Stacked fluviodeltaic cycles in the Upper Proterozoic
Godkeila Member, Varanger Peninsula,
northern Norway
SIGNE-LINE RØE

Røe, S.-L.: Stacked fiuviodeltaic cycles in the Upper Proterozoic Godkeila Member, Varanger Peninsula, northem Norway. Norsk
Geologisk Tidsskrift, Vol.

75, pp. 229-242. Oslo 1995. JSSN 0029-196X.

The Upper Proterozoic Godkeila Member in the Persfjorden area (Varanger Peninsula) comprises four stacked fiuviodeltaic cycles,

70-200 m thick. Four facies associations have been distinguished: (A) prodelta sandy turbidites; (B) silt-dominated delta front; (C)
sand-dominated delta front; and (D) sandy, braided alluvial plain. Each cycle is a shoaling-upward succession of associations
B-+( ±A) -+B -+C-+D. The characteristics of the facies associations suggest a fiuvial-dominated delta with low-gradient braided
rivers entering a relatively low-energy, tide-infiuenced basin. The stratigraphy of the individual cycles suggests progradation under
an overall relative rise in sea leve!. The erosional surface between the fiuvial and marine associations may, in contrast, represent a
minor relative fall in sea leve! and thus a forced regression. The cycle termination is attributed to an intermittent, possible
fault-controlled shift of the depocentre. The considerable regional thickness variations of the Godkeila Member

(600-1450 m)

along the depositional strike is thought to be mainly a result of differential subsidence.
Signe-Line Røe, Geologisk Institutt, Universitetet i Bergen, 5007 Bergen, Norway.

Introduction
Recent discussions of deltaic systems (Elliot 1989; Nemec
1990; Postma 1990; Orton & Reading 1993) have empha
sized that deltas should be characterized not only by the
relative infiuence of fiuvial versus basinal processes but
that the deltaic sedimentation and architecture are sig
nificantly infiuenced by the characteristics of fiuvial
feeder channels and their sedimentary loads, basin
bathymetry and effiuent mouth processes. Elliot (1989)
furthermore suggested that many ancient deltas may not
have had any modem analogues and that the range of
delta types may be extended by research into non-actual
istic delta types.
This article gives a detailed analysis of large, stacked,
sandy fiuviodeltaic cycles from the Upper Proterozoic
Godkei1a Member of the Båsnæringen Formation in the
Persfjorden area, on the Varanger Peninsu1a, northern
Norway (Fig. 1). It will be suggested that these
fiuviodeltaic cycles represent low-gradient, supply-domi
nated braided river deltas. The stratigraphy of the indi
vidual deltaic cycles as well as their stacking will be
discussed in light of the inferred delta characteristics as
well as in terms of the auto- and allo-cyclic controls.

Stratigraphic and structural setting
The Godkeila Member forms part of the Båsnæringen
Formation, a 2.5-3.5-km thick succession of Upper
Proterozoic fiuvial and deltaic rocks that overlie sub
marine fan deposits (3200 m thick) of the Kongsfjord

Formation (Table l; Siedlecka & Edwards 1980; Picker
ing 1981; Siedlecka et al. 1989). This overall prograda
tional succession crops out north of the Trollfjorden/
Komagelva fault zone (TKFZ), in the Barents Sea
Region (Fig. 1). Two different basinal settings have been
proposed for this submarine fan to delta succession: ( l )
a n oblique-slip graben o r half-graben aligned NW-SE
(Siedlecka 1985), and (2) an extensional, rifted, passive
continental margin (Pickering 1981; Siedlecka et al.
1989). In both cases it was suggested that the TKFZ was
active as a major normal fault during sedimentation and
that it was later reactivated as a dextral strike-slip fault
which emplaced the Barents Sea Region in its present
position towards the Tanafjorden-Varangerfjorden Re
gion (Fig. 1).
The Godkeila Member is ca. 600-1450-m thick and
consists of four fiuviodeltaic cycles of sand- and silt
stones that occur between two thick and regionally ex
tensive fiuvia1 sandstone units (Seglodden and Hestman
Members, Fig. 2) in the upper half of Båsnæringen
Formation. It is well exposed in coastal sections on the
southeast side of Kongsfjorden and in the Persfjorden
area. In this article the attributes of the Godkeila Mem
ber in the Persfjorden area are described and discussed in
more detail than in the previous accounts ( Siedlecka &
Edwards 1980; Siedlecka et al. 1989).

Persfjorden sections
The Godkeila Member crops out on the NW and SE side
of Persfjorden on opposite, steeply dipping (8 0° ) fianks
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Fig. l.

of a NE-SW trending syncline. The unrestored distance
between the Blåsenberg section to the northwest of Pers
fjorden and the Godkeila section to the southeast is
between 4 and 5 km (Fig. 3). Exposures are continuous
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Stratigraphy and depositional environment of the Barents Sea Group.
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ENVIRONMENTS

Tyvjofjellet
(1500m)

Fluvial and shallow marine
sandstones & siltstones

Båtsfjord
(1500 m)

lntertidal & supratidal carbonates
silt· and sandstones

Båsnæringen
(2500-3500 m)

Fluvio • deltaic
sandstones & siltstones

Kongsfjord
(3200m)

Submarine fan
sandstones & siltstones
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in both sections with the exception of the uppermost
unit, immediately below the Hestman Member. Tectoni
cally generated fissures and minor faults occur through
out the studied sections. In addition, the argillaceous
strate have a penetrative cleavage that in some parts of
the Blåsenberg section has destroyed primary stratifica
tion. Nevertheless, exposures in general allow detailed
sedimentary logging of both sections.
The Godkeila Member in the Godkeila section is
about 600 m thick and in the Blåsenberg section about
660 m thick. Both sections consist of four stacked, coars
ening-upward cycles (70-200 m thick) of inferred regres
sive, ftuviodeltaic origin (Figs. 2 & 10). The uppermost
cycles are, in both sections, overlain by a poorly exposed
argillaceous unit which in turn is succeeded by the ftuvial
sandstones of the Hestman Member.
Palaeocurrents measured in the ftuvial successions of
the Godkeila Member suggest a northeast- to eastward
progradation of the deltas and thus a strike-parallel
orientation of the Blåsenberg and Godkeila sections (Fig.
3). These palaeocurrent data are consistent with the gen
eral northeastwards outbuilding previously proposed for
both the Båsnæringen delta complex and the underlying

NORSK GEOLOGISK TIDSSKRIFT

75 (1995)

Stacked .fluviodeltaic cycles

®

231

@
m

GAP

Stacked
fluviodeltaic
cycles

LEGEND

� Concave upward
Tabular & lenticular
� Sigmoidal
cross-stratified sets
� Overturned
l l Horizontal
� lnclined (<10°) Planar-stratification
�� Trough cross-stratification

�

�
�

Fig.

2. Simplified lithostratigraphic log of the Godkeila Member,
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Kongsfjord submarine fan complex (Pickering 1981;
Siedlecka et al. 1989).

Facies associations
The rocks of the Godkeila Member in the Godkeila and
Blåsenberg sections can be grouped into four major
facies associations, each representing a different deltaic
subenvironment Facies associations B, C, and D are
present in all the fluviodeltaic cycles studied. Facies
association A occurs only in four of the eight. Figures 2
and lO show the vertical arrangement of the vanous
facies association in the two measured sections.

Facies association A: prodelta sandy turbidites
Description. - This facies association consists of a 1535-m thick heterogeneous succession of sandstone, silt
stone and intraformational conglomerate. It occurs near
the base of three of the four fluviodeltaic cycles in the
Blåsenberg section while in the Godkeila section this
facies association is present only in the uppermost cycle
(Figs. 2 & 10). Laminated siltstone typical of facies
association B occurs between association A and the
underlying cycle in two cases (Cycles I and Ill,
Blåsenberg) and passes with an abrupt upward transition
into association A (Figs. 4a & Sa). In the other cycles
there is a minor gap in exposure between the facies
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Amalgamated sheet sandstone (facies 2).
Facies 2 is
the main facies (70%) in three out of the four successions
studied and comprises bedsets of very-fine to fine-grained
sandstone 0.5-3-m thick (Fig. Sa). Upper and lower
boundaries are abrupt and overall sub-parallel in the
50-300-m long exposures, suggesting sheet-like sand
body geometries. Individual beds within the sheet sand
stone bodies range in thickness from 5 to 50 cm but are
in general between lO and 25-cm thick. The identification
of individual beds is only locally possible because they
tend to amalgamate laterally. In most sheets there are no
upward thickening or thinning trends.
Beds are commonly massive intemally but in places
show Ta-c and Th-e. Siltstone clasts, up to 20 cm long,
occur within some of the massive strata. Flutes and
groove-casts occur at the bases of the sheet sandbodies
(Fig. 5b) and their top surfaces commonly exhibit two
or three-dimensional ripple trains.
-

Fig.

5. (a) Interbedded turbiditic sandstone and siltstone of facies association A.

Note the thin-hedded sandstone and siltstone (facies
sandstone (facies

l)

hetween the thicker sheet

2). Siltstones of facies association B occur helow the hatched

line. The solid line marks the base of Cycle Ill in the Blåsenherg section. Hammer
(encircled) is

35 cm

long. The photograph corresponds to the lower l O m of Fig.

4a. (b) Solemarks in a turbiditic sandstone
Compass (upper right) is

bed.

Cycle Ill, Blåsenherg section.

lO cm long.

Three facies are distinguished: ( l ) interbedded thin
sandstone and siltstone; (2) amalgamated sheet sand
stone; (3) channellized sandstone and conglomerate.
Whereas facies l and 2 occur in varying proportions in
all the studied successions, facies 3 is encountered in only
one of them (Fig. 4a).
Interbedded thin sandstone and siltstone (facies 1). This facies consists of laminated siltstone interbedded
with very fine-grained sandstone in units up to 3-m thick
(Fig. Sa). The sandstones are mainly less than 7-cm thick
(but up to 30 cm) and are either massive or show a lower
parallel-laminated interval passing upwards into a ripple
cross-laminated part (Bouma Tb-c), or they are ripple
cross-laminated throughout (Te) with a common high
angle of climb. Complete Bouma sequences are present
in places but are not common. Grooves, flutes and
loadcasts occur at the bases of thicker beds. Penetrative
cleavage has, in general, destroyed primary stratification
in the interbedded siltstones, although parallel lamina
tion with graded laminae similar to the laminated silt
stone in Facies Association B has been observed.

Channel-fill sandstone and conglomerate (facies 3). - In
contrast to facies 2, facies 3 has an erosive, concave
upwards lower-bounding surface and wedge to lenticular
geometries. The two channel complexes ((CC) in Fig. 4a)
provide excellent examples of this facies. The lower chan
nel-fill unit comprises a 10-m thick, overall fining-upward
succession of conglomerates, sand- and siltstones that are
bounded on one side by a stepped channel margin. The
channel cuts into fine-grained sediments of facies l . The
channel fill comprises three coarse to fine subunits which
together with the stepped channel margin suggest several
cut and fil! episodes. No stratification is seen within the
channel-fill sandstones and the intraformational con
glomerates are ill-sorted and poorly organized with silt
stone clasts up to 50 cm. The upper channel-fill complex
(Fig. 4a) comprises a 5-m thick, erosively based, wedge
shaped, sand-dominated body also showing multiple ero
sive surfaces.
The stratigraphic position of facies as
sociation A beneath laminated prodelta/delta-front slope
siltstones (Fig. 10), together with the absence of shallow
water, tide- and wave-generated sedimentary structures
suggest that this sandy facies association was deposited
in a prodelta environment. The sole-marked sandstones
with Bouma sequences suggest emplacement by turbidity
currents. The common massive nature of many of the
sandstones may, in this context, be attributed to liquefac
tion of rapidly deposited fine sands (Walker 1984). The
poor internat organization of the channel conglomerates
suggests, in contrast, a debris flow origin for these de
posits.
The gravity currents probably deposited their sandy
loads on the delta slope to offshore transition due to the
reduced gradient at these sites. This bathymetric setting is
consistent with previous interpretations of delta-related
turbidite sandstones (Heller & Dickinson 1985; Collinson
1986). The sheet sandstones (facies 2) within the facies ass
ociation A successions suggest deposition by unconfined
lnterpretation.

-
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Facies association B: Silt-dominated delta frontfprodelta

- This facies consists mainly of siltstone
with less common very fine-grained sandstone (30%). In
general the sandstone/siltstone ratio increases upward in
the facies association B succession. The siltstone is grey
(with green weathering colour) and horizontally lami
nated. Typically graded 2-5-mm thick silt laminae are
draped, with an abrupt transition, by much thinner
laminae of dark grey mudstone (Fig. 6a). The thicker silt
laminae have in places faint internal lamination and
show microloaded bases. Locally, low-angle erosional
surfaces separate the larninae sets.
The interbedded sandstones are apparently massive or
graded or they show cross-larnination that occurs either
as solitary sets or as climbing ripple cosets. Bed-plane
surfaces usually show asymmetric ripples, with rounded
broad crests and narrow troughs. Ripples åre typically
straight to sinuous-crested, but three-dimensional ripples
have also been observed. Ripple crests show an N-S to
NW -SE orientation (Fig. 3) and ripple asymmetry and
cross-lamination suggest northeastward-trending pal
aeoflow and thus offshore-directed currents.
Massive or slumped strata of siltstone and sandstone
occur in particular in higher stratigraphic levels in
sharply based beds up to 120 cm thick. Remnants of
slump folds in otherwise massive silty sandstone are the
most common wet sediment deformation (Fig. 6b). In
addition, up to 30-cm thick units of laminated siltstone
and sandstone have laminae dipping upslope at angles of
10-30° suggesting rotational sliding. Apparent massive
siltstone may show small rnicrofolds in thin section.

Description.

- The fine-grained texture of the sedi
ments, the absence of wave-generated structures and the
offshore-directed palaeocurrents all suggest a distal delta
front to offshore setting for facies association B.
The laminated and graded siltstone facies suggest de
position from suspension fallout from either bouyant
plumes or low-density turbidity currents. Although there
is generally no direct evidence for the processes responsi
ble for these beds, the rare occurrence of faint lamination
within the graded silt laminae and the abrupt upward
transition to mudstone suggest a turbidite origin for at
least some of the siltstone laminae, while the mudstones
probably represent suspension fallout from higher parts
of the water column.
In a delta-front setting, low density turbidity currents
can form either as a consequence of hyperpycnal, low
density underflows or gravity-driven slope failure. Prior
et al. (1986b) and Wright et al. (1986) attributed lami
nated siltstone facies in front of Huanghe (Yellow River)
distributaries to low density underflows formed as a
consequence of the very high suspended silt concentra
tion of the river outflow. Wright et al. (1986) further
more suggested that the relatively coarse suspended
material (mainly silt) favoured density flow processes.
The current ripples in sandstones, showing offshore-di
rected palaeocurrents, suggest downslope flow and prob-

Interpretation.

Fig. 6. (a) Graded siltstones of facies association B. Cycle Il, Blåsenberg section.
The photograph shows a fold axial plane outcrop oriented at about 70° relative
to the bedding plane. Pencil (lower left) is 14 cm long. (b) Slumped silty
sandstone in facies association B. The light colour is due to patchy, early-diage
netic carbonate cement. Cycle IV, Godkeila section. Pencil is 14 cm long.

flow as lobes in front of lower slope channels (facies 3).
The morphological setting of the fine-grained sediments
of facies l is less clear and they may have been deposited
laterally to the channels or sandy lobes; alternatively,
they may represent the most distal deposits in the succes
sion.
The apparent absence of any well-developed coarsen
ing-upward trends in the facies association A succession
(Fig. 4), as well as between facies l and 2, may suggest
instability and a rapidly shifting position of the slope
channels that feed the prodelta (see discussion in Heller
& Dickinson 1985, 1986; Collinson 1986).
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ably turbidity currents of somewhat higher densities than
those responsible for the laminated siltstone facies. The
broad, rounded profile of the ripple crests as well as high
ripple-climb angles suggest rapid decelerating currents
and sediment fallout from suspension.
Slumping in silty, overall massive sandstone and rota
tional slumps/slides in the heterolithic strata support a
slope setting and intermittent gravitational instability on
the upper slope. The small vertical scale of these features
in the Godkeila delta front suggests, however, small-scale
deformation phenomena. The erosive nature at the base
of some laminae sets of siltstone may suggest storm-wave
erosion; alternatively, they may represent slump or slide
scars. The apparent massive nature of some siltstones
with in places microfolds suggests silt flow. These evi
dences for delta-front upper slope remobilization are all
reported from modem deltaic environments (Prior &
Coleman 1982; Prior et al. 1986b). Conditions favourable
for such slope instabilities are caused by rapid sedimenta
tion which may induce high pore pressure. Silt-rich sedi
ments are particularly conducive to liquefaction failure,
strength losses and long flow distances (Youd & Perkins
1978). Notably, underwater liquefaction failure has been
recognized on slopes as gentle as 0.25° (Field et al. 1982).
Facies association C: sand-dominated delta front
Description. - Facies association C varies in thickness
from 10 to 40 m and overlies association B with either an
abrupt or gradual transition. The association comprises
four stratified facies (1-4) and one massive facies (5). In
general, the facies association shows an overall upward
coarsening trend apart from in cycles I and Il in the
Blåsenberg section (Fig. 10) where channellized sand
stones of facies 5 rest erosively on the silt-dominated
delta front association B. Figure 7 shows detailed log
examples of the upper part of the sand-dominated delta
front successions.

Interbedded sandstone/siltstone (facies 1). - This facies
has, in general, a sand/shale ratio between 70 and 30 but
also includes a few thin siltstones ( Fig. 7). Beds and
bedsets are generally laterally uniform in thickness (Fig.
8a), but prominent wedging and lenticular bedsets on
concave-up or planar erosion surfaces are seen in places.
The sandstones are thinly bedded and show straight
crested current ripples as well as subordinate wave and
combined flow ripples (Fig. 8a).
Mud-laminated sandstone (facies 2). - Sandstone lami
nae are 1-7 mm thick and separated sharply by dark
grey mudstone generally less than one millimetre thick.
Common arrangements are a repetitive occurrence of
thick sandstone laminae-mud drape-thin sandstone
laminae-mud drape (double mud drapes). The sand
stones appear mainly structureless but a few occurrences
of ripples and ripple cross-lamination have been ob-
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served, suggesting opposite sediment transport direction
for the thick and thin sandstones. Synaeresis cracks
(incomplete shrinkage cracks) are common in this facies.
Ripple cross-laminated sandstone (facies 3). - This fa
cies comprises composite sandstone beds of up to 2 m
thickness. The sandstones are fine- to very fine-grained
mainly ripple cross-stratified but with local planar strat
ification (Fig. 7). Flaser bedding and more continuous
mud drapes are locally present. In places, this facies
shows large-scale convolute bedding of water escape
origin. Furthermore, wavy, hummocky-like undulations
on the top surface and within some of these beds are
present. These are attributed here to incipient deforma
tion and not to storm-wave activity as suggested by
Siedlecka et al. (1989).
Cross-stratified sandstone (facies 4). - This mainly
trough cross-stratified facies occurs in erosively based,
cosets up to l m thick with individual sets being less than
30 cm (Fig. 7). Solitary, thicker sets are also present.
Foresets are typically rippled in their lower part. Silt
laminae and silt clasts are present between some foresets.
Here and there, there is a repetition of thick and thin
foreset laminae separated by mudstone (Fig. 8b). In
traformational conglomerates occur in places at the base
of through sets and wave ripples or hummocky lamina
tion at their top (Figs. 7a & 8b).
The cross-stratified sandstone facies commonly over
ties horizontal and low-angle inclined rippled sandstone
(facies 2 & 3) in upward-coarsening successions less than
3 m thick (Fig. 7a, b). Less commonly, large-scale cross
stratified sandstone either overlies siltstone erosively or
succeeds intraformational conglomerate (Fig. 7c).
In facies l - 3, ripple-crest orientation is consistently
N-S or NW-SE (Fig. 3) and ripple asymmetry suggests
mainly a northeasterly, i.e. offshore, directed flow. In
Cycle Ill in the Godkeila section, however, 36% of
palaeocurrents in facies l were directed onshore. Foreset
dip asimuths in facies 4 also suggest a dominant current
fiow towards the northeast.
Massive channel-fill sandstone and conglomerate ( facies
5). - This facies is present in Cycle IV of the Godkeila
section and Cycle I and Il of the Blåsenberg section.
Massive, erosively based sandstone is the main lithofacies
in all three of these occurrences. In the Godkeila expo
sure (Cycle IV) the massive sandstone is confined within
an 8-m deep, partially preserved concave-up channel
form. In Cycle I of the Blåsenberg section the erosively
based 13-m thick sandstone is massive in its lower
half and becomes horizontally laminated upward. In
Cycle Il this facies comprises a 17-m thick massive
sandstone with a basal 2.5-m thick bedset of crudely
stratified conglomerate.
While facies 5 truncates facies 2 and 3 in the Godkeila
section, it rests erosively on facies association B in the
Blåsenberg section.
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Interpretation. - The general overall upward-coarsening
nature of the facies association C succession, together
with the dominance of offshore directed palaeocurrents,

suggests a prograding, proximal delta-front setting for
this facies association. The interbedded sandstone and
siltstone in facies l as well as the mud drapes and mud
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Fig. 8. ( a) lnterbedded rippled sandstone and siltstone ( facies 1), facies associa
tion C. Cycle Ill, Godkeila section. Scale ( centre) is 20 cm long. ( b) Superim
posed sets of tide-generated through cross-strata ( facies 3), facies association C.
Note the repetitive thick and thin foreset laminae separated by mudstone in the
uppermost set and the wave-rippled topset in the cross-sel below. Cycle IV,
Godkeila section. Hammer is 35 cm long.

laminae in facies 2-4 suggest fluctuating current
strength. The, in places, repetitive occurrence of thick
and thin sandstone laminae separated by mudstone
within facies 2 and 4 ( Fig. 8b) suggests reworking of the
fluvial-derived material by asymmetric flood-ebb tidal
currents ( Nio & Yang 1 99 1 ). The subordinate onshore
palaeocurrents in facies l and 2 are, in addition, consis
tent with a tidal current regime. Although wave ripples
were observed throughout the succession they are far less
common than current ripples, implying very low wave
energy.
In a delta-front setting the less than 3-m thick upward
coarsening successions ( Fig. 7a & b) suggets prograda
tion of minor mouth bars. The small thicknesses of the
mouth-bar deposits imply either that the mouth bars
were relatively short-lived and shifted position frequently
as a consequence of the unstable nature of the channels
that fed them and/or that the water in front of the
channels was only a few metres deep. The cross-stratified
sandstones capping these bars may represent the fills of
shallow bar top channels. An environment of shallow
back bar, tidally influenced, minor channels is also sug
gested for the sharply based cross-stratified sanstones
occurring in places near the top of the facies association
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( Fig. 7a, b). The upward-fining succession (Fig. 7c) is
interpreted as a partly abandoned distributary channel
fill.
The channels and fill of facies 5 suggest intermittent
powerful erosion and formation of relatively deep chan
nels in the delta front either on the subaqueous delta
front platform ( Cycle IV, Godkeila section) or on the
upper delta-front slopes ( Cycles I and Il, Blåsenberg
section). In modern environments such channels are be
lieved to be cut by turbidity currents generated at the
river mouth during flood stage. Notably, a 5-m deep and
300-m wide channel in the delta front of the Huanghe
was attributed to erosion by such hyperpycnal underfl
ows (Prior et al. 1 986a). The massive nature of the
channel fill of facies 5 may be attributed either to rapid
deposition by tractional currents ( e.g. Collinson &
Thompson 1982) or to debris flow/liquefaction processes.
Tractiona1 upper flow regime processes are suggested by
the planar stratification in the conglomerates and sand
stones that occur in a few places in facies 5.
Two different process regimes appear thus to have
acted near the river mouths in the delta-front area. The
well-stratified portion ( facies 1-4) of the delta-front de
posit suggests that friction-dominated effiuent processes
dominated, accompanied by some tidal and wave re
working. The massive channellized sandstones ( facies 5)
suggest, in contrast, hyperpycnal effiuent processes. The
latter probably formed in the front of major river chan
nels during floods while the friction-dominated process
was acting in front of minor, shallow, channels or at flow
stages where the river outflow and suspended concentra
tion were much less.

Facies association D: sandy, braided al/uvial p/ain
Description. - The top component of the fluvio-deltaic
cycles comprises 25 - 104 m sandstones that overlies the
delta-front facies association (Figs. 2 & 10). The bound
ing surface between the two associations is planar and
erosive. The facies association D succession can be di
vided into two parts: a lower part of stratified sandstone
and an upper part of mainly massive sandstone. The
well-stratified ftuvial satidstones are not present in Cycle
Il of the Blåsenberg and Cycle Ill of the Godkeila
sections.
The stratified sandstones are fine- to very fine-grained
and comprise mainly large-scale cross-stratification, hori
zontal to low-angle incliner planar stratification or they
are structureless. The cross-stratified sets are mainly be
tween 30 and 50 cm thick, have lenticular, wedge or
tabular geometries in oblique sections and are grouped
into cosets (Fig. 9). Less common are solitary large
tabular sets, 80 to 150 cm thick. In both cross-set types,
cross-strata have concave-up or sigmoidal geometries.
Overturned cross-strata that pass laterally downcurrent
and/or vertically into massive sandstone are common.
Here and there, the cross-stratified sets show a vertical
and/or lateral transition into horizontal and low-angle
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Fig. 9. Superimposed sets of fluvial-generated tabular cross-sets, facies associa
tion D. Cycle l, Blåsenberg section.

inclined planar strata. Planar strata are present in unbro
ken successions ( bedsets) up to 5 m thick. Ripple cross
strata as well as medium-scale trough cross-strata occur
in a few places within the successions.
In a few laterally extensive exposures, superimposed
sets of cross-strata and/or planar strata form sheet-like
sandstone bodies 1.2 to 6 m thick and with an exposed
lateral extent of about 50 m. Set-bounding surfaces
within these sheets are horizontal or they show low-angle
downcurrent inclination. Lateral accretion surfaces occur
within some of the planar stratified sandstone sheets. In
places, these sheet-like sandstones have intraformational
conglomerates at their bases and small trough or ripple
cross stratification close to their tops.
Massive sandstone is the dominant facies in the upper
3-35 m of all the measured cycles. The boundary be
tween this facies and the stratified sandstones below is
generally erosive and irregular with in one place local
relief of up to 6 m. Intraformational conglomerates com
monly overlie the erosion surface. At higher stratigraphic
levels, too, there is local interfingering of conglomerates
with massive sandstones. The conglomerates are ill
sorted and contain angular siltstone clasts up to 2 m
long. The massive sandstones are poorly sorted ( thin
section) and occur in beds 30 cm to 3 m thick with
concave-up, undulating or planar lower surfaces. Only in
two of the cycles have cross- and planar-stratified sand
stone been observed within the massive sandstones. The
attributes of these stratified beds are similiar to those
described from the stratified part of the facies association
D succession.

Interpretation.
The stratified portion of facies associa
tion D is probably of fluvial origin because of the
absence of tide- or wave-generated sedimentary struc
tures in up to l 00-m thick successions, the unidirectional
palaeocurrents ( Fig. 3) and their stratigraphic context
above delta-front deposits ( facies association C). Thus
the previous interpretation by Siedlecka & Edwards
-
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( 1 980) and Siedlecka et al. ( 1 989) that these sandstones
represent delta-front and tide-influenced distributary
channel deposits finds no support here. Instead, these
sandstone successions are remarkably similar in terms of
stratification and texture to other fluvial successions Fe
cently described from the Båsnæringen Formation ( Hjell
bakk 1 987, 1 993; Hermansen 1 989; Røe & Hermansen
1 993).
The absence of argillaceous overbank deposits in the
up to 100-m thick sandy successions suggests highly
mobile, low-sinuosity river systems. The concave-up to
sigmoidal cross-strata shapes, the common overturned
cross-strata together with upper flow-stage planar strata
all suggest deposition by high velocity currents heavily
laden with sand in suspension ( Røe 1 987). These forma
tive flow conditions are also consistent with an environ
ment of relatively shallow rivers with mainly braided
pattern during low and intermediate flow stages ( Røe &
Hermansen 1 993).
The sheet-like sandstones of grouped sets of cross
and/or planar strata in places with inclined set
boundaries probably represent compound to composite
bars similar to those described by Røe & Hermansen
( 1 993) from the Hestman Member. In the Godkeila
Member, the thickness of these bars suggests minimum
channel depths in the order of l -6 m with interbar
channel width/depth ratios on the order of a few hun
dred metres. The fine bedload grain-size together with
the inferred high flood velocities suggest macroform mi
gration rates of several tens of metres a day ( see detailed
discussion in Røe & Hermansen 1 993). The high runoff
rates suggested by the absence of vegetation ( Schumm
1977) imply high discharge variability ( i.e. flash y dis
charges).
The exact environmental context of the uppermost
massive sandstones and intraformational conglomerates
of the facies association D successions is less clear. It is,
however, believed to be fluvial because of the irregular
basal channel erosion surface and the few occurrences of
'fluvial type' stratification. The massive nature of the
deposits suggests either (l) rapid sedimentation probably
accompanied by water escape, or (2) liquefaction and/or
gravity flow processes. As discussed below, deposition of
the massive sandstones probably coincided with a period
of recurrent earthquake activity and such activity may
have contributed to liquefaction and mass flows.

The Godkeila fluviodeltaic systems

The similarities between the four superimposed fluvio
deltaic cycles in the Godkeila Member ( Fig. 10) suggest
that there were no major changes through time in either
basinal processes or in the characteristics of the alluvial
feeder system. The facies associations and environments
discussed above suggest a setting of wide, rapidly shift
ing, low-sinuosity sandy rivers entering a relatively low
energy basin for all the studied delta cycles.

NORSK GEOLOGISK TIDSSKRIFT

Stacked .fluviodeltaic cycles

75 ( 1995)

Blåsenberg section

239

Godkeila section
>5km

. .
. . . . . . . . . . ·. . . .. . . . . . . . . . .�
. . . . . ..........._ . �. . . . . . . . . .
. .
.
-.
.
.
.
·.·. ·.·
.�
·
·
.
·
.
· .. ··
··
.· . . .
.
.
.
. .
. . .. . . ·
.�
. .. . .
.
. .
. . . . . .
.
.
.
.
.
.
.
.
.
- - . -- .�
. . . .��
. � .
. . . . . . . .. . . . .
.
.
.
·
.
.
.
.
.
.
----=----.
.
. . . . . . . .. . . . . . . . . .
.
. . .
.
.
.
.
.
.
.
·
.
.
.
.
.
.
---·
.
·
.
·_ _ . · ·.
. .......:____
··
-- - ····
· . . .
. · · .··.··�·
.
.
.
-

-

-

.

-

.

.

.

.

.

.

.

.

-�

.

.

.

.

'

.

.

.

.

.

.

FACIES ASSOCIATIONS

1.;",.-.·� .,.=l
i���J

B: Silt-dominated delta front/ prodelta

__.."._....,_.

Fig.

�
L:ZJ

A: Prodelta sandy turbidites

C: Sand-dominated delta front
D: Braided sandy alluvial plain

Minor base level fall

JO. Lithostratigraphic correlation between the Blåsenberg and Godkeila sections.

The fine grain-size of the fluvial bedload suggests a
relatively low-gradient alluvial/delta plane ( Orton &
Reading 1 993) consistent with the inference that at least
some channels were more than 6 m deep. The Godkeila
delta plains thus differed considerably from the braided
delta plain model of McPherson et al. ( 1 988) that was
pictured as a relatively high gradient, gravelly system
with a network of splitting and rejoining shallow chan
nels similar to those typical for glacial outwash plains.

The river mouth processes and deposits in the God
keila delta were probably controlled mainly by rapid
lateral shifts of the distributary channels, a high dis
charge variability in the rivers together with the high con
centration of sand and silt in suspension during at least
flood stages. Hyperpycnal underflows probably devel
oped, during floods, at the mouth of the deeper river chan
nels, causing subaqueous channel incision and seaward
transport of sandy material. The massive channellized
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sandstones of the proximal delta front ( C) rnay testify to
such conditions. The tidally influenced shallow water
deposits ( Figs. 7 & Sa, b), in contrast, were probably
formed in areas (or at times) where river outflow and
suspended sediment concentration was much less and
hence friction-dominated effiuent processes as well as
tidaf ptocesses occurred. The inference that sandy mate
rial was transported offshore by channellized density
underflows is further supported by the sandy prodelta
lobe and channel deposits (A). Since the active delta
front channels shifted position in concert with the dis
tributary channels, the lobes probably became amalga
mated laterally to form prodelta sheets or aprons. The
presence of lobe deposits of similar thickness in the
uppermost cycles of both the Godkeila and Blåsenberg
sections may suggest such lateral continuity. The absence
of lobe deposits in the lowermost cycle in the Godkeila
section but their presence in the Blåsenberg section may
suggest that the exposure of the Blåsenberg delta cycle
represents a somewhat more distal position of this part
of the delta.
There is at present no classification scheme that fully
accounts for all the aspects of the Godkeila delta sys
tems. Despite the evidence for tidal reworking of parts of
the delta-front sediments, the deltas should probably be
classified as fluvial-dominated since a large portion of the
distal delta fronts and prodelta was probably formed as
a consequence of river-generated density underflows.
Postma ( 1990) proposed a classification based on basin
water depth, the gradient of the delta-front slope and the
pattern of the fluvial feeder system. The Godkeila deltas
do not, however correspond to any of his 12 prototype
deltas. None of his classes allow for a system of low-gra
dient sandy, braided delta plains with channels feeding
submarine prodelta lobes that were deposited at the base
of a low gradient delta-front slope.

Stratigraphic aspects

The vertical stacking of the inferred deltaic subenviron
ments ( facies associations) within the Godkeila
fluviodeltaic cycles ( Fig. 10) suggests that they represent
shoaling-upward successions under overall prograda
tional and aggradational conditions. There is, however,
evidence to suggest that the individual cycles were not
the result of steady-state progradation, but that they
prograded and aggraded under the influence of fluctuat
ing rates of relative sea level changes.
The relatively thick, proximal delta-front association
in the uppermost two cycles, with its stacked mouth bars
(Figs. 7 & 10), suggests that aggradation accompanied
progradation, implying deposition under a rising relative
sea level. In contrast, the erosive boundary between the
marine and fluvial deposits probably represents a relative
fall in sea level and hence a forced regression, sensu
Posamentier et al. ( 1 992). This is suggested by the ab
sencc of interbedded fluvial and marine (bay/tidal-flat)
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deposits typical of low-gradient, aggradational, lower
delta-plain facies successions (Wright 1977) and the lack
of tidal evidence in the fluvial channel sandstones ( e.g.
Shanley et al. 1992).
Although a base-level fall may result in deep valley
incision at the shoreline (Van Wagoner et al. 1990) and
shelf areas, this was probably not the case for the God
keila fluviodeltaic system. The preserved shallow-marine
proximal delta-front deposits below the erosional sur
faces in all the delta cycles suggest a base-level fall of a
magnitude less than a few metres. Furthermore, the
nearshore gradient was probably low, as suggested by the
limited evidence of sediment reworking by waves in the
succession. Wescott ( 1993) has argued that such condi
tions do not favour valley incision. During lowstand,
rivers may adjust to the lowered base level and changes
in slope by modifying channel patterns ( Wescott 1993).
The fluvial deposits that cap the marine portion of the
delta succession are at least 3- 10 times thicker than the
inferred maximum depth of the individual channels, and
thus suggest conditions of substantial aggradation. The
space provided to accommodate such thick coastal
aggradational units may be generated either by subsi
dence alone or in combination with a eustatic rise in sea
level. Whatever the reason for the accommodation pro
vided, the multistory nature of the fluvial channel fills,
and the absence of fine-grained overbank deposits in the
Godkeila fluvial facies association, is attributed mainly
to the relatively large width of the braided river channels
and rapid rates of channel migration/avulsion relative to
the rate of new accommodation formed ( see Bridge &
Mackey 1993 for detailed discussion).
Each of the fluviodeltaic cycles is capped by the most
distal facies associations of the next cycle, implying that
the cycle boundary represents a marine flooding surface,
which in turn suggests an increase in the water depth
with little concomitant deposition. A tectonically con
trolled shift of the depocentre might probably explain
such a termination of the cycles in the Godkei1a sections.
This mechanism would allow not only an intermittent
local halt in sediment supply, but also the new accommo
dation to be provided by fault-induced subsidence. It has
been previously suggested that the Trollfjorden-Ko
magelven Fault Zone acted as a normal or binge-type
fault during sedimentation of the Båsnæringen Forma
tion ( Pickering 198 1; Siedlecka 1985; Siedlecka et al.
1989) and such a fault activity might contribute to the
style of cycle terminations in the Godkeila Member.
Along the depositional strike the Godkeila succession
in the Kongsfjorden area ( Fig. 2), has about the same
sandstone/siltstone ratio as that in the Persfjorden sec
tions. The sedimentary succession in the Kongsfjorden
area is, however, about three times as thick as the sections
in the Persfjorden area and consists of only three stacked
fluviodeltaic cycles, not four as in the present study area
( Siedlecka et al. 1989). These differences over a mini
mum distance of 100 km suggest that a local different
ial tectonic subsidence acted as a significant control
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on the delta cyclicity and thickness. This notion supports
the earlier inference about the deltaic cycle termination
in the Persfjorden area. Although the great thickness and
the corresponding time of the Godkeila Member (6001 400 m) suggest that eustatic fluctuations are likely to
have occurred during the sedimentation, the actual strati
graphic record of these possible fluctuations in the stud
ied successions is not clear.

Summary and conclusions

l. The Upper Proterozoic Godkeila Member in the Pers
fjorden area comprises four, vertically stacked
fluviodeltaic cycles, 70-200 m thick. Four facies asso
ciations have been distinguished: (A) prodelta sandy
turbidites; ( B) silt-domiriated delta front; ( C) a sand
dominated delta front; and ( D) sandy, braided allu
vial plain. Each cycle is a shoaling-upward succession
of associations B-+ (±A)-+ B-+ C-+ D.
2. The characteristics of the facies associations suggest a
fluvial-dominated delta with low-sinuosity rivers en
tering a relatively low-energy, tide-influenced basin.
The low-gradient alluvial plain was characterized by
unstable, wide river channels heavily loaded with sand
and silt in suspension. The sand-dominated delta
front facies association suggests both hyperpycnal and
friction-dominated river effiuent conditions. The for
mer process was responsible for the seaward transport
of sand and silt to the distal delta-front and prodelta
environments.
3. The stratigraphy of the individual fluviodeltaic cycles
suggests progradation and aggradation under fluctuat
ing rates of relative sea level changes. The marine part
of the cycles suggests normal regressive conditions. In
contrast, the erosive boundary between the marine
and fluvial deposits probably represents a minor rela
tive fall in sea level and thus a forced regression. The
thick, aggradational fluvial successions suggest rela
tive rises in sea level.
4. The abrupt cycle termination is attributed to an inter
mittent, possibly fault-controlled, shift of the depo
centre. The considerable regional thickness variation
of the Godkeila Member (600 - 1450 m) along the
depositional strike is thought to be mainly the result
of differential tectonic subsidence.
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