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Field studies of the allochthonous Ekre Shale and Vanqsas Formation (uppermost Hedmark
Group ) were underta ken in order to develop a sedimentary model for the final stages of infilling of
the Hedmark rift basin . The Ekre Shale accumulated as a prodeltaic deposit following a quick
eustatic sea-level rise caused by melting of Varangerian ice-sheets. It is conformably or erosively
over lain by the Vardal Sandstone Member of the va nqsas Formatio n, which in its lower and midd
le parts represents a trans ition from a fan-deltaic to a braid-plain environment. Towards the top ,
the Vardal Sandstone Member is dominated by high-energy (wave-dominated) shallow-mar ine
depos its , and a widening of the basin is documented. The Ringsaker Quartzite Member of the
Vanqsas Formation reflects the mature stages in this shallow -marine (epicontinental) sedimentati 
on phase. Proximal (south) to distal (north) relationships can be demonstrated throughout the
sequence.

Tom Dreyer, Norsk Hydro Research Centre , Postbox 4313, 5028 NygArdstangen, Bergen, Norway.

Introduction
The Sparagmite region in southeastern Nor
way (Fig. 1) consists of sediments belonging

to the Upper Proterozoic / Lower Cambrian
Hedmark Group (Table 1). For more than a
century the information obtained from these
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Fig. 1. a) Geological setting of the study area in the SW corner of the Sparag mite region in southern Norway.
b) Map of the main study area (cross-hatched) and its surroundings.
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AGE (m.a.) FORMATION THICKNESS (m)

CAMBRIAN VANGSAS RINGSAKER QTZ. MBR. 40-60
- -?570 - -

FM. . VARDAL SST. MBR. 200- 300

EKRE SHALE 20-50

Z MOELV TILLlTE 1-20

-c
(5 RING FORMATION 0-200
Z
W BIRI FORMATION 100>

BISKOp AsE N CONGLOMERATE 0-200

BIRI FORMATION (LOWER) 0-10

- - - - - - -
UPPER BRl2lTTUM FORMATION 2000 (min.)

RIPHEAN

Table 1. The stratigraphy of the Hedmark Group in the studied area.

rocks has been vital in deciphering the early
geolog ical history of the Baltoscand ian craton
(Kumpulainen & Nystuen 1985). This study
focuses on the sedimentolog ical development
of the two uppermost formations in the Hed
mark Group; the Ekre Shale and the Vanqsas
Formation (Fig. 2). These format ions were laid
down during the last depositional period in the
basin, from the end of the Varanger ian ice-age
(c.650 Ma ago) until Early Cambrian (? 570
Ma) time. It is important to note that the Vang
sas Formation , which was previously regarded
as entirely Precambrian (e.g. Vogt 1924), has
lately been shown to be part ly Cambrian in
age (e.g. Vidal 1985). The Cambrian-Precam
brian boundary is probably located beneath
the upper member (Table 1) of the Vanqsas
Formation (J.P. Nystuen, pers.comm. 1987).

A broad sedimentological outl ine of the for
mations in question has been given by Bjertyk
ke et al. (1 976) and Nystuen (1982). It is the
aim of this paper to descr ibe the depositional
history of these sediments in greater detail.
M.Sc. degree theses by Dreyer (1985) and
Hostad (1985) form the basis of this investiga
tion.

It is generally accepted that the Hedmark
Group accumulated in a failed-rift basin (the
Hedmark Basin) where , after a period of rapid
basin floor subsidence, pulses of tecton ic acti
vity alternated with periods of relative quies
cence. This resulted in the accumulation of a
diverse suite of fault-controlled, coarse , clas
'tic fan depos its and more 'stable-condition'
sediments (e.g. Nystuen 1982). By mid Vendi-

an times (Table 1) the tectonic activity in this
area had gradually ceased (Bjerlykke 1983,
Bockel ie & Nystuen 1985, Kumpulainen &
Nystuen 1985), and the youngest formations
in the Hedmark Group may thus be regarded
as depos its formed during the last-stage in
filling phase of the now completely failed rift .

It is important to realize that the studied
formations occur in an allochthonous position
in the frontal part of the Oserr-Rea Nappe
Complex (e.g. Nystuen 1981, Morley 1986;
Fig. 1A). The studied area is conta ined within
a major duplex (Morley op.cit.; see his Fig.
5), where the sequence is broken up into hin
terland-dipping imbricate units. This naturally
puts serious constra ints on the detailed investi
gation of lateral sedimentological develop
ment. Comparisons of vertical sequences in
different parts of the study area have thus
been emphasized. The exact distance of thrus
til19 of the frontal part of the Osen-Hea nappe
complex is still not fully agreed upon (Skje
seth 1963, Nystuen 1981, 1982, Bj0r lykke
1983, Hossack et al. 1985; see review of dis
cussions in Morley 1986). Most workers, howe
ver, favour thrust-distances of 130-200 km
from a pos ition NNW of where the rocks are
now situated . Morley (1986) estimated the
thrust-d istance to 135 km by balanced cross
sections and a minimum of 130 km from palins
pastic restoration. As will be evident from the
following , the results of this study do not con
flict with such estimates.

Since the Hedmark Basin is now in an alloch
thonous posit ion, it is obvious that its present-
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Fig. 2. Vendian to Lower Cambrian strat igrap hy in the studied area (Fig. 1). with a summary curye.for the variations in water
depth (transgressions and regress ions) thro ugh time. Symbo ls as In Figs. 5 and 11. Abbreviations refer to stratiqraph ic
subdivision (see text ).

day basin-marg ins do not correspond to the
orig inal ones . In this paper, focus will be pla
ced upon the or iginal western rift-basin mar
gin (Fig. 6). Thus, it must be emphasized that
all references to th is marg in herein are made
with regard to the pres ent-day expression of
this important feature, which during deposition
was located some 135 km to the NNW.

The Ekre Shale

Description
With in the studied area, this fine-gra ined unit
either conformably over lies the Moelv Tillite,
or forms the base of the Oserr-Raa Nappe
Complex (Fig. 2, Bjerlykke 1979). The Ekre
Shale is over lain by the Vardal Sandstone
Member of the Vanqsas Format ion (see Fig.
3 and below). The formation has been Rb
dated by Welin (in Rankama 1973) to 612 ±
18 Ma, wh ich presumably is a minimum age
in view of the age of the subjacent Moelv Tilli
te (ea. 650 Ma).

The Ekre Shale can be divided into an up
per and a lower part (Fig. 3), based mainly
on colour variation. Except for thickness the
unit is uniformly developed throughout the
study area (see below). It is mostly a parallel
laminated to massive silty mudstone, with
minor amounts of sand intercalations. The
massive nature is best developed near the
base of the formation. The laminations are
caused by slight gra in-size variations or subt 
le colour changes . All laminae are on the
mm-scale . Sand interbeds ranging in thickness
from 2 mm to 3 cm also occur. Common for
all the sandy interbeds is a high lateral cont i
nuity (sand-sheets), though some may be ob
served to pinch out and reappear regu larly
when traced laterally (lenticular bedd ing). They
are mostly ungraded, and no internal structu
res have been preserved. Their bases and
tops are usually sharp and planar; eros ional
features were only observed in the upper
Ekre Shale at the most proximal exposure
(Fig. 3).

Carefu l stud ies of the laminations revealed
the following features:
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s Fig. 3. Logs throug h the Ekre Shale at
two localities north of the mouth of the
Brastad river (Fig. 6). Note the different
thickness relationships and Ekre-Vardal
contacts. Field studies indicated the
presence of a major thrust ramp betwe
en these exposures .
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1) The clay thickness is always greater than
the silVfine-grained sand thickness, especi
ally in the lower half of the Ekre Shale.

2) There is no regularity to the thickness of
either the silty or the clayey laminae.

3) The frequency and thickness of silty and
sandy laminae increase stratigraphically
upwards.

4) The boundaries between the two laminae
types are sharp and planar.

5) The coarsest laminae are light to red in
colour, while the finest laminae are usually
green.

6) No grading within the laminae has been
observed.

7) The laminae do not form well-defined coup
lets, but are best described as a fine-grained
groundmass with randomly interspersed
coarser layers.

The transition from the lower Ekre Shale
into the thinner upper Ekre Share (Fig. 3) is
mainly a change in colour. Over a thin transition
zone the greenish colour of the lower part gives
way to the reddish colour which characterizes
the upper part. However, a slight coarsening
upwards also takes place over this transition
zone (silty mud to muddy silt).

Although the distance between the southern
most and northernmost Ekre Shale exposures
in the Mj0sa district is less than 15 km, the
thickness of this unit varies considerably over
this area (6 m just north of the mouth of the
Brastad river, 23 m only slightly further north,
and 40 m at l.undeheqda). Apart from this
thickness variation and the slightly coarser
grain-size in the south, the sedimentological
characteristics of the Ekre Shale remain uni
form throughout the study area. However, the
Ekre-Vardal transition is differently developed
in the two exposure types (Fig. 3). In the
southern (from now on referred to as proximal)
exposure, the lower Vardal Sandstone Member
erodes into the shale, while in the northern
(hereafter termed distal) exposures, the transi
tion is a very gradual coarsening upwards (Fig.
4). Finally, it should be noted that phosphorite
bands have been found in the westernmost
Ekre Shale outcrops (Bj0rlykke 1979). Field
studies indicate that the thickness of the Ekre
Shale decreases to zero when approaching the
western basin-margin line in Fig. 6.

Interpretation
It is assumed that the Ekre Shale, which al
most exclusively consists of fine-grained mate
rial, accumulated under low-energy conditions.
A basinal (probably marine) setting is sugge
sted for this unit, based on the gradational
contacts to underlying marine shales (belon
ging to the Moelv TiIIite, Nystuen 1976) and
overlying marginal marine deposits of the lo
wer Vardal Sandstone Member (distal ex
posures, see later). The onlap to the south,
the presence of phosphorite bands, and the
absence of traction-formed structures also
indicate a low-energy marine depositional set
ting. Other factors, such as the uniform deve
lopment, the great lateral continuity of beds
and laminae, and the absence of any erosio
nal features, also support this interpretation.

The coarsening, both stratigraphically up
wards and to the south, suggests an overall
northward progradation of the depositional
system. The most obvious indication of this
is the presence of delta front and delta plain
deposits directly on the top of this basinal
marine (?) shale unit (see below). In accordan
ce with Nystuen (1982) I believe that the Ekre
Shale may have accumulated as prodeltadepo
sits in relatively deep, quiet water during and
after the post-Varangerian transgression. The
western basin margin seems to have been
largely inactive, as witnessed by the drastic
thinning of the Ekre Shale in this direction.

The proximal-distal relationships displayed
in the southernmost and more northerly ex
posures (Fig. 3) may be explained by different
positions in the nappe hierarchy. Bj0rlykke
(1979) and Morley (1986) illustrated the comp
lex thrust-sheet relationships in this region,
and as mentioned in the caption to Fig. 3,
my own field studies indicate the presence of
a major thrust ramp just north of the 'proxi
mal' exposure. Thus, it might be argued that
the great sedimentological changes over short
present-day distances are due to superimposi
tion of two sequences which originally were
far apart. In this context, the sediments in the
proximal exposure have been thrusted the
shortest distance. The thinness of the Ekre
Shale and its erosional upper boundary in
this exposure may be due to southward on
lapping, erosion by overlying fluvial channels
(see below and Fig. 11 A), and a lower accomo
dation-potential (Posamentier & Vail, 1987)
toward the southerly source area.

In earlier literature, the genetic term varve
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The Vanqsas Formation

Sandstone Member and the Ringsaker Quart
zite Member. This subdivision was originally
erected on petrological evidence (Vogt 1924),
based on a gradual upward decrease in feld
spar content. In this study, however, a more
refined subdivision is suggested. It has been
discovered that the formation contains four
facies associations which show considerable
differences both in macroscopic and microsco
pic sedimentary characteristics (see below and
Figs. 4, 5, 6 and 13). Based on feldspar content
only (QfF-ratio in Fig. 4), it is difficult to locate
accurately the boundary between the Vardal
Sandstone Member and Ringsaker Quartzite
Members. The Q/F-ratio increases in two ·cyc
les', corresponding to the upper Vardal Sands
tone Member and the Ringsaker Quartzite
Member. Comparison between the vertical
facies sequence documented here and the
positioning of the Vardal-Ringsaker boundary
in earlier publications shows that this boundary
usually has been placed above a level corre
sponding to the upper 'feldspar-peak' in the
upper Vardal Sandstone Member (Fig. 4) (e.g.
Vogt 1924, Skjeseth 1963, l0berg 1970, Bjer
Iykke 1979). With this in mind, I suggest that
the boundary should be placed at the abrupt
upper transition from facies association S to
facies association R (Fig. 4). In the studied
area, this transition is everywhere marked by
the change from subhorizontally laminated
well-sorted sandstones to alternating thin
sandstones and shales. A 2 m thick shale bed
forms the base of facies association R in some
areas (e.g. Dalsjordet near Gj0vik). This boun
dary is I<.ept informal, since it has as yet not
been documented elsewhere in the Sparagmite
Region. The Vardal Sandstone Member is (in
formally) divided into three parts (Figs. 4 and
6). The boundary between the lower and middle
parts is placed above the uppermost distinct
coarsening upwards sequence in the member.
The boundary between the middle and upper
parts is placed where grey, lenticular cross
bedded sandstones are replaced vertically by
a sequence of white, sheet-like and mostly
structureless sandstones.

Facies association P: 5-50 m thick
coarsening upwards sequences
Description
This facies association consists of laterally
continuous shale and sandstone beds, in inter
vals of variable thickness (5-50 m,.Fig.5). A

has been applied to the fine-grained couplets
of the El<.re Shale (e.g. l0berg 1970, Englund
1973, Bj0rlykke et al. 1976). Investigations of
laminations in this study, however, have not
been able to confirm the existence of such
annual winter/summer (seasonal) couplets wit
hin the present study area.

Fig. 4. Diagram showing textural and mineralogical variations
in the VangsAs Formation. The stratigraphic subdivisions
shown here are those proposed for the studied area.
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General
This formation is the youngest one in the
Hedmark Group (Table 1). It is a 150-350 m
thick, mainly coarse-grained unit which every
where is superseded by fossiliferous 'Holmia
stage' shales and thinly bedded sandstones
of probable shelf-origin.

The formation has traditionally been sub
divided into two members (Fig. 2), the Vardal
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RINGSAKER QUARTZITE MBR.

Fig. 5. Vertical log through the Vardal Sandstone Member,
incorporating data mainly from the Br~stad/Sku lhu s areas.
The four facies associations in the Vardal Sandstone
Member are shown.

well-defined coarsening upwards is usually
seen.

Most commonly , thin (5- 15 cm), parallel
laminated and wave- or current-rippled beds
occur , the grain-size of these changing up
wards from silt to medium-grained sand. A few
cm-thick, normally graded massive beds of
coarse-gra ined sand erode into the CU-inter
vals. Near the boundar ies to facies association
o (Fig. 5), beds containing subhor izonta l lami
nation and low-angle cross -bedding dominate.
Concentrat ions of heavy minerals in laminae
exhibiting normal density grading and inverse
size grading are quite common here. The
degree of rounding and sorting is improved in
these somewhat coarser sediments (Fig. 4),
and the bed thickness is 20-30 cm.

Facies association 0 intervals always seem
to erode into facies association P. The reverse
trans itions (0 to P) are usually sharp (fine
grained sand resting upon very coarse-grained
sand). However, in a few cases gradat ional
contacts have been found, displaying fining
upwards throughout a few meters of subhor i
zontally laminated sand. Ripples and cross
beds mostly have foresets dipping to the north ,
but some low-angle cross-bedding associated
with the subhorizontal lamination may dip
southwards. Regionally, the sequence beco
mes more shaly to the north , where wave
rippled silt and very fine sand (often in lenticu
lar bedding) dominate. To the south , facies
association P intervals become thinner, more
coarse-grained, and are subordinate to facies
association 0 in the lower Vardal Sandstone
Member (e.g. Skonhovd , Fig. 6).

300
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Interpretation
This facies associat ion is thought to represent
delta-front deposits . The main indicators of
this are the coarsening-upward character, the
abundance of wave and current ripples , the
interbedd ing with beds of fluvial origin (facies
associat ion 0 , see below), and the presence
of laterally cont inuous beds conta ining sub
horizontal lamination with heavy-mineral en
richments. This latter feature can be related to
beach processes (see facies S4).

The upper parts of the CU units probably
formed in shallow-wate r parts of the deltaic
system, where waves and wave-induced cur-

rents reworked and redistr ibuted sand along
the shoreline.

The lower parts of the CU sequences are
thought to conta in more distal delta-front sedi
ments that were formed by suspens ion fallout
in an area influenced by symmetrical wave
orbital motions (deeper water or protected
bays).

The gradual transition from the brack ish
(?)marine Ekre Shale, and the scarcity of ero
ding high-energy events also support a marine
origin for facies association P. The dominant
northwa rd dip of ripple-lam ination and cross
bedding indicates transport to the north . The
reversals seen near the top of some CU units
may reflect shoaling waves which drive sand
back towards the shore (e.g. Clifton et al.
1971). Progradation to the north is also indica-
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Faciesass. Vertical occurrence Facies Main characteristics Depositionsl environment

P: 5-50 m
thick CU
sequences

Lower part of Vardal Sst.
Mbr.

No sub
division

Cu-intervals, wave-ripples.
subhor. lamination, thins sour
cewards, laterally continuous
beds, medium to fine grained
sand.

Deposits of a prograding
distal to prox imal delta front.

Infills of proximal channels,
andlo r longitudinal bars.

Erosively based conglomera
tic beds, dominant source
wards (south), ordered fabric,
mostly massive, normal gra
ding.

Erosively based poorly sorted
sandbeds. Crossbedded, rip
up clasts, lenticular, usually
30-60 cm thick. Unidirectional
XB-dip.

Finer grained, mostly flat
based sandbeds . Normal gra
ding, parattet-tam.rcurrent
ripples. Usually 10.25 cm
thick.

Q l

Q2

Q3

B
R

f-- --+-- - - - -------lAf---------1
I Interlock ing channel-fills,
o dominated by migrating
16 dunes and sandwaves .

f-- --+--- - -------1S1- - - - - - - - -1T
R Sheetfloods/ephemeral
E stream depos its. Distal end
lA member.

11<
S

Common in lower to middle
parts of the Vardal Sst.
Mbr., rare in upper Vardal
Sst. Mbr.

Q: Lenticu
lar coarse
grained
sandbodies
with fine
grained in
terbeds.

Q4 Very thin and discontinuous
shaly beds, micaceous, cur
rent ripples.

Floodplain/abandoned
channel fines.

R. Thinly
bedded
sandstones
with fine
grained in
terbeds.

Near the base of upper
Vardal Sandstone Mbr. and
at the base of Ringsaker
Qtz.Mbr.

No sub
divisi
on.

Overall CU. Heterogenous
appearance. Wave-ripples at
bedtops, undulating laminati
on near some bed bases.
Pinch-and-swell beds. Shale
drapes. Variable grain size
and bed continu ity. Beds often
massive, sometimes graded.

Distal parts of shallow
marine system (mainly lower
shoreface). Storm genera
ted sandbeds.

S: Cross
strat ified,
sub-hori
zontally
laminated
or massive
coarse
grained
quartz
sandsto
nes.

At the base and in upper 2/3
of upper Vardal Sst. Mbr.
Forming most (upper 5/6)
of the ringsaker Quartz ite
Mbr.

Sl

S2

S3

Mostly white, massive beds.
Amalgamated. Some dishes &
pillars. Transgressive lag at
base. Negative skewness.

Sandbeds of high lateral conti
nuity. containing pebbly fore
sets, pebble stringers & pebb
ly scour pockets.

Mature quartz ite, laterally
continuous sandbeds. Multi
dir. XB. Small-scale cyclicity
(Fig. 22). Mostly flat bases.

"Transgressive' depos its
formed by fluvial discharge
into a "rising' sea (reworking
of minor lobes).

Storm-dominated shallow
marine beds deposited bet
ween outer breaker zone &
lower snoretace.

Longshore bars & troughs,
rip channels (upper shorefa
ce),

S4 Very mature quartz ite. Sub
hor. lamination. Heavy mine
rals. Capping the sequences.

Beach face.

Table 2. Facies associations, facies and their character istics in the Vanqsas Formation.

ted by the presence of thinner, coarser and
more ill-defined facies association P-intervals
in the south. In the 'proximal' southern ex
posure, this facies association has apparently
pinched out. The cause of the cyclic alterna
tions between facies associations P and Q will
be trated in the section on basin evolut ion,

Facies association Q: Lenticular coar
se-grained sand bodies with thin fine
grained interbeds. Description
General
This facies association constitutes all of the
middle Vardal Sandstone Member, 25-75%
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Fig. 6. Distribution of facies associations p. Q . Rand S
(Vardal Sandstone Member) within the study area. The
NNW-trending line indicates the suggested post-thrust
position of the ancient western margin of the rift-basin (see
introduction). In the vertical column, 7 mm equals 100 m
of sediments.

of the lower Vardal Sandstone Member (most
prominent in the south), and 5-10% of the
upper Vardal Sandstone Member. It can be
subdivided into four facies (Table 2). Facies
01 , 02 and 03 may collectively be referred to
as the coarse member, while facies 04 may
be termed the fine member. Note that this
facies association contains 98% coarse mem
ber beds. These beds are poor ly to moderately
sorted , as well as textura lly and mineralog ically
immature (Fig. 4). The sort ing is poorest and
the beds coarsest and most feldspar/rock frag
ment-rich towards the south . Beds vary in
average thickness from 3 m (southern parts)
to 25 cm (extreme north or west). Usually they
are vertically stacked (mutually erosive , Fig.
7), though in some cases discont inuous fine
member beds are present in between. Someti
mes the lower bounding surfaces may be
strewn with mud rip-up clasts , or rarely , well
rounded quartz pebbles .

Fig. 7. View (normal to paleoflow direct ion) of a 10 m high
section through the coarse member beds in facies assoc iati
on Q . Note the erosional lower bases, and the lenticularity
of the beds. From the BrAstad river.
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Fig. 8. The Vardal conglomerate
(facies a 1), exposed near
Mrehlum, map-sheet "Gjevik'.
Note the mostly clast-supportsd
nature of the conglomerates,
and the alternations with cross
bedded to massive coarse-grai
ned sand (facies a 2).

Facies 01 : Conglomeratic beds (Fig. 8)
These beds dominate in the south , especially
at Skonhovd and Hov (Fig. 6, the "Vardal
cong lomerate' of Skjeseth , 1963). Sandstone
interbeds between the conglomerates become
more numerous northwards. The conglomera-

tes occur in erosively based lenticular bodies
with a maximum clast size of about 10 cm, but
all clast sizes between this and coarse-grained
sand seem to be present. The conglomeratic
beds appear to be of the ordered fabric type
(Steel & Thompson, 1983). They are usually

Fig. 9. Deformed tabular cross-bed (facies a 2). Note also the presence of a dark, lenticular fine member bed (facies Q 4),
and the unidirectional dip of the cross-bedding. The vert ical distance from bottom to top in this picture is 2.20 m. From the
Skulhus locality.
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clast-supported. The clasts are commonly
imbricated, with the intermediate axis plunging
towards the south or southeast. Most conglo
meratic beds are massive, but crude horizontal
stratification can sometimes be seen (Fig. 8).
Coarse-tail normal grading is common in these
beds. The amount of sandy matrix rarely ex
ceeds20%.

Facies 02: Poorly sorted cross-bedded sand
stones (Fig. 9)
The sandstone beds have grain-sizes varying
from fine- to very coarse-grained. They' are
commonly arranged in thickening and thinning
sequences some five to fifteen metres thick,
generally accompanied by subtle coarsening
and fining trends in grain size (usually in the
form of CU-FU or FU-CU sequences). Internal
ly, the interdigitating network of lenticular beds
are rich in sedimentary structures. Medium- to
large-scale trough and tabular cross-bedding
(Fig. 10) dominates, especially in proximal
(southern) to middle areas (e.g. Skulhus secti
on, Fig. 6). The cross-beds are usually of the
high-angle type, with dips towards north and
northwest (Iow paleocurrent spread). The lar
gest ones (50 cm-1.20 m thick) commonly
exhibit variation in grain size from foreset to
foreset. Parallel-laminated and massive inter
vals also occur, and current ripples are present
near the top of some beds. Detailed logs
through this facies are given in Fig. 11 (A and
B).

Facies 03: Fine- to medium-grained thinly
bedded sandstones (Fig. 10)
These beds become increasingly more com
mon northwards, and dominate in the Bratteng
section (Fig. 10). The beds are characterized
by their thin-bedded nature. Other distinctive
features are the low-relief basal contacts, the
ubiquituous normal grading, the common paral
lel-lamination to ripple-transitions, and the
increased amount of fine-grained interbeds.

Facies 04: Shaly interbeds
These occur as very thin (usually between 3
mm - 3 cm) intercalations between the coarse
member beds. The shale beds can rarely be
traced laterally for more than a few metres (a
maximum extent of 100 m has been observed).
They are dark-coloured, and locally mica-!ich.

M
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Fig. 10. Detailed log through facies a 3, Vardal Sandstone
Member. Locality: Bratteng, about 3 km north of Redalen
(map-sheet"Gj0vik'). See text for discussion.

Som lenses of fine-grained current-rippled
sand occur in the thicker interbeds.

Lateral and vertical relationships
Fig. 12 summarizes the salient features of
large-scale lateral variability in this facies asso
ciation.

Regarding the vertical sequences, a remar
kable uniformity is present within any single
exposure. The implications of this will be dis
cussed below.
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Fig. 11. Detailed logs from various sedimentary sequences in the Vardal Sandstone.
A) The erosive transition between the Ekre Shale and the Vardal sandstone at the southern outcrop by lake Mj0sa. The
sediments are interpreted as interdistributary bay deposits (fine-grained parts) and delta plain channel deposits (facies C
2). B) Stacked braided channels with evidence of fluctuating discharge (Skulhus section, facies association C). C) Lower
half of storm-bed assemblage, facies association R, upper Vardal Sandstone Member at Skulhus.
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Facies association Q: Interpretations
General
It has been suggested by previous workers in
the Sparagmite Region that sediments corre
sponding to facies association Q of the Vardal
sandstone accumulated in proximal to distal
alluvial fans (easternmost Sparagmite area) or
in a fluvial setting (Bjerlykke et al. 1976, Bjerlyk
ke 1979, Nystuen 1982). The data presented
here seem to conform well to such an overall
fluviallalluvial fan-depositional model.

Many of the observed features indicate
deposition by northward-flowing unidirectional
currents in a subaerial setting:
1) Low divergence of paleocurrent data.
2) Textural and mineralogical immaturity (Fig.

4).
3) Well-developed lateral fining and thinning

trends away from an inferred southern
source area.

4) An assemblage of sedimentary structures
that indicates varations in discharge and
depth of flow through time.

5) Closely spaced erosional surfaces.
6) Lenticular sedimentary bodies.
7) Coarse-grained nature of the deposit.
8) Absence of any clear marine or aeolian

indicators.
The mutually cross-cutting sand-bodies with

mostly random structural and grain-size variati
ons are thought to represent channel deposits.
These are dominated by unidirectional (north
wards-dipping) medium-scale trough or tabular
cross-bedding, indicating deposition in an
ancient fluvial system containing a complicated
network of braided channels. In these deposi
tional tracts, a fluctuating discharge regime
produced repeated CU and FU cycles as well
as the downcurrent migration of various types
and scales of bedforms. A comparison with
similar modern. and ancient fluvial deposits
strongly suggests a braidplain setting for these
sediments, perharps with a transition to alluvial
fan at the proximal (southern) end (Harms et
al. 1982,MiaIl1977, Williams 1971).Long (1978)
showed that an overwhelmingly large part of
Precambrian fluvial systems were braided in
nature.

FaciesQ1
In the proximal end of the spectrum, the coarse
member beds consist mainly of ordered-fabric
conglomerates. This facies type is thought to
represent waterlain, multistorey longitudinal
bar accumulations and conglomeratic channel-

fill deposits (e.g. Nemec & Muszynski 1983,
MiaIl1977). This is indicated by the elongation
of these sedimentary bodies parallel to the
transport direction, and by their lenticular
shape in a direction normal to this. Further, the
many erosion surfaces, the upstream-dipping
imbrication, the crude normal grading and the
diffuse stratification or massive clast-suppor
ted appearance strengthen this theory. The
alternation between conglomerates and sands
tones is characteristic of proximal braided ri
vers with a "flashy' discharge. The detailed
origin of longitudinal bars has been reviewed
by Miall (1977)and Hein& Walker (1977).

FaciesQ2
These broadly lenticular erosive beds reflect
deposition in the channelized parts of the
braided stream system. The largest tabular
cross-beds with rapid grain-size variations on
foresets are interpreted as transverse bars
(e.g. Smith 1972). The ubiquituous smaller
cross-beds probably represent migrating du
nes and sandwaves (Harms et al. 1982).Where
fining-upwards is seen, this may be related to
waning flow-power. Coarsening-upwards inter
vals might indicate increasing flow-power
through time, or the migration of in-channel
bars.

FaciesQ3
The erosively based, thin-bedded, parallel
laminated to rippled sandstones found in the
northern parts of the study area (Fig. 10) are
interpreted as the distal end-member of this
braided system. These deposits are so striking
ly similar to the sheet-flood and ephemeral
flow-deposits of Tunbrigde (1982) and McKee
et al. (1967)that a similar origin must be envisa
ged here. The normal grading, sheet-like bed
geometry and parallel lamination to ripple tran
sitions suggest deposition from non-channeli
zed flows which experienced a quick loss of
energy. The fine-grained interbeds and drapes
probably represent suspension fallout between
floods (see below).

Facies Q4
The discontinuous nature of these fine mem
ber beds, together with their structural assem
blage and infrequent occurrence between lenti
cular sand-bodies, suggest that they accumula
ted in abandoned channel reaches, floodplain
ponds or simply as overbank material in inter
channel areas (e.g. Williams 1971, Cant &
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Fig. 12. Lateral variations in facies association a fluvial sandbodies. The terms proximal and distal refer to the positions
of these exposures (types) relative to each other and not to the entire basin.

Walker 1976). The scarcity of these interbeds
may indicate a lack of fine-grained material
(insufficient weathering in the source area?)
or a low preservation potential for these depo
sits, or probably both. Their discontinuous
nature may also have two causes; first, they
may have accumulated in a laterally restricted
area (ponds on floodplains, abandoned chan
nels), or second, they may have been subjec
ted to erosion during the next channelized
sedimentation episode.

Interpretation of lateral and vertical trends
The lateral trends described earlier (Fig. 12)
indicate that the source area for these sedl
ments lay to the south. The transition from
proximal (conglomeratic, facies 01) braided
stream sediments, via braidplain sediments

(facies 02) into sheetflood deposits (facies 03)
suggests a quite rapid reduction of slope to
the north. The system became systematically
less channelized as flow-power diminished
distally. As can be seen from Fig. 6, facies
association 0 is absent from the areas west
of the "rift-margin' line (see Introduction and
Basin evolution).

As mentioned, most facies association 0
intervals exhibit a uniform vertical develop
ment, contrasting with their notable lateral
variability. Together, the vertical and lateral
relationships reflect vertical stacking in facies
belts which for long periods appear to have
been in a more or less fixed position with
respect to the source area. This requires some
kind of rong-term equilibrium between sediment
supply, subsidenceand sea-levelchanges.
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~ig . 13. L?9 through the Ringsaker Quartzite Member, from Dalsjordet (north of Gj0vik, Fig. 1). See text and Fig. 21 for
mterpretanons of the complex structural assemblages, and Fig. 11 for symbols.

Facies association R: Thinly bedded
sandstones with fine-grained inter
beds. Description
This facies association occurs in two separate
intervals, one near the base of the upper
Vardal Sandstone (Figs. 5 and 11 C), the other
at the base of the Ringsaker Quartzite Member
(Fig. 13). Both intervals are present over most
of the studied area (Fig. 6). An overall coarse
ning-upwards is evident in both intervals, facili
tated by the disappearance of shaly interbeds
and an increase in pebbly material. The sands
tone beds are between 5 and 40 cm thick, and
are commonly amalgamated. The grain size
ranges from fine-grained sand (very rare) to

granules, with coarse-grained sand being most
common. The sand-beds have low-relief ero
sional bases. The structureless to symmetrical
ly rippled muddy or silty interbeds are rarely
more than 3 cm thick , but near the base of the
Ringsaker Quartzite these interbeds become
thicker and more numerous. The maximum
thickness of shale here is 2 m. The interbeds
commonly drape the topography of underlying
sand beds (Fig. 14).

Three types of sand-beds can be recognized.
Lowest in the facies association, beds with
parallel or gently undulating lamination in
mostly medium-grained sand (Fig. 11 C) are
numerous. In some cases, these beds have a
top of fine-grained, wave- or current-rippled
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Fig. 14. Section throug beds
of tacies association R present
in the upper Vardal Sandstone
Member at Skulhus. ote the
two pinch-and-swell beds (one
by the 30 cm-long hammer). the
shale-drapes above these (con
forming to their shape). the
gently undulating lamination in
other beds (see inked line). and
the mainly symmetrical ripples
in some of the interbeds.

sand. The undulations only occur in the basal
part of these beds . which otherw ise appear to
be massive. They resemb le the undulating
para llel laminations described by Duke (1983).

Another bed type . normally occ urr ing slightly
higher in the association. conta ins coars e
grained sand with a strongly undu lating (pinch
and-swe ll) upper surface and a nearly flat
eros ive base (Fig. 14). These beds lack visible
internal structures. Outcrop studies indicate
that the pinches-and-swells are 3-d imensional
in shape. and that their "topography' is always
covered by a shale drape . Dips on the flanks
of ridges may reach 20°. The third bed type
is the most coarse-grained (containing some
pebb les), and dominates in the upper half of
facies assoc iation R. These beds are ungrad ed.
massive or diffu sely paralle l-laminated. and
have notab le ero sional features at their base.

The beds of facies assoc iation R disp lay a
latera l cont inuity that varies from 25 m to more
than 200 m in all direct ions .

Facies association 5: Cross -stratified,
subhorizon tally laminated or massive
coarse-grained quartz sandstones.
Description
Genera l
This facies association compr ises most of the
Ringsaker Quartz ite and upper Vardal Sandsto-

Fig. 15. Bed in facies 5 1. at Skulhus. displaying dishes and
pillars. The dark material outlining the dishes is clay/silt.
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Fig. 16. Thin pebble-stringers in
laterally continuous beds (facies
S2). Note well-segregated and
sheet-like nature of these thin
stringers . From the Skulhus
section.
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ne Members (Figs 5 and 13). The relationships
to surrounding facies assoc iations can be seen
from these figures. The amount of fines in this
facies assoc iation is remarkably low, about 1%
(grey, laterally continuous shale beds). The
facies assoc iation is divided into four facies
(Table 2). Common to all of these are lateral
bed continuity, dominance of quartz grains , a
fairly consta nt bed thickness (usually 30-50
cm, maximum 2 m), a decrease in mean grain
size northwards, and sharp bed boundaries
which usually lack eros ional relief .

Facies S 1: White, mos tly massive beds (Fig. 15)
This facies is only present at the base of the
upper Vardal Sandsto ne Member (Figs. 2 and
5), where it overlies facies assoc iation Q. At
the base, a 3 cm-thick laterally persistent layer
of conglomeratic clasts is present. Another
lag-depos it (15 cm thick) occurs in the middle
of this facies. In western parts of the study
area, where the lower and middle parts of the
Vardal Sandstone Member are absent , this
facies forms the base of the Osen-Rea Nappe
Complex (Fig. 2). Individual beds are sheet-l ike
with low-relief eros ional bases , and their thick
ne ss varies from 50 cm to 2 m . In the fie ld.
their clean white appearance makes them into
something of a marker horizon. Internal struc
tures are scarce in these very coarse-grained
beds, although well-defined dish- and pillar
structures (Fig. 15) and some subhor izontal
lamination occasionally disturb their monoto
nous massiveness. The white colour is mostly

due to calcite dementation and light-co loured
grains of quartz and plagioclase feldspar .

Well-rounded, 1-3 cm large, vein-quartz
fragments have been observed floating in a
sandy matrix in several facies S1 beds. Textu
rally , the white massive beds are distinctly
negatively skewed (Fig. 4).

Facies 52: Pebbly beds (Fig. 16)
This facies over lies facies assoc iation R with
a gradational contact in both the upper Vardal
Sandstone Member and the Ringsaker Quart
zite Member , the former occurrence being the
most notable (e.g. Skulhus section , Fig. 6,
where these beds are 20 m thick). The pebbles
(mostly vein quartz) sit in beds of mostly
medium-grained sandstone. A distinct vertical
structural sequence is seen in these beds (Fig.
20). Lowest in this facies, well-rounded pebbles
form 1-layer thick bands that have a wide late
ral extent (pebble stringers, Fig. 16). These
stringers lack signs of basal erosion , and stand
out from the sand beds in which they lie.
Vert ically, they are replaced by pebble-filled
scour -pockets which erode into the stringers
(Fig. 20). The pebbles are densely packed and
form a massive fabric. The scours are 10 -25
cm deep and asymmetrically spoon-shaped.
Stratigraphically upwards, these scours are
overlain by low-angle tangential cross-beds in
which pebbles and coarse to very coarse
grained sand alternate on the foresets . In
several cases cross-beds can be seen to merge
laterally into parallel-laminated or massive
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Fig. 17. Large-sca le tabular
cross-bedding (facies S3. Ring
saker quartz ite). overlain and
eroded by parallel-laminated
coarse-gra ined sand. Note the
high angle 01 lore set dip (to
wards the north , allowing for
tectonic tilt). planar lore set ba
se. and lack 01 reactivation sur
faces. From the Dalsjordet
road-cut.

sand. These beds usually have a southward
dip.

Facies 53: Quartzites with multidirectional
cross-bedding (Fig. 17)
These texturally and mineralogically matur e
beds dominate in the Ringsaker Quartz ite
Member (Fig . 13) . b u t play a subordinate ro le

to facies S4 in the upper Varda l Sandstone
Member. The most common sedimentary struc 
ture is that of eosets of multidirect ional, low
to medium-an gle cross-bedding. Trough
cross-bedding is slightly more common than
small- to medium-scale tabu lar cross-bedding.
The height of these cross-beds usually varies
from 10 to 20 cm, and as can be seen from
the paleocu rrent summary (Fig. 18), sand trans
port was mult idirection al, altho ugh the domi
nant flow was tow ards N to NE or W to SW.
In extreme cases, five to ten success ive beds
may display almost as many different foreset
migration directions.

Though volumetrically much less important,
large-scale high- to medium-angle tabular
cross-beds (Fig. 17) are perh aps the most
dist inct ive single feature of this facies. These
cross-beds have mostly planar bases, and are
usually present as simple sets. They may be
up to 1.1 m in height , though 50 cm is a more
common figure. Along an E-W trend the cross 
beds may cont inue for more than 100 m. E-W

trending cross-beds are normally smaller than
ones with N-S trends and may occur as supe
rimposed tabular sets. The large-scale, high
angle cross-beds are common ly mixed with
smaller cross -beds or parallel-laminated beds.

Beds with erosional lower bed boundaries
are a rare but conspicuous feature of facies
8 3 . These beds contain mostly massive. coar

se- to very coarse-grained sand, sometimes
with a pebbly bottom layer. In the upper parts
of these beds , trough and tabular cross-beds
with mostly northward dips are prese nt. These
quartzite beds may be over 1 m thick, and are
lenticular along an E-W trend. A fining-upward
tendency is seen in most of these beds .

Facies 54 : 5ubhorizon tally laminated quart
zites (Fig. 19)
Beds in this facies display the highest textural
and mineralogical matur ity, and the highest
lateral continu ity, of all beds in the Vanqsas
Formation (Fig. 4). They cap both the upper
Varda l Sandstone and Ringsaker Quartz ite
Membe rs (Figs 5 and 13). In the upper Vardal
Sandstone Member, 5- 15 m-thick intervals
conta ining beds of facies association Q occur
intermixed with these mature beds (Fig. 20).
The subhorizonta lly laminated beds (Fig. 19)
dip at very low angles (2-5°) towards the north .
The laminat ions are defined either by alterna
ting layers of varying grain size, by alternat ing
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Fig. 18. Paleocurrent rose diagrams for various intervals of the Ringsaker Quartz ite Member in the eastern . middle and
western parts of the study area. The data are plotted at 30° intervals . The arrow indicates the vecto r mean (which has little
meaning for these beds. Dreyer 1985).
The black areas represent trough cross-bedding and the cross-hatched areas tabu lar cross-be dding. Both cross-be dding
and rib-and-furrow structures were measured.

lighter and darker layers , or by a combination
of the two . As shown in Fig. 19, these laminae
display inverse size grading, whereas the
dens ity grading is norma l (Clifton 1969). At the
top of the Ringsaker Quartz ite Member, beds
of this facies are capped by a 2-20 cm-th ick
pebbly lag-deposit, before "Holmia-stage' sha
les take over . The upper few centimetres of
this lag-deposit are commonly phosphorite
cemented . Several smaller top-surface lags
occur within facies S4.

Facies association Rand S:
Interpretations
General
The Ringsake r Quartz ite Member has for a
long time been regarded as a shallow-marine

deposit (Vogt 1924, Skjeseth 1963, Bjerlykke
et al. 1976, Nystuen 1982). As yet, no convin
cing interpretation has been made of the depo 
sitional environment of the similar upper Vardal
Sandstone Member. Generally , these latter
beds have been grouped with the fluviodeltaic
middle and lower Vardal Sandstone Member,
but the poss ibility of marine influence has been
raised at least once (Bjertykke 1979, commen
ting upon phosphorite bands in these beds).
Results of the present study strongly suggest
that facies sequence Rand S beds in both the
upper Vardal Sandstone and the Ringsaker
Quartzite Members were deposited in a shal
low-marine setting. The main points of eviden
ce in favour of this are:
1) High lateral cont inuity of beds.
2) Dominance of planar bed boundar ies.
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Fig. 19. A) Field-sketch of fac ies
54 bed containing subhor izontal
lamination. formed in the swash
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the lamina, and the generally
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B) Detail of lamination. drawn
from observ ations with the pet
rographic microscope . Notice
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3) Mult imodal paleocurrents.
4) Mature mineralogy and high textural matu

rity , desp ite source rocks being rich in
unstable minerals.

5) Top-surface lags.
6) Marine trace foss ils and phosphorite bands

(Skjeseth 1963, Bjerlykke 1979).
7) Large areal extent of facies assoc iations .
8) Inverse grading (grainsize) and norma l

grad ing (density) within laminae.
9) Dominance of low-angle cross-bedding.

10) Scarc ity of channelling .

The total dominance of coarse-grained mate
ria! and the large areal extent of these mem
bers suggest deposition under high-energy
cond itions in an extensive shallow-marine sea.

Detailed discussions about how a latera lly
extensive marine sequence can become so
totally dominated by very coarse mater ial is
outside the scope of this paper. It should
however be pointed out that any model wh ich
seeks to explain this must incorporate proces
ses which enable either tides , waves , or wave
induced currents to keep the wate r-masses
agitated. Either this agitation pers isted "cons
tantly ' over large areas, or a mechan ism exi
sted which allowed quick back -and-forth swe-

eps of a high-energy zone (in both cases
preventing the sett ling of fines; see Gjelberg
et al. 1987). In the present case, waves and
wave-induced curren ts seem the most likely
candidates for prov iding the required energy ,
as no signs of tidal activity have been observed
(compare with DeRaaf & Boersma 1971, Ander
ton 1976 and John son 1978). All features of
facies associations R and S can in fact be
satisfactorily exp lained by consider ing a
storm-dominated barred near-shore system as
the depositional sett ing for these sediments
(Davidson -Arnott & Greenwood 1976, Hunter
et al. 1979, Shipp 1984, Greenwood & Mitt ler
1985).

The vert ical sequence of structural assem
blages, textura l variations and lithology types
(Figs. 5, 13 and 20) indicate that facies assoc ia
tions Rand S together form two major upward
shallowing near-shore marine cycles . The
lower cycle comprises the upper Varda l Sands
tone Membe r, whi le the upper cycle contains
the Ringsaker Quartzite Member. The faci es
will be interpreted according to this shallowing
trend, starting with the presumable most deep
water facies.

A summary of this shallowing is given in Fig,
20.
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PROGRADING SHALLOW MARINE SEQUENCE

STORM BEDS TYPE I:
Pinch- and -s weu bods and beds
wllh undulallng laminations .

LOWER SHOREFACE:
Pebble stringers

STORM BEDS TYPE 11:
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amalgamated coarse beds

SHOREFACE BARS:
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MIDDLE SHOREFACE:
Spoon-shaped pebbly scours

FORESHORE/ UPPER SHOREFACE:
Mature sand. extonslvely XBtMulti
diU mainly low lorosot dip anglos

(lEACH ZONE:
Subhorlzonlally laminated beds
(occ.X(l) inl req uenlly cui by
liuvlal channels.

tShale drape

~

..~" .'•• ~ '.; ~ .~ ~ . ~ :... .z:«:
" -.':.' ': ', ..-.
":~'.'. ~" : ~.~r·~.: ~~ ~:..:.....: ' : ~ ~:'
~ ~ .' ~ ~ ~.'.: ~~ ~.':.~~.:~,~~ ~ ~~ ~".:.•"

t . hall.., ( ..
~,

t

a forerunner of hummocky cross -strat ification
(Dott & Bourgeo is 1982). These latter bed types
are collectively called storm beds type I in Fig.
20.

[, Shallowing

Facies 51
These postulated marine beds are either direct
ly overlying the fluvial sediments of facies
association Q, or they form the base of the
Osen-Rea Nappe Complex in the west (fig.
2). The laterally cont inuous cong lomerat ic lags
at the base and in the middle of this facies
are thought to be winnowed depos its (Levell
1980) formed as the sea transgressed these
areas. The sheet-like, texturally mature and
negatively skewed nature of these beds imply
that they may represent near-shore (beach?)
depos its (see facies S4). This is supported

Fig. 20. Presentation of the main sedimentary characteristics
in a vertical sequence through tacies associations R and
S . Microenvironmental interpretations of this sequence (text
on figure) indicates an overall upwards shallowing (regressi
on).

Facies association R
Several factors indicate that the beds of this
facies association were depos ited in distal
parts of the shallow-marine, barred setting.
Briefly, these are: their basal position in the
overall prograd ing sequences (Fig. 20), the
increasing dominance of these beds away from
the inferred southern source area, and the
greater percentage of clay or silt interbeds in
this facies assoc iation compared to facies
association S. Further , the thinly bedded nature
and lower textura l and mineralogical maturity
of these beds, along with their higher frequency
of wave ripples and finer mean grain size,
support a more distal sett ing. The high percen
tage and frequent amalgamation of coarse
grained sand-beds convincingly demonstrate
that storm events dominated over fair-weather
processes, or at least that the deposits of these
high-energy events had by far the highest
preservat ion potent ial. The most likely depos i
tional agent for the facies sequence R sand
beds seems to have been storm-generated
surges or geostrophic currents (see reviews
in Dott & Bourgeois 1982, Swift & Rice 1984).
These currents carried material eroded from
the foreshore or upper shore face into deeper
water.

The three bed types mentioned in the de
scription are interpreted in terms of deposition
from waning storm-flows in progressively
deeper water. The massive and ungraded
coarsest-grained beds (Fig. 11 C) probably
formed in relatively shallow water by very quick
dumping of only the coarsest part of the load
(storm beds type 11, Fig. 20). Slightly more
offshore, the remaining coarsest fraction fell
out as internally massive but externally hum
mocky-shaped (pinch-and-swell) beds (Fig. 20,
lower drawing). Here, gravitational pull still
forced the released load to fall out more or
less as one thick "lamina', but since the water
particles near the bottom now approached a
more elliptical orb it, the depos iting sand was
moulded into the observed ridges and mounds.
Fair-weather (post-storm) mud beds were
preserved at this depth, draping the pinch-and
swell topogra phy. In an even more off shore
position, beds with normal grading, wave ripp
les and undulating to parallel lamination may
have formed. The sedimentary load had by
then lost its coarser fractions, and the remai
ning sand grains settled out incrementally from
the waning flow . This enabled the basinal
processes to shape the individual laminae into
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Fig. 21. Detailed interpretation of part of Fig. 13, highlighting
the barred nature of this shallow-marine sea. This sequence
is thought to have formed by the seaward migration of a
bar/trough couplet (e.g. Greenwood & Mitt ler 1985). Symbols
as in Fig. 11.

reface environment. Laterally extensive pebble
stringers (Fig. 16) are, in this context, probab
ly related to winnowing and rolling along the
bottom caused by storm surges (e.g. Bourgeo
is & Leithold 1984, Swift & Rice 1984).

The pebbly scours (Fig. 20), which in some
cases erode into the stringers, poss ibly for
med by storm- induced erosion seaward of the
breaker zone (Bourgeois & Leithold 1984). The
spoon-shaped depressions that were genera
ted soon afterwards became infilled by the
coarsest load set in motion by these currents.
The final type of pebbly beds, the southward
(landward ) -dipping low-angle cross-beds, may
represent low-amplitude longshore (swash)
bars (Bourgeois & Leithold 1984, Roep et al.
1978). Due to the restricted lateral extent of
the breaker zone, these quickly wedge out in
a direct ion normal to the inferred shoreline.
The lateral replacement of these cross beds
with parallel-laminated sand exemplify the pin
ch-out of these longshore gravel bars (Fig. 20).
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by the presence of subhorizontal lamination
(Fig. 19). A fluvial influence is indicated by the
high feldspar content, the generally massive
nature (suggesting rapid depos ition) and the
very coarse grain size (including large floating
pebbles). The most likely depos itional scena
rio for these beds is illustrated in Fig. 23.
Here, flashfloods in a marginal marine sett ing
led to short-lived progradations of sheetflood
dominated lobes into the sea. After the prog ra
dational pulse had ended, the lobes were re
worked by wave processes, which spread the
lobe-accumulations out into sheets (e.g. Hine
& Boothroyd 1978). The final deposit is thus
character ized by combined fluvial and marine
processes .

The massive nature of these beds may be
ascribed to waves washing out much of the
primary bedding and sedimentary structures.
It may also have induced liquefaction proces
ses (Fig. 15) by creat ing excess pore-pressu
res in the newly depos ited grain framework
(e.g. Lowe & LoPiccolo 1974).

Facies 52
The pebbly beds continue the shallowing
upwards trend which started with the distal
stormbeds of facies association R. The stratig
raphic position and character of these beds
suggest that they accumulated in a lower sno-

Facies53
These extensively cross-bedded sediments
occur between lower shoreface (facies S2) and
foreshore (facies S4) beds, and can be inferred
to have accumulated in an upper shoreface
setting. Independently, this is also suggested
by the high textur al and mineralogical matur ity
of these beds, by the scarcity of structures
formed by lower flow-regime processes. by the
lack of fine-grained material, and by the abun
dance of low-angle cross-bedding.

The complex suite of variously scaled cross
bed types mixed with parallel-laminated to
massive beds resembles the sedimentary
sequence which forms in modern longshore
bar-dominated settings. Here, waves and
wave-induced currents, (swash, backwash,
longshore drift , rip-currents, storm surge ebbs)
have a pro found effect on sediment disperal
(e.g. Hunter et al. 1979, Davidson-Arnott &
Greenwood 1976). Shallow-marine "cycles'.
poss ibly generated by slow seaward prograda
tion or aggradation of several bar-troug h coup
lets (Hunter et al. 1979, Greenwood & Mittler
1985) have been recognized in the Ringsaker
Quartzite Member (Fig. 21).

The variably directed trough cross-beds and
the small- to medium-scale tabular cross-beds
are thought to reflect migrating dunes and
sandwaves, respectively (Harms et al. 1982).
These bedforms developed in respo nse to a
variety of processes in the barred near-shore
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setting, such as coast-parallel flow in longshore
troughs , shoaling waves, and seaward return
flow in bar-f lank and bar-crest areas. The
details of this longshore bar environment are
currently being investigated, and will be publis
hed in a forthcoming paper.

The large-scale tabular cross-beds (Fig. 17)
common ly show dips to the north or south ,
perhaps resulting from the migration of an
entire longshore bar into the adjacent trough
(Hunter et al. 1979, Ly 1982). This interpretation
is based on the scale of these cross-beds,
their restricted lateral extent in the N-S direct i
on and high lateral E-W extent, and their intima
te association with structures believed to have
formed in longshore troughs and on bar crests.
The erosively based fining-upwards beds (Fig.
21) might represent rip current channel infills
(Fig. 24).

FaciesS4
At the top of both shallow-marine progradatio
nal sequences (Figs. 5 and 13), facies S4-beds
dominated by subhor izonta l lamination are
found. These very mature sediments are
thought to represent beach-related depos its
which formed landwards of the breaker zone,
behind the innermost bar (Fig. 24). The few
low-angle cross-beds are very "event-like' in
character, and are thought to have formed
mainly by wave action in the inner and outer
rough zones of Clifton et al. (1971). The sub
horizontal , slightly seaward-d ipping laminati
ons with many internal discordances and inver
se size grading/normal density grading are
characteristic features of beach lamination (e.g.
Clifton 1969). Facies association Q deposits
which erode into these beds (Fig. 20) suggest
the presence of channels cutt ing through the
beaches. The top-surface lags found in this
facies reflect storm winnow ing (Levell 1980)
and, in the case of the uppermost and thickest
lag, transgressive winnowing. The phosphori
te-cement associated with this lag indicates a
low sediment supply.

Lateral trends
These shallow-marine sediments appear to be
rather homogeneously developed in a direction
normal to the ancient coast line, although some
prox imal to distal changes can be observe d.
As mentioned, bed thickness and mean grain
size decrease northwards, while the number

Inl.ld.ll ale a'..

[ U _....~
aol• • l"
UIU I.'/lA~~-=

Fig. 22. Paleogeographic sketch (basement relief exaggera
ted) of the (fan)-deltaic system in which the Ekre Shale
(prodelta deposit s) and the lower and middle Vardal Sandsto
ne Member (delta front and braidplain deposits) accumula
ted. A transverse section (A-A') illustrates the onlapping
nature of the Ekre Shale. This and the following paleogeog 
rapnlc reconstru ctions represent the Hedmark Basin in a
pre-thrust posit ion.

of fine-grained interbeds increases. In terms
of facies types, sediments depos ited in deeper
water (Fig. 20) become more dominant north
wards. North of the Torpa area (Fig. 1), beach
related sediments are absent, and the basal
conglomerate seems to disappear. The thick
nesses of the upper Vardal Sandstone and
Ringsaker Quartzite Members also decrease
to the north (the upper Vardal Sandstone
Member probably thins out north of the study
area; Dreyer, unpublished data). These relati
onships suggest that the shallow-mar ine sequ
ences prograded from south to north in late
Precambrian to earliest Cambrian times. The
fact that the fluvial sediments lower down in
the vanqsas Formation were derived from the
south strengthens this argument.

Concluding discussion:
Vendian-Early Cambrian basin
evolution
During post-Varangerian times, the region on
the western Baltoscandian craton where the
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Fig. 23, Details of the deltaic coastline configuration during deposition of both the lower Vardal Sandstone Member and
tacies S1 of the upper Vardal Sandstone Member,

upper parts of the Hedmark Group accumula
ted was probably situated at a latitude of about
40-50 0 south (Piper 1985). After the cold clima
tic event associated with the depos ition of the

Varangerian Moelv Tillite, the climate that
prevailed as the presently discussed sediments
were deposited seems to have been temperate
and moderately humid (e.g. Willden 1980).
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The rifting phase which created the Hedmark
Basin also generated similar basins elsewhere
in the western most parts of the Baltoscand ian
craton. The characteristics of these are sum
marized in Kumpulainen & Nystuen (1985),
Bockelie & Nystuen (1985) and Nickelsen et
al. (1985). In all these basins, a post-Varanger i
an sedimentary sequence is present similar to
the one discussed here. As in the Vanqsas
Formation, evidence for more than one late
Vendian/early Cambrian shallow-marine pro
gradation episode has been found in these
basins (Nystuen 1980, Nickelsen et al. 1984).

The basin evolution, as deduced from vertical
and lateral facies developments in the studied
sequences, may be summarized in three pha
ses.

PHASE 1:
After the end of the Varanger ian ice-age (about
650 Ma ago), a eustat ic rise in sea-level (pro
bably caused by melting of ice) led to low
energy basinal conditions in large parts of the
Hedmark Basin (Fig. 2). In this energetically
quiet setting, the prodeltaic Ekre Shale was
deposited. Signs of progradation are present
only in the upper (red) part of this formation.
The thickness relationsh ips and facies develop
ment in this unit indicate that the sea onlapped
southwards through time. The border to the
Vardal Sandstone Member (vanqsas Formati
on) is diachronous.

PHASE2:
A northward-prograding deltaic system infilled
the basin mainly with delta-front-sediments
(facies association P) (Figs. 22 and 23). If the
thickness from the EkreNardal boundary to the
first fluvial beds (facies association Q) is taken
as an indication of minimum water depth , this
depth was at least 50 m (Fig. 5). In the lower
VardalSandstone Member , facies associations
P and Q (delta front - delta plain) alternate
cyclically. The cyclicity may be due to shifting
of delta lobes in response to local gradients
(autocyclic ity), or to allocyclic mechanisms
such as changing rates of sediment supply or
variation in relative sea-level. During deposition
of the middle Vardal Sandstone Member , pro
gradation had moved the coast line far north in
the Hedmark rift-basin. The fluvial system was
braided to the sea. Its large-sca le morphology
(fan-shaped or not?) is not known , thus making
it impossible to say whether the deltaic system
should be termed a fan-delta or a braid-delta

Fig. 24. Paleogeography of the barred nearshore system in
which most of the upper Vardal Sandstone Member and the
Ringsaker Quartzite Member sediments were deposited.

(Nemec & Steel 1987). A period of vertical
aggradat ion followed the prog radation.

PHASE 3:
At the upper/middle Vardal sandstone junct ion,
there is evidence for a change to a trans
gressive regime. This transgress ion was pro
bably caused by aslow eustat ic sea-level rise
induced by the opening of the lapetus Ocean
(e.g. Anderton 1982). The sediment supply was
sufficient to fill the space added by the base
level rise, resulting in periods characterized
mostly by vertical aggradation. Shallow-marine
conditions dominated from now on until the
time of deposition of the Cambrian "Holmia
stage ' beds. This epicont inental sea was
dominated by wave processes. It is important
to note that this epicontinental sett ing repre
sents a signif icant departure from the graben
confined sedimentary setting that had previ
ously characterized Hedmark Group sedimen
tation (Fig. 2). Now, the transgressive event
initiated shallow-marine deposition in areas
outside the orig inal Hedmark rift (Fig. 2) (and
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outs ide other rifts on the western Baltosca ndi
an craton ; Bj0rlykke 1979, Kumpulainen &
Nystuen 1985, Nickelsen et al. 1985). As a
result of this expansion, the basinal energy
(wave powe r, etc.) was able to reach higher
levels than wou ld have been poss ible in a
semi-enclosed rift-bas in sett ing.

In this newly-formed epicont inenta l sea, two
progradational/aggradational sequences for
med, cor respond ing to the upper Vardal Sands
tone Member and the Ringsaker Quartz ite
Member (Figs 4, 5, 13 and 20). The shallow
mar ine environment in this phase was barred
and storm-dominated (Fig. 24). A major trans
gressive event terminated the progradational/
aggradational regime, forming a lag-deposit
which marks the base of deepe r-wate r sedi
ments belonging to the foss iliferous "Holmia
stage ' (Lower Cambrian).
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