarp syncline
suggests their correlation with the Forserum sandstone.
However, the following factors render this correlation
doubtful: 1) In the eastern part of the Forserum subarea,
some of the quartzitic units in question occur close to the
remnants of the Branteberg Formation and also close to
presumably overlying beds of the Storekvarn Formation
(Fig. 14). This spatial association suggests that the quartz-
itic units of the eastern part of the Forserum subarea,
which are downfaulted relative to the basement, belong to
the Storekvarn Formation. 2) In the central part of the
Forserum subarea, several of the problematic quartzitic
units are exposed between the minor lakes and the dolerite
outcrops to the west and north of Lake Littarp (Fig. 16).
Some of these units might belong to the Forserum Forma-
tion on the evidence of conformable bedding attitudes.
However, the majority does not conform with the regional
synclinal pattern, and appears to be controlled by faults.
This suggests that the quartzitic sandstones in question
overlie the Forserum Formation discordantly. The con-
clusion is reinforced by observations made in the dolerite
quarry to the west of Lake Lattarp (Fig. 16). In this expo-
sure, now largely destroyed, an intrusive contact between
the dolerite and sandstone of the Forserum Formation was
observed, whereas a tectonic contact between the dolerite
and the quartzitic sandstone appeared probable.

On the evidence of these field relationships, and the
lithological homogeneity of the problematic quartzitic
sandstones in the Forserum subarea (cf. Table 3), which
contrasts with the upward increasing occurrence of fine-
grained feldspar-rich layers and thin mudstone beds in the
undisputed Forserum Formation sequence, these two
sandstones appear to be stratigraphically unrelated. The
quartzitic sandstones (except those of the northernmost
part of the Forserum subarea, where a reference to the
Marbiack Formation appears possible), are interpreted as
relics of the Storekvarn Formation. It is probable that the
latter originally covered much of the Spexhult area includ-
ing the Forserum subarea. This cover of Storekvarn rocks
could have been broken up and partially eroded during the
post-intrusive compressional folding of the Lattarp syn-
cline. In the eastern part of the syncline this early folding
may have been accentuated by later downwarping against
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the set of N-striking faults described on p. 24. The sub-
sided heterolithic sequence of Forserum, Branteberg and
Storekvarn sedimentary rocks was then confined between
an unyielding granite foot-wall to the east and the rela-
tively rigid, dolerite-intruded Forserum sandstone to the
west.

The relationship between the Forserum Formation and the
rest of the Almesdkra Group. — The unconformity pro-
bably existing between the Forserum Formation and over-
lying units of the Branteberg Formation (cf. p. 17) is
largely covered by recent deposits and complicated by
faulting (Fig. 16). However, on the eastern shore of Lake
Littarp the abrupt upward change in facies can be studied.
Relatively mature, reddish Forserum sandstones with
coarse conglomerate beds are overlain by a Branteberg as-
sociation of compositionally and texturally very immature
fine conglomerates with argillites and fine-grained sand-
stones. This association is believed to have been laid down
as an alluvial fan spreading southwards and westwards, as
indicated by a decrease of the fine conglomerate fraction
and by a general fining of the grain size in those direc-
tions.

In the remnant Branteberg Formation to the east of the
fault zone, cross-strata and axial directions of troughs
indicate palaeocurrents flowing.mainly southwards (Fig.
56). No coarse conglomerate beds are exposed here, nor
are they found in the basal faulted beds of the formation

in the Lattarp syncline. Such beds, if present, may very
well have been preferentially eroded in the tectonically
disturbed Forserum area. The relatively high incidence of
argillites suggests, however, a more distal alluvial fan en-
vironment for these occurrences of the Branteberg Forma-
tion.

Statistically the average composition of the detritus in
the Forserum Formation does not differ significantly from
that of the sandstones of the Branteberg Formation; both
were probably derived from similar source rocks. How-
ever, the presence of many sedimentary lithic grains in the
eastern part of the Forserum Formation supports a rela-
tionship between the eastern Forserum sandstones and the
sandstone/coarse conglomerate sequence of the Nissjo
Formation, the Kansjo sequence, exposed in the western
Spexhult area (cf. p. 70). That the Forserum Formation is
probably coeval with this part of the Nissjo Formation is
also suggested by the close field association to the south
of Lake Littarp between small exposures of reddish, con-
glomerate-bearing Forserum sandstones and fairly thick
argillites of the argillite/fine-grained sandstone associa-
tion (Fig. 14). To the south of Forserum, typical Nassjo
Formation fine-grained sandstone beds with mud flasers
and thin conglomerate beds occur directly on the basement
(Fig. 46). A transitional or interfingering relationship be-
tween the Forserum Formation and at least part of the
Nissjo Formation thus appears probable in the southern-
most part of the Forserum subarea.

SYNOPSIS AND CONCLUSIONS

The Middle Proterozoic Almeséakra Group consists of five
formations (see Fig. 3). In the east, below the Nissjo For-
mation, the Marbick Formation comprises isolated ero-
sion remnants resting on the basement. The Nissjé For-
mation is overlain in the north (in the Raldngen area) by
the Branteberg Formation and in the west (in the western
Spexhult area) by the Storekvarn Formation. The Store-
kvarn Formation may overlie the Branteberg Formation in
the west. In the westernmost occurrences of the Almes-
akra Group, the Forserum Formation overlies the base-
ment; it is probably coeval with a part of the Nissjo For-
mation.

The Nissjo Formation is exposed mainly in the eastern
part of the Spexhult area, the Branteberg Formation main-
ly in the Raldngen area. The Nissjo Formation probably
attains a composite thickness of 900—1000 m, the Brante-
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berg Formation is att least 130 m thick. The Storekvarn
Formation is at least 200 m and the Forserum Formation
is approximately 300 m thick.

The sedimentary rocks of the Almesikra Group are
composed largely of feldspathic arenites. Conglomerates
and argillites are subordinate and make up approximately
15% and 10% respectively of the sequence. Conglomer-
ates occur in all of the formations, argillites predominant-
ly in the Nissjo Formation. Twelve depositional facies or
associations of such facies have been distinguished, de-
scribed and interpreted. Based on the interpretations of the
various depositional facies, on the palaeocurrent patterns,
and on the detritus composition of the sandstones, a gene-
ral picture of the palaecoenvironments of the Almesikra
Group can be presented.

The sediments of the Nassjo Formation were deposited
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in an environment characterized by initial low-energy
conditions. Fine-grained sands and muds settled upon
exposed basement rocks and on remnants of an older sedi-
mentary cover; also, upon local accumulations of wea-
thering debris. In the north-central part of the Spexhult
area, a west-trending belt of feldspathic sandstones with
numerous conglomerate beds (the medium-grained sand-
stone/ coarse conglomerate association) indicates the pre-
sence of a sand-dominated river system which transported
feldspathic sands and predominantly quartzitic coarse
gravels in westerly to northwesterly directions.

A portion of these deposits probably constitutes the For-
serum Formation in the northwest. To the north and south
of these rivers, laminated silts and clays (the argillite
facies) and laminated muds interbedded with mostly fine-
grained sands (the argillite/fine-grained sandstone asso-
ciation) accumulated over fairly wide regions. They were
probably deposited on episodically inundated flood plains
associated with the river channels and presumably also in
lakes. The red arkosic, fine- to medium-grained sand-
stones (the red arkosic sandstone lithofacies) of the basal
parts of the Nissjo Formation in the east and extreme
south of the Spexhult area were probably laid down at
roughly the same time by another river system. This sys-
tem derived its detritus, which was comparatively rich in
specularite grains and rock fragments, from metavolcanic
and granitoid source areas in the east and southeast. These
sources contained fewer quartzitic sandstones of the older
cover than those of the north-central drainage system.
Detritus from a granodiorite source became prominent
with time. The proximal facies of the red arkosic sand-
stones in the marginal Hilleved zone rests on locally de-
rived conglomerates which probably represent part of the
basal deposits of the southeastern river system.

Later, coarse and fine gravels with local thin muds (the
fine and coarse conglomerate/argillite association of the
Branteberg Formation) and, on top of these, cross-
stratified fine-gravelly sands (the medium-grained sand-
stone/fine conglomerate association) were laid down in
several alluvial fans at the foot of west-facing scarps of
regional faults which occurred in an area extending west-
wards at least as far as Forserum. The fans spread out over
eroded and probably tilted Nissjo and Forserum sand-
stones. In places, crystalline basement and sandstones of
the older cover appear to have formed part of the substra-
tum. The detritus was largely transported in pebbly braid-
ed streams. It had been derived from mixed eastern sour-
ces made up of older sedimentary cover and crystalline
rocks. The trends of detritus variation suggest that initial
granitic debris, derived from the fault scarps, was gra-

dually replaced by sands comprising detritus mainly from
metavolcanic and older cover sources.

The transition from the upward-fining alluvial sequence
of the Branteberg Formation to the relatively mature
quartz-rich sands of the Storekvarn Formation (the grey
quartzitic sandstone lithofacies) is believed to have been
effected largely by the reworking of the feldspar-poor
sands of the former sequence. Fluvial transport was pro-
bably the main reworking mechanism at least in the south-
western part of the Spexhult area. Conglomerates or gra-
vels of the Nassjo Formation may have been exposed here
in fault scarps and become eroded. The lithological homo-
geneity of the quartzitic sandstones in comparatively wide
areas to the west suggests a stable depositional environ-
ment such as, for instance, downfaulted plains. The tex-
tural maturity of the multicyclic sands was probably pro-
moted by wind transport and deposition on more or less
ephemeral aeolian dunes in interchannel areas.

Shallow-water conditions and, probably in part, aeolian
transport are suggested by certain structural and textural
characteristics of the red beds of the Marbidck Formation
(the red quartz arenite lithofacies). The modes of hematite
and quartz cementation in this formation further suggest
that the palaeoclimate was arid or semi-arid, and warm.
The preserved euhedral overgrowths on quartz grains in
the Naissjo red arkosic sandstones indicate that similar cli-
mates probably prevailed also during the deposition of at
least the lowermost part of the Néssjo Formation.

As above-mentioned, compositional variation and per-
sistent palaeocurrent directions indicate that the sediments
of the Almesakra Group were laid down in basins or on
plains by streams draining uplands located mainly to the
east and southeast. In contrast, the characteristics of the
Almesakra sediments do not indicate any influx of detritus
from possible highlands in the area to the west of the Pro-
togine Zone which were affected by the Sveconorwegian
— Grenvillian orogeny 1250—900 Ma ago.

When the dolerite magma intruded c. 1000 Ma ago (Pat-
chett 1978), the sediments of the Almesdkra Group were
consolidated but not cemented completely (cf. Rodhe
1985). A minimum time lapse of some millions of years

"between the consolidation of the red beds of the older

sandstone cover and the deposition of the conglomerates
of the Nissjo and Branteberg Formations is suggested by
the modes of hematite and quartz cementation in red
sandstone clasts found in the conglomerates. Similar red
quartz arenites are exposed today only in outcrops of the
Marbiack Formation.

Several remnants of fine-grained dolerite-intruded
sandstones, presumably belonging to the Nissjo Forma-
tion, are found to the west of the present occurrence area
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of the Almesakra Group (cf. Fig. 1). Together with the
observations of xenolithic dolerite dykes several tens of
kilometres further south (cf. p. 5), this supports Eich-
stadt’s (1885) and Magnusson’s (1963) conclusions re-
garding the one-time presence of a very extensive Jotnian
sedimentary cover in southern Sweden. This Jotnian cov-
er derived part of its detritus from more ancient, unmeta-
morphosed sedimentary sources.

The authigenic mineralogy of the Almeséakra sandstones
and the very low-metamorphic grade of the argillites sug-
gest moderate depths of burial of the Almesékra Group.

Brittle tectonics characterize the deformation of the
Almesédkra sedimentary sequences with intruding sills.
The intensity of tectonic disturbance does not on the whole
decrease from the west to the east of the occurrence area
as has been suggested by earlier observers (cf. Gavelin
1931, Martin 1939).

The folding style as observed in a limited number of
large-scale structures is upright and, with one exception,

open. A majority of the folds, large or small, can be rela-
ted to movements along high-angle faults belonging to the
regional system. The fold axes form a diffuse girdle pat-
tern when plotted on an equal area net. The axial trends
tend to cluster at NW—NNW, but also at NE and W; the
plunges are gentle and preferentially westerly.

The dips of the bedding in sandstones are usually gentle
except near fault zones. Argillite-dominated units in such
zones are generally much more deformed than the asso-
ciated sandstones, the deformation still being largely
brittle. .

Major high-angle faults mainly trend N, NE and NW to
NNW. Movements on the faults appear generally to have
been normal; however, reverse faulting and thrusting has
been observed locally in association with the NE-trending
regional faults. The latter have probably acted as strike-
slip faults during part of their-existence. No conclusive
proof of appreciable lateral displacements along them has,
however, been found.

ACKNOWLEDGEMENTS

This study was carried out as part of programmes at the Depart-
ment of Mineralogy and Petrology, University of Lund. The
field work was done mainly within the Municipality of Nissjo.

My sincere thanks go foremost to my supervisor Roland Gor-
batschev for his support, encouragement and constructive cri-
ticism throughout. He put the preliminary results of his own
work in the Almesakra field at my disposal. This work has profi-
ted greatly by his experience. I am most grateful to Risto
Kumpulainen, Stockholm, for his generous tutorship in the art
of discovering and interpreting sedimentary structures in very
old rocks. He also read and amended early drafts of the manu-
script. David Gee, who most kindly read parts of a later version
of the same, has made many valuable suggestions.

A very special thank you is due to Christine Andréasson for
her great skill and unending patience in drawing the numerous
maps and diagrams which have been necessary. Margaret

76

Greenwood-Petersson simplified and sharpened many of my
English sentences, Viveka Askeland and Erna Hansson typed all
of them. These persons, and Josef Gersner who prepared hund-
reds of thin sections with great accuracy, are heartily thanked
for their assistance.

Stimulating discussions with colleagues and friends have pro-
vided indispensable extra-curricular education. Some of these
persons, Kristina Lindholm, Doris Fredholm and Stefan Uhlig
have also provided a lot of hard labour in the field. To all my
great indebtedness is acknowledged.

A large subscription from Nassjo Municipality Cultural Divi-
sion for the publishing of this work is gratefully acknowledged.
I also wish to thank Soringens Folkhogskola and its Principal,
Nils G. Nilson, Nissjo, most heartily for favourable accom-
modation provided during many field seasons.




ALMESAKRA GROUP

REFERENCES

GFF = Geologiska Foreningens i Stockholm Forhandlingar
SGU = Sveriges geologiska undersokning

ABBoTT, P.L., and PetersoN, G.L., 1978: Effects of abrasion durability
on conglomerate clast populations: examples from Cretaceous
and Eocene conglomerates of the San Diego area, California. —
J. Sediment. Petrol. 48, 31—42.

ABErG, G., 1978: Precambrian geochronology of south-east Sweden.
— GFF 100, 125—154.

ALLEN, J.R.L., 1962: Petrology, origin and deposition of the highest
Lower Old Red Sandstone of Shropshire, England. — J. Sedi-
ment. Petrol. 32, 657—697.

— 1963: The classification of cross-stratified units. With notes on their
origin. — Sedimentology 2, 93—114.

— 1964: A review of the origin and characteristics of recent alluvial
sediments. — Sedimentology 5, 89—191.

— 1979: A model for the interpretation of wave ripple-marks using
their wavelength, textural composition, and shape. — J. Geol.
Soc. London 136, 673—682.

— 1982: Sedimentary structures, their character and physical basis. —
Developments in Sedimentology 30A, 30B. Elsevier, Amster-
dam, 593 +663 pp.

ALLEN, J.R.L., and Banks, N.L., 1972: An interpretation and analysis
of recumbent-folded cross-bedding. — Sedimentology 19,
257—283.

ALTSCHULER, Z.S., 1973: The weathering of phosphate deposits. Geo-
chemical and environmental aspects. In Griffith et al. (eds.): En-
vironmental Phosphorus Handbook. — Wiley & Sons, N.Y.,
33—96.

ASKLUND, B., 1923: Bruchspaltenbildungen im siidéstlichen Ostergot-
land nebst einer Ubersicht der geologischen Stellung der Bruch-
spalten Siidost-schwedens. — GFF 45, 250—285.

— 1927: Om Fennoskandias algonkiska geologi och formationsindel-
ning. — GFF 49, 529—564.

— 1934: Berggrunden. /n B. Asklund and R. Sandegren: Beskrivning
till kartbladet Storvik. — SGU Aa 176, 39—47.

— 1939: Berggrunden. /n R. Sandegren, B. Asklund and A.H. Wester-
gard: Beskrivning till kartbladet Gavle. — SGU Aa 178, 26—30.

AXBERG, S., and WADsTEIN, P., 1980: Distribution of the sedimentary
bedrock in Lake Vittern, southern Sweden. — Stockh. Contrib.
in Geol. XXXIV, 15—25.

Baer, A.J., 1981: A Grenvillian model of Proterozoic plate tectonics.
In A. Kroner (ed.): Precambrian Plate Tectonics. — Elsevier,
Amsterdam, 353—385.

BerG-LEMBKE, E., 1970: A microscopic study of the Almesikra
quartzite-dolerite conglomerate. — GFF 92, 40—48.

BERTHELSEN, A., 1980: Towards a palinspastic tectonic analysis of the
Baltic Shield. — Géologie de I’Europe du précambrien aux bas-
sins sédimentaires post-hercyniens. Colloque C6, Publications
du 26e CGI, Paris 7—17 juillet 1980, 5—21.

BisHor, D.G., 1972: Progressive metamorphism from prehnite-
pumpellyite to greenschist facies in the Dansey Pass Area, Otago,
New Zealand. — Geol. Soc. Am. Bull. 83, 3177—3198.

BraTT, H., MIDDLETON, G., and MurraAy, R., 1980: Origin of Sedimen-
tary Rocks. 2:d ed. — Prentice-Hall, New Jersey, 782 pp.

BLOMBERG, A., 1900: Geologisk beskrivning Gver Blekinge lin, jemte
redogorelse for stenindustrin inom Blekinge ldn af Hj. Lund-
bohm. — SGU Ca 1, 110 pp.

Bruck, B.J., 1967: Deposition of some Upper Old Red Sandstone
conglomerates in the Clyde area: A study in the significance of
bedding. — Scottish Journ. of Geol. 3, 139—167.

BootHroyp, J.C., and NuMMEDAL, D., 1978: Proglacial braided out-
wash: a model for humid alluvial-fan deposits. In A.D. Miall
(ed.): Fluvial Sedimentology. — Mem. Can. Soc. Petrol. Geol.
5, 641—668.

BrabLey, W.C., 1970: Effect of weathering on abrasion of granitic
gravel, Colorado River (Texas). — Geol. Soc. Am. Bull. 81,
61—80.

Brynn, 1., 1978: Flood deposits in the Hornelen Basin, west Norway
(Old Red Sandstone). — Norsk Geol. Tidsskr. 58:4, 273—300.

Buyce, M.R., and FrieEDMAN, G.M., 1975: Significance of authigenic
K-feldspar in Cambrian-Ordovician carbonate rocks of the Proto-
Atlantic Shelf in North America. — J. Sediment. Petrol. 45,
808—821.

CampBeLL, C.V., 1967: Lamina, laminaset, bed and bedset. — Sedi-
mentology 8, 7—26.

Carozzi, A. V., 1960: Microscopic sedimentary petrography. — Wiley
& Sons, N.Y. 485 pp.

CHAUDHURI, A., 1977: Influence of eolian processes on Precambrian
sandstones of the Godavari valley, S. India. — Precambrian
Research 4, 339—360.

Curron, H., 1973: Pebble segregation and bedding lenticularity in
wave-worked versus alluvial gravel. — Sedimentology 20,
173—187.

CoLEMAN,J.M., 1969: Brahmaputra River: channel processes and sedi-
mentation. — Sedimentary Geology 3, 129—239.

CoLLinsoN, J.D., 1968: The sedimentology of the Grindslow Shales
and the Kinderscout Grit: a deltaic complex in the Namurian of
northern England. — J. Sediment. Petrol. 39, 194—221.

— 1970: Bed forms of the Tana River, Norway. — Geogr. Ann. 52A,
31-55.

Crook, K.A.W., 1968: Weathering and roundness of quartz sand
grains. — Sedimentology 11, 171—182.

DarpLes, E.C., 1971: Physical classification of carbonate cement. — J.
Sediment. Petrol. 41, 196—204.

Dickinson, W.R., 1970: Interpreting detrital modes of graywacke and
arkose. — J. Sediment. Petrol. 40, 695—707.

DionNE, J.-C., and SuiLts, W.W., 1974: A Pleistocene Clastic Dike,
Upper Chaudiére Valley, Québec. — Can. J. Earth. Sci. 11,
1594—1605.

Dok, T.W., and Dott, R.H. Jr., 1980: Genetic significance of de-
formed cross bedding — with examples from the Navajo and
Weber sandstones of Utah. — J. Sediment. Petrol. 50, 793—812.

DokcLas, D.J., 1962: The structure of sedimentary deposits of braided
rivers. — Sedimentology 1, 167—190.

DonaLDsoN, J.A., 1967: Two Proterozoic clastic sequences. A sedi-
mentological comparison. — Geol. Assoc. Canada Proc. 18,
33—-54.

Dorr, R.H. Jr., 1973: Paleocurrent analysis of trough cross-
stratification. — J. Sediment. Petrol. 43, 779—783.

— 1983: The Proterozoic red quartzite enigma in the north-central
United States: Resolved by plate collision? — Geol. Soc. Am.
Memoir 160, 129—141.

v. EcKERMANN, H., 1937: The Jotnian Formation and the Sub-Jotnian
Unconformity. — GFF 59, 19—58.

EicustApT, F., 1885: Om qvartsit-diabaskonglomeratet i Smaland och
Skéne. — GFF VII 95, 610—630.

ELuiotT, T., 1974: Interdistributary bay sequences and their genesis. —
Sedimentology 21, 611—622.

ELMORE, R.D., 1983: Precambrian non-marine stromatolites in alluvial
fan deposits, the Copper Harbor Conglomerate, Upper Michi-
gan. — Sedimentology 30, 829—842.

ERIkssoN, L., and HENKEL, H., 1983: Deep structures in the Precam-
brian interpreted from magnetic and gravity maps of Scandina-
via. — Int. Basement Tectonics Assoc., Publ. 4, 351—358.

71



AGNES RODHE

EvnoN, G., and WALKER, R., 1974: Facies relationships in Pleistocene
outwash gravels, southern Ontario: a model for bar growth in
braided rivers. — Sedimentology 21, 43—70.

Faikum, T., and PeTERSEN, J.S., 1980: The Sveconorwegian Orogenic
Belt, a case of Late-Proterozoic Plate-Collision. — Geol. Rund-
schau 69, 622—647.

FoLk. R.L., 1960: Petrography and origin of the Tuscarora, Rose Hill
and Keefer Formations, L. and M. Silurian of eastern W. Vir-
ginia. — J. Sediment. Petrol. 30, 1—58.

— 1968: Bimodal supermature sandstones. Product of the desert floor.
— XXIII Intern. Geol. Congress, Proc. 8, 9—32.

— 1974: Petrology of sedimentary rocks. — Hemphill Publ. Co. Aus-
tin, Texas. 182 pp.

FranziNeLLl, E., and PorTer P.E., 1983: Petrology, chemistry, and
texture of modern river sand, Amazon river system. — J. Geol.
91, 23—39.

FrieoMaN, I., SmitH, G.I., and HarpcasTLE, K.G., 1976: Studies of
Quaternary saline lakes — II Isotopic and compositional changes
during desiccation of the brines in Owens Lake, California,
1969—71. — Geochim. Cosmochim. Acta 40, 501—511.

FUCHTBAUER, H., 1974: Zur Diagenese fluviatiler Sandsteine. — Geol.
Rundschau 63, 904—925.

FUCHTBAUER, H., and MULLER, G., 1977: Sedimente und Sedimentge-
steine. — Schweizerbart’sche Verlagsbuchhandlung, Stuttgart.
784 pp.

GAVELIN, A, 1912: Beskrifning till kartbladet Tranas. — SGU Aa 135,
75 pp.

GAVELIN, S., 1931: Nagra tektoniska och stratigrafiska iakttagelser
inom Almesakraformationen. — GFF 53, 137—149.

GLENNEE, K.W., 1970: Desert sedimentary environments. — Develop-
ments in Sedimentology 14, 222 pp.

GLenNiE, K.W., Mupp, G.C., and NAGTEGAAL, P.J.C., 1978: Deposi-
tional environment and diagenesis of Permian Rotliegendes
sandstones in Leman Bank and Sole Pit areas of the U.K. southern
North Sea. — J. Geol. Soc. Lond. 135, 25—34.

GORBATSCHEV, R., 1967: Petrology of Jotnian rocks in the Gévle area,
E. Central Sweden. — SGU C 621, 50 pp.

— 1980: The Precambrian development of southern Sweden. — GFF
102, 129—136.

GORBATSCHEV, R., and CoLLini, B., 1978: The Precambrian Platform
Cover in Sweden. In A. Peyve, V. Khain, M. Muratov (eds.):
Tectonics of Europe and adjoining areas. Descriptions of the Tec-
tonic Map of Europe. 2:nd ed., IUGS. — Nauka, Moskva,
94—95. In Russian.

GoORBATSCHEV, R., and GAAL, G., 1986: The Precambrian history of the
Baltic Shield. In A. Kroner, ed.: >’Proterozoic Lithospheric Evo-
lution”’. — Amer. Geophys. Union, Geodynamics Series.

GORBATSCHEV, R., and KinT, O., 1961: The Jotnian Milar Sandstone of
the Stockholm Region, Sweden. — Bull. Geol. Inst. Uppsala XL,
51—68.

GULBRANDSEN, R.A.., 1970: Relations of carbon dioxide content of apa-
tite of the Phosphoria Formation to regional facies. — Prof. Pap.
U.S. Geol. Survey 700, B, 9—13.

GusTavsoN, TH.C., 1974: Sedimentation on gravel outwash fans. Ma-
laspina glacier foreland, Alaska. — J. Sediment. Petrol. 44,
374—389.

Harwms, J.C., 1979: Alluvial-Plain Sediments of Nubia, Southwestern
Egypt. — AAPG Bull. 63, 829.

Harwms, J.C., SouTHARD, J.B., and WaLKER, R.G., 1982: Structures and
sequences in clastic rocks. — SEPM short course no. 9, Calgary,
250 pp.

Havashi, T., 1966: Clastic dikes in Japan (1). — Jap. J. Geol. Geogr.
37, 1-20.

HeaLp, M.T., and Laresg, R.E., 1974: Influence of coatings on quartz
cementation. — J. Sediment. Petrol. 44, 1269—1274.

HeaLp, M.T., and RenToON, J.J., 1966: Experimental study of sandstone
cementation. — J. Sediment. Petrol 36, 977—991.

HepstrRoM, H., 1917: Beskrivning till kartbladet Eksjo. — SGU Aa
129, 107 pp.

Hew, E.J., and WALKER, R.G., 1977: Bar evolution and development
of stratification in the gravelly, braided, Kicking Horse River,
British Columbia. — Can. J. Earth Sci. 14, 562—570.

78

Hesse. R., and READING, H., 1978: Subaqueous clastic fissure eruptions
and other examples of sedimentary transposition in the lacustrine
Horton Bluff fm (Miss.) Nova Scotia, Canada. — Spec. Publ. Int.
Ass. Sediment. 2, 241—257.

Hewarp, A.P., 1978: Alluvial fan sequence and megasequence models
with examples from Westphalian D — Stephanian B coalfields,
Northern Spain. In A.D. Miall (ed.): Fluvial Sedimentology. —
Mem. Can. Soc. Petrol. Geol. 5, 669—700.

Hicu, L.R., and Picarp, M.D., 1974: Reliability of cross-stratification
types as paleocurrent indicators in fluvial rocks. — J. Sediment.
Petrol. 44, 158—168.

HIELMQVIST, S., 1956: On the occurrence of ignimbrites in the Pre-
cambrian. — SGU C 542, 12 pp.

— 1966: Beskrivning till berggrundskarta dver Kopparbergs ldn. Sum-
mary: Description to map of the Pre-Quaternary rocks of the
Kopparberg County, Central Sweden. With map in two sheets, to
the scale of 1:200.000. — SGU Ca 40, 217 pp.

— 1982: The Porphyries of Dalarna, Central Sweden. — SGU C 782,
52 pp.

HocsoMm, A.G., 1909: Precambrian Geology of Sweden. — Bull. Geol.
Inst. Uppsala X, 1—80.

Hocsom, A.G., GaveLiN, A., and HEpsTROM, H., 1910: Excursions in
the Archaean of Southern Sweden. — GFF 32, 985—1050.

INGRAM, R.L., 1954: Terminology for the thickness of stratification
and parting units in sedimentary rocks. — Geol. Soc. Am. Bull.
65, 937—938.

James, W.C., Mack, G.H., and SutTner, L.J., 1981: Relative altera-
tion of microcline and sodic plagioclase in semi-arid and humid
climates. — J. Sediment. Petrol. 51, 151—164.

Jonansson, C.E., 1976: Structural studies of frictional sediments.
(Akad. avh.) — Medd. fran Uppsala univers. geograf. institu-
tioner, Ser. A. 269, 301 pp.

KEeLLERHALS, R., SHAW, J., and ARORA, V K., 1975: On grain size from
thin sections. — J. Geol. 83, 79—96.

KEeLLING, G., 1968: Patterns of sedimentation in Rhondda Beds of S
Wales. — AAPG Bull. 52, 2369—2386.

KessLEr, L.G., 1978: Diagenetic sequence in ancient sandstones depo-
sited under desert climatic conditions. — J. Geol. Soc. London,
135, 41—49.

Koark, H.J., 1970: Geologie von Schweden. Eine Kurzfassung. —
Geol. Rundschau 59, 763—791.

Kuenen, PHH., 1960: Experimental abrasion 4. Eolian action. — J.

: Geol. 68, 427—449.

KukaL, Z., 1980: The sedimentology of Devonian and L. Carboni-
ferous deposits of the western part of the Nitzky Jesenik Moun-
tains, Czechoslovakia. — J. Geol. Science, 131—162.

KuMmpuLAINEN, R., and NysTUEN, J.P., 1985: Late Proterozoic basin
evolution and sedimentation in the westernmost part of Balto-
scandia. In D.G. Gee & B.A. Sturt (eds.): The Caledonide Oro-
gen: Scandinavia and Related Areas. — John Wiley, 21 pp.

Laming, D.J.C., 1966: Imbrication, paleocurrents and other sedimen-
tary features in the Lower New Red Sandstone, Devonshire,
England. — J. Sediment. Petrol. 36, 940—959.

LeopoLp, L.B., and WoLmaN, M.G., 1957: River channel patterns:
braided meandering and straight. — Prof. Pap. U.S. Geol. Sur-
vey 282-B, 85 pp.

Lowe, D., 1975: Water escape structures in coarse-grained sediments.
— Sedimentology 22, 157—204.

— 1976: Subaqueous liquefied and fluidized sediment flows and their
deposits. — Sedimentology 23, 285—308.

Lowe, D., and Lo Piccoro, R.D., 1974: The characteristics and origin
of dish and pillar structures. — J. Sediment. Petrol. 44,
484—501.

Lucas, J., Prévor, L., and TrRoMpETTE, R., 1980: Petrology, minera-
logy and geochemistry of the late Precambrian phosphate depo-
sits of Upper Volta (W Africa). — J. Geol. Soc. London 137,
787—792.

LunpeGARDH, P. H., 1964: Det svenska urberget. /n P.H. Lundegérdh,
G. Lundqvist and M. Lindstrom: Berg och jord i Sverige. —
Almgqvist & Wiksell. 127—133.

— 1967: Berggrunden i Gévleborgs lin. — SGU Ba 22, 101—107.




ALMESAKRA GROUP

Lunpquvist, T., 1979: The Precambrian of Sweden. — SGU C 768, 87

PP-

Mack, G.H., 1978: The survivability of labile light-mineral grains in
fluvial, aeolian and littoral marine environments: the Permian
Cutler and Cedar Mesa Formations, Moab, Utah. — Sedimento-
logy 25, 587—604.

— 1981: Composition of modern stream sand in a humid climate deriv-
ed from a low-grade metamorphic and sedimentary foreland fold-
thrust belt of North Georgia. — J. Sediment. Petrol. 51,
1247—1258.

Macnusson, N.H., 1960: Age determinations of Swedish Precambrian
rocks. — GFF 82, 407—432.

MagnussoN, N.H., Lunpqvist, G., and ReGNELL, G., 1963: Sveriges
geologi, 4:e uppl. — Svenska Bokforlaget, Norstedts, Stock-
holm, 698 pp.

MarTiN, H., 1939: Die Post-Archéische Tektonik im siidlichen Mit-
telschweden — N. Jb. f. Min. Geol. u. Pal., Beilage Bd 82, Abt.
B. 1—89.

MCcKEE, E.D., 1954: Stratigraphy and history of the Moenkopi forma-
tion of Triassic age. — Geol. Soc. Am. Mem. 61, 133 pp.

McKEE, E.D., Crossy, E.J., and BerryHILL, H.L., 1967: Flood depo-
sits, Bijou Creek, Colorado, June 1965. — J. Sediment. Petrol.
37, 829—851.

MEriNo, E., 1975: Diagenesis in Tertiary sandstones from Kettleman
North Dome, California. I Diagenetic mineralogy. — J. Sedi-
ment. Petrol. 45, 320—336.

MiaLL, A.D., 1974: Paleocurrent analysis of alluvial sediments: a dis-
cussion of directional variance and vector magnitude. — J. Sedi-
ment. Petrol. 44, 1174—118S.

— 1977: A review of the braided-river depositional environment. —
Earth Sci. Rev. 13, 1—62.

MILLER, A.R., 1983: A progress report: Uranium-Phosphorus associa-
tion in the Helikian Thelon Formation and Sub-Thelon saprolite,
central district of Keewatin. — Geol. Survey of Canada, Paper
83-1A, 449—456.

Morab, S., 1983: Petrology of the Visingsé Group (Upper Protero-
zoic) Southern Sweden. — Diss. Dep. of mineralogy and petro-
logy, University of Uppsala, U.U.D.M.P. research report no 34,
57 pp.

MunTtsE, H., and GAVELIN, A., 1907: Beskrifning till kartbladet Jon-
koping. — SGU Aa 123, 166 pp.

NATHORST, A.G., 1879: Om de svenska urbergens sekulira forvittring.
— GFF IV, 382—396.

NEAL, J.T., 1978: Mud cracks (contraction polygons). In: Encyclope-
dia of Earth Sciences, vol. VI (eds. R.W. Fairbridge and J. Bour-
geois), 486—488.

NiLsen, T.H., 1968: The relationship of sedimentation to tectonics in
the Solund Devonian district of south-western Norway. — Norg.
geol. unders. 259, 108 pp.

NotHoLT, A.J.G., 1980: Phosphatic and glauconitic sediments. — J.
Geol. Soc. London 137, 657—659.

Opowm, LE., Dok, T.W., and Dorr, R.H., 1976: Nature of feldspar-
grain size relations in some quartz-rich sandstones. — J. Sedi-
ment. Petrol. 46, 862—870.

OsakaNGas, R.W., 1963: Petrology and sedimentation of the Upper
Cambrian Lamotte sandstone in Missouri. — J. Sediment. Petrol.
33, 860—873.

OkaADA, H., 1971: Classification of sandstone: Analysis and proposal.
— J. Geol. 79, 509—525.

OLIVECRONA, H., 1920: Om Visterdalarnas sandstensformation och
dess tektonik. — GFF 42, 323—362.

OoMkEns, E., 1970: Depositional sequences and sand distribution in
the post-glacial Rhéone delta complex. — SEPM Spec. publ. 15,
198—212.

PatcHerT, P.J., 1978: Rb/Sr ages of Precambrian dolerites and syeni-
tes in South and Central Sweden. — SGU C 747, 1—63.
PatcHeTT, P.J., and ByLunD, G., 1977: Age of Grenville belt magneti-
sation: Rb-Sr and palaecomagnetic evidence from Swedish doleri-

tes. — Earth Planet. Sci. Lett. 35, 92—104.

PerTUOHN, F.J., 1975: Sedimentary Rocks. — Harper & Row, New

York. 628 pp.

PerTuonN, F.J., PorTeR, P.E., and SiEver, R., 1973: Sand and Sand-
stone. — Springer Verlag, Berlin. 618 pp.

PirrMan, E.D., 1972: Diagenesis of quartz in sandstones, as revealed
by scanning electron microscopy. — J. Sediment. Petrol. 42,
507—519.

PLAs, VANDER, L., and Tosi, A.C., 1965: A chart for judging the relia-
bility of point counting results. — Am. J. Sci. 263, 87—90.

PLumMER, P.S., and GosTIN, V. A., 1981: Shrinkage cracks: desiccation
or synaeresis? — J. Sediment. Petrol. 51, 1147—1156.

PoLrack, J.M., 1961: Significance of compositional and textural pro-
perties of South Canadian river channel sands, New Mexico,
Texas and Oklahoma. — J. Sediment. Petrol. 31, 15—37.

PoLLarp, J.E., STEeL, R.J., and UNDpERsRrUD, E., 1982: Facies sequen-
ces and trace fossils in lacustrine/fan delta deposits, Hornelen
Basin (M Devonian), Western Norway. — Sedimentary Geology
32, 63—87.

PorTeR, P.E., 1978: Petrology and chemistry of river sands. — J.
Geol. 86, 423—449.

PotTER, P.E., and PETTiOHN, F.J., 1977: Paleocurrents and basin ana-
lysis. — Springer Verl. 2 ed. 425 pp.

Powers, M.C., 1953: A new roundness scale for sedimentary particles.
— J. Sediment. Petrol. 23, 117—119.

ReADING, H.G. (ed.), 1978: Sedimentary Environments and Facies. —
Blackwell Sci. Publ. Oxford, 557 pp.

ReNeck, H.E., and SiNgh, I.B., 1973: Depositional Sedimentary Envi-
ronments. — Springer Verl., Berlin, 439 pp.

Remeck, H.E., and SiNGH, I.B., 1980: Depositional Sedimentary Envi-
ronments. — Springer Verl., Berlin, 549 pp.

Rock-CoLour CHART ComMITTEE, The, 1970: Rock-colour chart. — The
Geol. Soc. of America, Boulder, Col.

RopHE, A., 1985: Geochemistry and clay mineralogy of argillites in the
Late Proterozoic Almesakra group, South Sweden. — GFF 107,

175—182.

RosHOFF, K., 1975: The Precambrian in south-eastern Sweden. — GFF
97, 368—378.

— 1979: The tectonic-fracture pattern in southern Sweden. — GFF
100, 255—261.

Ross. G.M., 1983: Proterozoic aeolian quartz arenites from the Horn-
by Bay Group, Northwest Territories, Canada: implications for
Precambrian aeolian processes. — Precambrian Res. 20,
149—160.

Rust, B.R., 1972a: Pebble orientation in fluvial sediments. — J. Sedi-
ment. Petrol. 42, 384 —388.

— 1972b: Structure and process in a braided river. — Sedimentology
18, 221—245.

— 1979: Coarse alluvial deposits. /n R.G. Walker (ed.): Facies
Models. — Geosc. Canada. Reprint series 1, 9—21.

SeDERHOLM, J.J., 1897: Uber eine archiische Sedimentformation im
sidwestlichen Finland und ihre Bedeutung fiir die Erkldrung der
Entstehungsweise des Grundgebirges. — Bull. Comm. géol. Fin-
lande 6, 1—254.

— 1927: Om de jotniska och s.k. subjotniska bergarterna. — GFF 49,
397—426.

SeLLEY, R.C., 1969: Studies of sequence in sediments using a simple
mathematical device. — J. Geol. Soc. Lond. 125, 557—581.

SmitH, N.D., 1970: The braided stream depositional environment:
comparison of the Platte River with some Silurian clastic rocks,
N-Central Appalachians. — Geol. Soc. Am. Bull. 81, 2993—
3014.

— 1972: Some sedimentological aspects of planar cross-stratification in
a sandy-braided river. — J. Sediment. Petrol. 42, 624—634.

— 1974: Sedimentology and bar formation in the upper Kicking Horse
River, a braided outwash stream. — J. Geol. 82, 205—223.

SoBraL, J.M., 1913: Contributions to the geology of the Nordingra
region. — Dissert. Univ. Uppsala. 177 pp.

SoLyoMm, Z., ANDREASSON, P.-G., JoHaNssoN, I., and HEpvaLL,R., 1984:
Petrochemistry of Late Proterozoic rift volcanism in Scandina-
via. I. The Blekinge-Dalarna Dolerites (BDD)-volcanism in a
failed arm of Iapetus? — Lund Publ. Geol. 23. 55 pp.

StoLpe, M., 1892: Beskrifning till kartbladet Nydala. — SGU Ab 14,

69 pp.

19



AGNES RODHE

SUTTNER, L.J., and Basu, A., 1981: Climate and the origin of quartz
arenites. — J. Sediment. Petrol. 51, 1235—1246.

TanNer, W.F., 1967: Ripple mark indices and their uses. — Sedimen-
tology 9, 89—104.

TavLor, J.H., 1963: Sedimentary features of an ancient deltaic com-
plex: the Wealden rocks of southeastern England. — Sedimento-
logy 2, 2—28.

THompsoN, W.0., 1937: Original structures of beaches, bars and du-
nes. — Geol. Soc. Am. Bull. 48, 723—752.

TURNER, P., 1974: Origin of red beds in the Ringerike Group (Silurian)
of Norway. — Sediment. Geol. 12, 215—235.

— 1980: Continental Red Beds. — Developments in Sedimentology 29,
792 pp.

WAaLKER, R.G., 1975: Generalized facies models for resedimented
conglomerates of turbidite association. — Geol. Soc. Am. Bull.
86, 737—748.

WALKER, T.R., 1967: Formation of Red Beds in Modern and Ancient
Deserts. — Geol. Soc. Am. Bull. 78, 353—368.

— 1976: Diagenetic origin of continental red beds. /n H. Falke (ed.):
The Continental Permian in Central West and South Europe,
Reidel, Dordrecht, Holland, 240—282.

— 1979: Red colour in dune sand. In McKee (ed.): A study of global
sand seas. — Prof. Pap. U.S. Geol. Survey 1052, 61—81.

WALKER, T.R., WauGH, B., and GroNE, A.J., 1978: Diagenesis in first-
cycle desert alluvium of Cenozoic age, SW United States and NW
Mexico. — Geol. Soc. Am. Bull. 89, 19—32.

80

WaLLacg, C.A., 1976: Diagenetic replacement of feldspar by quartz in
the Uinta Mountain Group, Utah and its geochemical implica-
tions. — J. Sediment. Petrol. 46, 847—861.

WaucH, B., 1970: Petrology, provenance and silica diagenesis of the
Penrith sandstone (Lower Permian) of northwest England. — J.
Sediment. Petrol. 40, 1226—1240.

— 1978: Authigenic K-feldspar in British Permo-Triassic sandstones.
— J. Geol. Soc. Lond. 135, 51—56.

WEeaVeRr,C.E., and PoLLARD, L., 1973: The chemistry of clay minerals.
— Elsevier, Amsterdam. 200 pp.

WELIN, E., and BLomqvisT, G., 1966: Further age measurements on
radioactive minerals from Sweden. — GFF 88, 3—18.

WIKLANDER, U., 1974: Precambrian petrology, geochemistry and age
relations of northeastern Blekinge, southern Sweden. — SGU C
704, 142 pp.

Wikman, H., BRUUN, A., DanLman, B., and VipaL, G., 1982: Beskriv-
ning till berggrundskartan Hjo NO. — SGU Af 120, 112 pp.

WiLLiams, P.F., and Rust, B.R., 1969: The sedimentology of a braided
river. — J. Sediment. Petrol. 39, 649—679.

WiLson, M.D., and PrrrMan, E.D., 1977: Authigenic clays in sand-
stones: recognition and influence on reservoir properties and
paleoenvironment. — J. Sediment. Petrol. 47, 3—31.

WoLr, K.H., 1971: Textural and compositional transitional stages be-
tween various lithic grain types (with a comment on ’’Interpreting
detrital modes of graywacke and arkose’’). — J. Sediment.
Petrol. 41, 328—332.




PRISKLASS D

Distribution
Liber Distribution
S-162 89 STOCKHOLM
Tel. 08-739 91 30

Tryck: Offsetcenter AB ISBN 91-7158-427-7

Fotosats: Sitt o Grafiska Mediaproduktion AB 1
Uppsala 1987 ISSN 0348-1352 1



