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Abstract

Detailed facies analyses have been carried
out on the Triassic Skagerrak Formation on
core material from the Thisted-2 well, Den-
mark. Facies patterns in the sediments show
affinity to present day river models. The
informations are combined into a braidplain
model in which the proximal braidplain was
composed of featureless Platte-type

streams. Deeper South Saskatchewan-type
streams represented the intermediate braid-
plain. The distal braidplain was dominated
by ephemeral streams. Towards north and
northeast coalescing alluvial fans formed
the immediate connection to the source-
area, the Fennoscandian Shield.



Introduction

The Triassic Skagerrak Formation is defined
by Deegan & Scull (1977) on basis of petro-
physical logs. The type section is the Norwe-
gian well 10/8-1 in which the Skagerrak For-
mation is composed of interbedded sand-
stones, conglomerates and mudstones. The
reference section (Norwegian well 17/10-1)
is dominated by sandstones. Further infor-
mation on the lithology of the Skagerrak
Formation within the Norwegian-Danish
Basin has been presented by Berthelsen
(1980), Jacobsen (1980) and Pedersen &
Andersen (1980).

The depositional environment of the Ska-
gerrak Formation was a continental alluvial

plain with deposition of interbedded sand-
stones, conglomerates and mudstones on
marginal alluvial fans (Deegan & Scull
1977). Downstream the alluvial fans were
replaced by sandy braided streams forming
huge braidplains (Pedersen & Andersen
1980). The sandy braidplain deposits have
previously been referred to as Bunter Sand-
stone Formation (Pedersen & Andersen
1980) and transitional to Skagerrak Forma-
tion (Berthelsen 1980). Nielsen (1982) and
Frandsen (1983) conclude, however, that
the sandy braidplain deposits should be re-
ferred to as Skagerrak Formation.



General

The Thisted-2 well is located on the south- Frandsen 1983). This upper part extends to
ern flank of the Thisted salt pillow in north- a depth of 2666 m. Below 2666 m sand-

ern Jutland, Denmark (Fig. 1). The top of stones with only minor mudstone interbeds
the Skagerrak Formation was penetrated at (Frandsen 1983) constitute the lower part of
a depth of 1598.4 m (below rotary table). the Skagerrak Formation (Plate 1). Three
Total depth of 3287.3 m was reached in the cores were cut in the lower sandy part of the

Skagerrak Formation without penetrating Skagerrak Formation at depths from 2760.5
it. The top of the formation is defined by the m to 2766.2 m, from 2907.6 m to 2925.5 m
change from dominantly claystones and and from 3152.2 m to 3170.3 m (Plate 1).

mudstones typical of the Oddesund Forma- The core material is considered representa-
tion, to interbedded sandstones and mud- tive for the entire lower part of the Skager-
stones that characterize the upper part of rak Foramtion in the well, i.e. the interval

the Skagerrak Formation (Nielsen 1982, from 2666 m to 3287 m.
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Fig. 1. Location map. Thisted-2 and other wells and localities mentioned in the text are shown.
Palaeocurrents for Thisted-2 derived from dipmeter readings are indicated. The maximum extension
of the Skagerrak Formation at present is shown by dashed lines, compiled from Bertelsen (1980).



Investigations

The aim of the present study is a detailed
investigation of sedimentary facies, proc-
esses and palaeoenvironments of the Trias-
sic braidplains which laid down the unusu-
ally thick, apparently uniform sandy succes-
sion of the lower Skagerrak Formation.
The sediments from the three cores in
Thisted-2 consist predominantly of sand-
stones and classify as arkosic arenites. The
sandstones are pale red, well sorted (Fig. 2)
and dominantly large-scale cross-bedded.
Dark red intraformational mud clasts

hat
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abound throughout the sections, whereas in
situ dark red mudstone layers are scarce.
Dipmeter-logging has been carried out
and processed with search intervals of 1 m,
step length 0.5 m and search angle 45°.
Careful correlation of the processed dip-
meter-logs and the core material reveals
seven reliable palacocurrent readings from
large-scale cross-sets (facies Sp). The palae-
ocurrents are consistently towards south-
southwest (Fig. 1) which is in agreement
with the sediment transport directions sug-
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Fig. 2. Grain-size distribution (sieve analyses) in sandstone facies from the Skagerrak Formation.
(A-G) facies Sx, (H, 1) facies St, (J) facies Shil. The sandstones are generally well sorted.

8



Fig. 3. Facies Sp, large-scale planar cross-bedded sandstones, interpreted as linguoid bar deposits.
Tangentiality is seen as a downward flattening of foreset strata in the lower 10 cm (a) or the lower 2
cm (b) of the cross-set. Superimposed cross-laminated sets, facies Sr, are seen in (b). (c) two internal
discordancies in a cross-set, either formed during falling stage (cf. Jones 1977), or by reactivation (cf.
Collinson 1970). (d) Sp cross-set with a finer grained bottomset (bs) composed of parallel lamination
and cross-lamination. (e) a few inversely graded foreset strata (sandflows) in a Sp cross-set. (f) flat
intraformational mudclasts aligned parallel to the foreset strata.



gested by Pedersen & Andersen (1980).

The investigation was carried out by de-
tailed facies log analysis (scale 1:10) on well
preserved core material from the Thisted-2
well. All dips presented below are entirely
measured on the nonorientated cores. The
regional dip is 5°-8° towards south-south-
east.

Facies

Five facies types are recognized in the cored
intervals. The facies are defined by primary
sedimentary structures and lithology.

Facies Sp: Large-scale planar cross-
bedded sandstones

Description

Large-scale cross-bedded sandstones with
planar sets (Figs 3 & 4), is the most common
facies type forming 51% of the rock volume
(86 sets). The grain-size ranges from fine to
coarse sand, most sets being fine- to me-
dium-grained (250 pm). Intraformational
mudclasts occur in a large number of sets
(66%). The bases of individual sets are pla-
nar within the core diameter. The foresets
are mainly tangential (87%) or angular.
Tangentiality is commonly observed as an
upward change from base-parallel foresets
(toesets) to steeply inclined foresets (max.
36°), see Fig. 3a. In 30% of all sets the 2-10
cm thick toesets are finer grained than the
main part of the set (inverse grading). Only
9% of all sets exhibit normal grading. In
13% of the cross-sets the lower 2-15 cm of
the sets are sharply differentiated as bot-
tomsets, composed of small-scale cross-lam-
ination or parallel lamination (Fig. 3d). In-
dividual foreset cross-strata are usually
poorly defined. In less than 20% of the
cross-sets well-defined 1 mm-30 mm thick
cross-strata occur. The cross-strata are de-
fined by variations in grain-size, usually
within an order of one phi unit. About 5%
of the cross-sets exhibit a few normal graded
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Fig. 4. A thick large-scale planar cross-set, fa-
cies Sp, interpreted as a linguoid bar deposit.
Notice the straight character of the foreset strata
and tangentiality, seen as a flattening of foreset
strata in the lowermost part of the cross-set. A
flat intraformational mudclast (lag deposit) is
observed along the base of the set.

cross-strata, the grading occurring within
one phi unit and in 1 cross-set inverse grad-
ing of cross-strata occurs (Fig. 3e). The
thickness of individual cross-sets vary from
5 cm to 90 cm with a mean of 23 cm. Facies
Sp usually occurs as cosets with up to 13 sets
and only 15% of the cross-sets are solitary
sets. Five percent of all sets exhibit internal




low-angle discordance surfaces inclined in
the same direction as the cross-strata (Fig.
3c). Palacocurrent differences in superim-
posed cross-sets (Sp cosets) are very small

(Fig. 5).

Interpretation

The planar set contacts, the thickness of
individual cross-sets, the straight character
of foreset strata, commonly with tangential
toesets and small palacocurrent variations
in cosets point to an origin from straight-
crested or linguoid mesoforms (sensu Jack-
son 1975). Straightcrested megaripples, lin-
guoid bars, alternate bars and cross-channel
bars are common braided stream meso-
forms producing planar cross-sets (e.g. Col-
linson 1970, Smith 1970, Cant & Walker
1978, Crowley 1983). The dominance of co-
sets indicates a repetitive mesoform. The
most commonly occurring repetitive meso-
forms in braided streams are linguoid bars,
which are well described from the Tana
River (Collinson 1970) and from the Platte
River (Smith 1970, 1971, Blodgett & Stan-
ley 1980, Crowley 1983).

The dominance of tangential foresets in
which the toesets are often finer grained,
and the presence of bottomsets in several
cross-sets probably indicate high velocities
and high proportions of grainfall deposition
on the leesides of the bars (cf. Jopling
1965). The poor definition of foreset cross-
strata may also be explained by grainfall
deposition or continuous avalanching which
both imply high velocity and sediment trans-
port (cf. Allen 1982, Hunter & Kocurek
1986). Facies Sp is accordingly not of the
same kind which Hunter (1985) described as
typical subaqueous (fluvial) cross-bedding.
Hunter’s cross-strata, formed by intermit-
tent sandflows, were well-defined, usually
inversely graded and coarsening downdip,
and foresets were mostly angular. The less
common alternating coarser and finer cross-
strata in facies Sp were probably formed by
intermittent sandflows (coarser strata) and

READINGS
|
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DIFFERENCE IN DIP DIRECTION
Fig. 5. Palaeocurrent differences in superim-
posed Sp cross-sets within cosets. The bulk of
the readings lies in the interval 0°-10°, indicat-

ing very small differences in migration direction
of the bars.

grainfall (finer strata). Normal graded
cross-strata may be explained by outracing
of coarser grains by finer grains in sandflows
(cf. Hunter 1985).

The thickness of individual sandflow
cross-strata may reflect the height of the
slipface (Hunter 1985, Hunter & Kocurek
1986). By using the experimentally based
relation between slipface height (H) and
slipface advance per sandflow (Sa) (H =
Sa(0.060)"; Hunter & Kocurek 1986) and
assuming an original maximum slipface dip
angle of 30°, the height of the slipface can be
estimated:

H = (sin 30°)%(0.060)* T = 33.333 T

where T is the thickness of an individual
sandflow crossstratum. As the thickest
sandflow stratum observed is 3 cm the maxi-
mum height of the bars were probably about
1 m.

The internal discordances within some of
the cross-sets resemble the type B and C
erosion surfaces of Jones (1977). They may
therefore suggest deposition during moder-
ate to slow fall of discharge. Alternatively,
these discordances may reflect the reactiva-
tion of a bar (cf. Collinson 1970) or over-
taking by upcurrent bars during rapidly ris-
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Fig. 6. Facies St, large-scale trough cross-bedded sandstones, interpreted as lunate or sinuous-crested
dune deposits. Notice the concave-up set contacts and foreset strata (a,b,c). Superimposed cross-sets
show major differences in the dip directions (c) reflecting the curved shape of the bedform leesides.
(d) normal grading wedge-shaped crossstrata (sandflows).
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ing discharge (e.g. McGowen & Groat
1971).

Facies St: Large-scale trough cross-
bedded sandstones

Description

Large-scale trough cross-bedded sandstones
(Fig. 6) form 22% of the cored intervals (95
sets). The grain-size is usually about 250
um, varying within the fine and medium
sand classes. Intraformational mudclasts oc-
cur in a fair number of sets (36%). The
bases of individual sets are concave-up. The
foresets are concave or, rarely, tangential
and asymptotic to the base of individual
sets. The maximum dip of foresets is gener-
ally less than 20° with a rare maximum of
30°. Individual sets are nongraded with few
exceptions (5% inversely graded, 2% nor-
mal graded). Backflow crosslamination oc-
curs in 4% of the sets. Individual cross-
strata are usually poorly defined. In less
than 20% of the sets well-defined 1 mm-20
mm thick cross-strata occur, the figure be-
ing 1-5 mm thick. The well-defined cross-
strata are defined by variations in grainsize,
usually within an order of one phi unit. The
coarser cross-strata are commonly wedge-
shaped and occasionally normal graded
(Fig. 6d). The thickness of individual cross-
sets varies from 4 ¢cm to 28 cm, averaging 9
cm. Facies St almost exclusively occurs as
cosets with up to 15 sets. Within the cosets
the foreset dip directions always vary signif-
icantly, up to 90°.

Interpretation

The concave set contacts and foreset shape,
the variation in foreset dip direction within
cosets and the thickness of individual sets
are indicatives of large-scale trough cross-
bedding. Cosets of trough cross-sets are typ-
ically formed by trains of sinuous-crested or
lunate dunes (e.g. Harms et al. 1982). The
mean thickness of the trough sets (9 cm) is

smaller than the mean of planar set thick-
ness (23 cm). Thus it is likely that the dunes
were smaller bedforms than the linguoid
bars. This interpretation is supported by the
fact that the sandflow cross-strata in facies
St are thinner (max. 20 mm) compared with
facies Sp (max. 30 mm). Following Hunter
& Kocurek (1986) and assuming an original
maximum slipface dip angle of 30°, the max-
imum slipface height of the dunes reached
0.7 m.

Facies Sh/l: Parallel laminated sandstone
Description

Deposits are referred to as facies Sh/l when
the lamination in no part of a bed is steeper
than 20° and the lower contact is parallel to
the succeeding lamination.

Parallel laminated sandstones (Fig.
7a,b,c) form 15% of the deposits. The
grainsize ranges from 50 pum to 300 wum,
most beds being very fine- to fine-grained.
The sorting is good. The bases of beds are
planar and even or slightly scoured. The bed
thickness ranges between 2 cm and 255 cm,
the latter extreme rarely occurring. About
90% of Sh/l beds are less than 20 cm thick.
The lamination is distinct (95% of the beds)
and composed of 0.1 mm-3 mm thick lami-
nae (Fig. 8a). Continuous and discontin-
uous laminae usually alternate unsystemat-
ically within the beds though this feature
may be a function of the small core diame-
ter. No grading of individual laminae is ap-
parent. The dip of laminae is constant
within individual beds though an upward
decrease in dip-angle is observed in three
beds. In one of these three beds fining-up-
wards and a ripple form draped by the par-
allel lamination occur (Fig. 7c). Intraforma-
tional clasts occur in 30% of the beds, the
concentration of clasts is, however, com-
monly less than 5%.

One exceptionally thick bed (255 cm) is
observed in core 3. The true thickness is
uncertain, because the bed constitutes the
lowermost part of the core 3 interval. The
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Fig. 7. Facies Shil, Sr and F. (a) distinctly parallel laminated sandstone (upper plane bed), facies Shil,
overlain by cross-laminated sandstone, facies Sr. (b) indistinctly parallel laminated sandstone (upper
plane bed), facies Sh/l. (c) parallel lamination (suspension fall-out), facies Sh/l, draping a ripple
formset, facies Sr. (d) heterolith, facies F, composed of parallel laminated and cross-laminated
sandstones and mudstones with desiccation cracks. (e) irregular laminated heterolith, facies F.
Pseudo-cross-lamination formed by climbing adhesion ripples is shown by arrow. Crinckly lamina-
tion (adhesion warts) and bi-directional cross-lamination (wave ripples) are also seen. The heterolith
was deposited on the floodplain.
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lamination is ill-defined (Fig. 8b) and dips
7°-18°. The dip direction is constant
throughout the bed. The grain-size averages
300 um though the sorting is poor with a
range from 100 p to 500 um throughout the
bed.

Interpretation

Parallel lamination in very fine to medium-
grained sandstones has been attributed to
several different mechanisms (e.g. Reineck
& Singh 1980). However, deposition on up-
per flow regime plane beds is favoured (e.g.
Harms & Fahnestock 1965, Bridge 1978,
Cheel & Middleton 1986). The abundant
erosive bases of facies Sh/l beds and pres-
ence of intraformational clasts in several
beds indicate an upper flow regime origin of
the facies. The occurrences of upward de-
creasing dip-angles, associated with fining-
upwards and ripple-drapes in one bed, point
to sedimentation of this bed from suspen-
sion clouds rather than traction mechanisms
(cf. Gustavson et al. 1975). The measured
dips of lamination in facies Sh/l, up to 20°, is
considered partly to be a function of the
regional dip. The regional dip is 5°-8°
whereas the original depositional dip of the
parallel lamination is interpreted to be less
than 15°. The very thick parallel laminated
sandstone bed in core 3 shows a dip in the
same direction as the regional dip (both
measured from dipmeter logs). The maxi-
mum depositional dip of the lamination in
this bed accordingly was 10°-13°.

Facies Sr: Cross-laminated sandstones
Decription

Cross-laminated sandstones (Fig. 3b, 7a,c)
constitute 5% of the cored intervals. The
grain-size range is very fine to medium sand
and the sorting is generally good. The cross-
lamination occurs in unidirectional cosets of
1 cm to 3 cm thick wedge- and trough-
shaped sets. Occasionally formsets are pre-

served (Fig. 7¢). The foreset stratification is
usually distinct and individual strata are 1
mm to 3 mm thick. The foresets are always
concave. Intraformational clasts are rare.

Interpretation

The small wedge- to trough-shaped cross-
sets reflect deposition from migrating small
sinuous-crested current ripples (e.g. Harms
1975). They are indicative of low energy
currents, i.e. the lower part of lower flow
regime.

Facies F: Mudstones, siltstones and
heteroliths

Description

Mudstones, siltstones and heteroliths (Fig.
4d,e) constitute only 4% of the cores. Thin
solitary mudstone and siltstone beds are 1
mm to 10 cm thick and parallel laminated.
In one of these beds desiccation cracks are
observed. Three heterolithic intervals oc-
cur, ranging in thickness from 15 cm to 106
cm. The heteroliths are characterized by
very irregular thin beds (mm to cm scale)
and highly varied lamination types (Fig.
7d,e). The sandy beds consist of unidirec-
tional and bidirectional cross-lamination,
parallel lamination, crinckly parallel lami-
nation and pseudo-cross-lamination (cf.
Hunter 1973) (Fig. 7¢). The mudstones and
siltstones occur as millimetre thick drapes or
as intraformational clasts. Desiccation
cracks are common (Fig. 7d).

Interpretation

Facies F represents the lowest energy level
in the cored interval. Thin solitary mud-
stone and siltstone beds probably formed by
suspension fall-out in temporarily aban-
doned channels. Desiccation cracks indicate
complete drying out of the channels. The
heterolithic intervals may also reflect aban-
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Fig. 8. (a) intraformational clasts in large-scale
trough cross-bedded sandstone (St). (b) de-
formed bedding in the upper part of a flood
controlled depositional unit.

doned channels, inundated by several flood
incursions. The 106 c¢m thick heterolith, in
which crinckly lamination and indistinct
pseudo-cross-lamination is observed (Fig.
7e) was, however, probably formed on a
floodplain. When the floodplain was inun-
dated parallel laminated and unidirectional
crosslaminated sand was deposited. At re-
cession of the floods muds and silts were
deposited. These were ultimately desiccated
upon drying out and were sometimes re-
worked by later floods. Wind activity re-
sulted in wave motion in ponded areas of
the floodplain and created wave ripples with
bidirectional cross-lamination. When the
wind blew across damp surfaces crinckly
parallel lamination and pseudo-cross-lami-
nation was formed by adhesion-warts and
-ripples, respectively (cf. Hunter 1973,
1980, Kocurek & Fielder 1982).

16

Miscellaneous features

Intraformational mud clasts abound in fa-
cies Sx and St (Fig. 8a). The clast size varies
from 2 mm to a maximum of 8 cm. The
clasts are usually angular and flat (typical
ratio 10:1) though rounded clast of more
equant dimensions also occur. The clasts are
usually aligned parallel to the foreset strata
and scattered throughout a cross-set but
also occur as lags. The abundance of in-
traclasts indicates that facies F probably was
more abundant in the depositional environ-
ment than actually noted. The preservation
potential was, however, low.

Extraformational clasts are rare. Only six
granule size granitic clasts of subangular to
wellrounded character are observed, all oc-
curring in core 3.

Deformed bedding (Fig. 8b) is very com-
mon in core 1 (4 observations) but rare in
core 2 (1 observation) and absent in core 3.
The deformed sandy beds usually occur im-
mediately above or below a scoured surface
or below a fine-grained bed (very fine sand-
stone or facies F). Some of the structures
resemble water escape structures whereas
others resemble convolute bedding. The de-
formations reflect liquefaction and pore-wa-
ter expulsure and indicate high sedimenta-
tion rates (Middleton & Hampton 1976, Al-
len 1977). Massive beds (5 observations)
probably formed in a similar manner (cf.
Middleton & Hampton 1976).

Facies organization and
depositional environment

The facies distribution in the three core-
intervals is shown in table 1. The most re-
markable features are the dominance of fa-
cies Sp in all the cores, the abundance of
facies St in core 2, the presence of extrafor-
mational clasts and frequency of facies Sh/l
in core 3 and the scarcity of facies F in core
2. In the following each core will be exam-
ined in more detail in respect to the facies
distribution and sequences.




Table 1. Facies distribution (%)

Facies | Core 1 | Core 2 | Core 3 | Total
Sp 51 54 50 51
St 20 31 14 22
Sh 2 8 27 15
Sr 6 7 3 5
F 13 <1 6 4

Core 3; 3152,2 m-3170,3 m

Core 3 is characterized by an apparently
unsystematic interbedding of facies types
(Fig. 9). This feature combined with the
dominance of facies Sp seem to indicate a
Platte-type braided stream origin (cf. Smith
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1970, 1971, Collinson 1970, Miall 1977,
Blodgett & Stanley 1980, Crowiey 1983).
This type of braided stream is characterized
by low relief bed topography (<3 m) and a
dominance of linguoid bars (Fig. 1la).
Deeper channels, which tend to be occupied
by trains of duncs, are only minor constitu-
ents of Platte-type streams (Miall 1985).
Dunes are also superimposed on the top of
linguoid bars (cf. Collinson 1970, Crowley
1983) but the preservation potential of these
dune deposits is considered low. This prob-
ably explains why facies St is much less com-
mon than facies Sp in core 3 and when this
facies occurs it tends to form cosets.

Facies Sh/l and facies F are supposed to
represent floodplain deposits, the former

CORE 3
PLATTE-TYPE
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Fig. 9. Facies logs from the three cores in Skagerrak Formation, Thisted 2. Sedimentation units,
which are generally fining-upwards, are indicated. F: flood controlled sedimentation unit. S: sand
flat sequence. C: channel fill sequence. Core 1 is interpreted as ephemeral stream deposits, core 2 as
South Saskatchewan-type deposits and core 3 as Platte-type deposits.
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being laid down close to the channels, the
latter being deposited in more sheltered
parts of the floodplain.

Characteristic facies sequences are not
developed in core 3. A number of thin
(<1.5 m) fining upward sequences are,
however, recognized (lettered F in Fig. 9).
These sequences are supposed to reflect in-
dividual flood episodes. Depending on the
interpretation of the internal discordancies
these surfaces are included (cf. Jones 1977)
or form the base of the sequences (reactiva-

MINOR CHANNEL =

sh/l

SAND FLAT TOP i

w

r

SAND FLAT |-
ACCRETION

IN CHANNEL |
DEPOSITION [=

o}

—m ]
T
SAND
Fig. 10. Sand flat sequence (S18 from Fig. 9).
The sequence reflects the development of a sand
flat similar to the sand flat construction in the
South Saskatchewan River (cf. Cant & Walker

1978).
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tion surfaces, cf. Collinson 1970, MgGowen
& Groat 1971) in sequence F3 and F5 (Fig.
9).

Core 2; 2907,6 m-2925,5 m

The sediments in core 2 are characterized by
an abundance of fining upward sequences
(Fig. 9). By comparison with the hypotheti-
cal sequences erected by Cant and Walker
(1978) for the South Saskatchewan River
three sequence types can be distinguished, a
sand flat type (S), a channel type (C) and a
flood controlled type (F).

Type S is most completely represented by
S18 (Fig. 10). Trough cross-bedded channel
deposits are here overlain by a coset of pla-
nar cross-sets, which probably reflect the
growth of a sand flat by superimposed bars.
Facies St, Sr and Sh/l represent the finer
grained sand flat top deposits, which consti-
tute the final stage of sand flat development
and associated dissection by minor chan-
nels. In sequence S9 (Fig. 9) the sand flat
deposits (cosets of Sp) have been cut by a
small channel floored by dunes (facies St).
The sand flat has, however, subsequently
been reestablished (upper Sp coset and Sh
interbed), though sand flat top deposits are
not preserved.

Sequence type C differs from type S in the
absence of facies Sp cosets and thus indi-
cates that sand flat development did not
take place. Sequence C8 reflect channel ag-
gradation entirely by dunes (facies St). In
contrast sequence C10 reflects the migration
of a linguoid bar in a newly established
channel and subsequent channel abandon-
ment (fining upward Sh/l channef fill).

The third sequence type (F) is fining up-
wards on a very small scale (<1 m) and is
interpreted in terms of flood controlled sed-
imentation.

The sediments in core 2 reflect a high
relief topography (channel incision) com-
pared to core 3 (Fig. 11b). The thickness of
individual sequences of type S and C is an
estimate of the minimum relief, which ac-



cordingly was in the range of 1.5 m to 3.75
m. Relatively deep dune floored channels
were therefore rather common and facies St
thus occur more frequently than in core 3.

Core 1; 2760,5 m-2766,2 m

The sediments of core 1 differ from those of
core 2 and 3 mainly by their finer grain-size
the abundance of facies F and the frequency
of soft sediment deformations. Four se-
quences have been identified in core 1 (Fig.
9). These sequences are characterized by an
intraclast-strewn scoured base overlain by
cross-bedded sand (facies Sp or St) and a
thin cap of facies Sr and Sh or F. A signi-
ficant feature is the occurrence of deforma-
tion structures near the top of all the se-
quences. In sequence F21 the base also ex-
hibits  soft  sediment  deformation.
Noteworthy is also the presence of desicca-
tion cracks in the mudstone beds.

The fining upward sequences in core 1 are
interpreted as individual flood deposits.
Desiccated mudstone cappings are definite
signs of subaerial exposure of the stream

bed. The frequency of desiccated mud-
stones therefore indicates that the discharge
was more ephemeral than recorded from
core 2 and 3. The deformation structures
may in this context be interpreted as formed
due to rapid discharge changes. A rapid fall
of discharge at the recession of a flood can
result in high rates of sedimentation and
consequently liquefaction of the falling
stage deposits. Such falling stage deforma-
tions have previously been described from
the Bijou Creek 1965 flood deposits by
McKee et al. (1967). Rapid channel cutting
and sediment dumping is supposed to have
initiated the deformation of the lower part
of sequence F21. Core 1 is interpreted as
representing the model 11 of Miall (1985),
the distal braidplain, where ephemeral run-
off forms a network of shallow, interlacing,
poorly defined channels (Fig. 11c). Modern
examples have been described by Williams
(1971), Karcz (1972) and Sneh (1983). The
broad coarsening upwards and thickening
upwards of sequences in core 1 may reflect
the progradation of a segment of the braid-
plain.
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The sandy braidplain environment

Huge braidplains are not developed on the
present day earth surface, probably due to
the effect of increased vegetation cover, es-
pecially the appearance of grasses (cf.
Schumm 1968). Direct analogies can there-
fore not be found. Braidplains are, howev-
er, traditionally interpreted to change char-
acteristics in a downcurrent direction. The
three types of braidplain sedimentation re-
flected by the three core intervals (Fig. 11)
may therefore reflect the downcurrent
change of the Skagerrak Formation sandy
braidplain.

The gross fining upwards from almost
pure sandstones to interbedded sandstones
and mudstones in the Skagerrak Formation
(Plate 1) suggests a general retrogradation
of the alluvial system. An upward change
from proximal to distal deposits is accord-
ingly suspected in the core material from
core 3 (lowermost core interval) to core 1.
The Platte-type sediments in core 3 are
therefore interpreted as proximal sandy
braidplain deposits. The South Saskatche-
wan-type sediments in core 2 are inter-
preted as intermediate braidplain deposits
whereas the ephemeral stream deposits -in
core 1 represent the distal braidplain envi-
ronment. According to Miall (1985) the dif-
ference between Platte-type streams and
South Saskatchewan-type streams may be
caused by greater stage fluctuations in the
latter type. This argument is applied to the
Skagerrak Formation braidplain because
great discharge variations are suspected in a
transitional zone between proximal streams
with constant high discharges (Platte-type)
and true ephemeral streams in the distal
part of the braidplain.

Previous work on the Skagerrak Forma-
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tion by Pedersen and Andersen (1980), on
core material from the Mors-1 and Gas-
sum-1 well (Fig. 1), concluded that no cyclic
facies sequences were developed after a test
by Selley’s (1970) method. It is, however,
apparent from the published sections (Pe-
dersen & Andersen 1980, their Fig. 3) that
fining upward sequences resting on mud-
clast strewn erosion surfaces are common in
Gassum-1. The sequences are typically less
than 1 m thick and usually exhibit upward
transitions from large-scale cross-bedding to
small-scale cross-lamination or parallel lam-
ination. These sequences thus resemble the
supposed flood controlled (ephemeral) se-
quences in core 1, Thisted-2. In contrast
Mors-1 shows no systematic lithological or
facies trends and is almost entirely com-
posed of large-scale cross-bedding (Peder-
sen & Andersen 1980, their Fig. 2). These
sediments resemble the Platte-type deposits
recognized in core 3, Thisted-2.

The core material covers most of the Ska-
gerrak Formation in Gassum-1 and is re-
garded as representative for the formation
at Gassum. The downcurrent position of
Gassum-1 (Fig. 1) suggests that these
ephemeral stream sediments are distal
braidplain deposits. The core material from
Mors-1 probably correlates to core 3 in
Thisted 2 (cf. Nielsen 1982). The distance
between the two wells is 20 km and thus the
similarity between the two wells is not sur-
prising. It shows, however, that a specific
part of the braidplain at a given time was
dominated by one specific stream type. The
interpretation of the three fluvial subtypes
as representing downcurrent changes of the
braidplain and not coexisting (within a lim-



Fig. 11. Environmental reconstructions of the Skagerrak Formation sandy braidplain. (a) proximal
braidplain with Platte-type streams. (b) intermediate braidplain with South Saskatchewan-type
streams. (c) distal braidplain with ephemeral streams. LB: linguoid bars. D: dunes. SF: sand flat.
MC: minor channel on sand flat. Flow is towards left. (Modified after Miall 1985).
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ited area) subenvironments seems therefore
justified.

According to Bertelsen (1980) interbed-
ded conglomerates, sandstones and mud-
stones in the northernmost Jutlandian wells
(Skagen-2, Frederikshavn-1, -2, -3) and in
Skéne, Sweden (Kagerod beds) are in-
cluded in the Skagerrak Formation. These
sediments probably represent deposition on
alluvial fans and may thus represent the
marginal part of the Triassic palaeoenviron-
ment.
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The Skagerrak Formation in Denmark
and Sweden thus represents an alluvial de-
positional environment with conglomeratic

. alluvial fans along the Fennoscandian Bor-

der Zone. Southwestwards the alluvial fans
graded into sandy braidplains with distinct
downcurrent changes from Platte-type
streams to South Saskatchewan-type
streams and finally ephemeral streams.



Depositional history

The Skagerrak Formation is Scythian (early
Triassic) to Norian (late Triassic) in age
when fully developed (Bertelsen 1980). In
early Triassic time the formation had its
maximum southwestward extension and
passed gradually into the Bunter Sandstone
Formation (Bertelsen 1980). In southern
Jutland (Tynder) the Bunter Sandstone For-
mation is dominated by ephemeral stream,
aeolian sandsheet and sabkha deposits
(Clemmensen 1985, Olsen 1987). The
ephemeral stream deposits were laid down
on terminal fans which represented the dis-
tal continuation of the Skagerrak Formation
braidplain (Olsen 1987). During middle
Triassic time the sandy braidplain gradually
retrograded towards northeast while in late
Triassic time a rapid displacement of the
Skagerrak Formation facies belts towards

north and east occurred (Bertelsen 1980).
The displacement of facies belts was accom-
panied by an overstepping of the Fennos-
candian Border Zone while a hypersaline
basin was developed towards southwest
(Bertelsen 1980).

The gradual upward change from Platte-
type through South Saskatchewan-type to
ephemeral stream deposits in the Thisted-2
well may be combined with the gradual ret-
rogradation of the Skagerrak Formation in
early to middle Triassic time. The gradual
retrogradation could result from low subsid-
ence rate in the basin and slow degradation
of the source area. The upward change to
interbedded sandstones and mudstones in
Thisted-2 may be combined with the dis-
placement of facies belts in the late Triassic.
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Conclusions

The Skagerrak Formation in North Jutland
was laid down on a huge braidplain, sourced
from the Fennoscandian Shield in the north
and northeast. The braidplain was linked to
a marginal coalescing alluvial fan environ-
ment towards the north and northeast. The
braidplain thus formed the major basinal
part of the Triassic continental palacoenvi-
ronment in the eastern part of the Norwe-
gian-Danish Basin. The proximal sandy
braidplain was composed of shallow Platte-
type streams. The intermediate part of the
braidplain was dominated by deeper South
Saskatchewan-type streams while the distal
braidplain was composed of shallow ephem-
eral streams. The Skagerrak Formation in
Thisted-2 probably reflects a gradual retro-
gradation of the braidplain through early to
middle Triassic time followed by a rapid ret-
rogradation in late Triassic time associated
with overstepping of the Fennoscandian
Border Zone.

24

Acknowledgements

The study was funded by the Danish Minis-
try for Energy to which my best thanks are
directed. DOPAS A/S is greatly acknowl-
edged for placing core material and petro-
physical logs at my disposal. The paper is
part of a lic.scient. study supervised by
L.B.Clemmensen. Technical assistance by
P.Andersen, O.B.Berthelsen, B.Dam-
gaard, B.S.Hansen, J.Lautrup and R.Mad-
sen is greatly acknowledged. The manu-
script benefitted from critical reviews by
L.B.Clemmensen, L.H.Nielsen, G.Krarup
Pedersen and S.Stouge to whom my best
thanks are directed.



References

Allen, J.R.L., 1977: The possible mechanics of con-
volute lamination in graded sand beds.
J.Geol.Soc.l.ond.34, 19-31.

Allen, J.R.L., 1982: Sedimentary structures: their
character and physical basis: Developments in
sedimentology No. 30B. Elsevier, Amsterdam,
663 pp.

Bertelsen, F., 1980: Lithostratigraphy and deposi-
tional history of the Danish Triassic. Danmarks
Geologiske Undersggelse, Seriec B, 4, Kaben-
havn.

Blodgett, R.H. & Stanley, K.O., 1980: Stratifica-
tion, bedforms, and discharge relations of the
Platte braided river system, Nebraska. J.Sed.Petr.
50, 139-148.

Bridge, J.S., 1978: Origin of horizontal lamination
under turbulent boundary layers. Sed.Geology
20, 1-16.

Cant, D.J. & Walker, R.G., 1978: Fluvial processes
and facies sequences in the sandy braided South
Saskatchewan River, Canada. Sedimentology 25,
625-648.

Cheel, R.J. & Middleton, G.V., 1986: Horizontal
laminae formed under upper flow regime plane
bed conditions. J.Geology 94, 489-504.

Clemmensen, L.B., 1985: Desert sand plain and
sabkha deposits from the Bunter Sandstone For-
mation (L.Triassic) at the northern margin of the
German Basin. Geologische Rundschau 74, 519-
536.

Collinson, J.D., 1970: Bedforms of the Tana River,
Norway. Geografiska Annaler 51A, 31-56.

Crowley, K.D., 1983: Large-scale bed configura-
tions (macroforms), Platte River Basin, Colorado
and Nebraska: Primary structures and formative
processes. Bull.Geol.Soc.Am. 94, 117-133.

Deegan, C.E. & Scull, B.J. (compilers) 1977: A
proposed standard lithostratigraphic nomencla-
ture for the Central and Northern North Sea.
Rep.Inst.Geol.Sci. No. 77/25, 36 pp.

Frandsen, N., 1983: Thisted-2 Summary Report. In-
ternal report, DGU.

Gustavson, T.C., Ashley, G.M. & Boothroyd, J.C.,
1975: Depositional sequences in glaciolacustrine
deltas. In: Glaciofluvial and lacustrine sedimenta-
tion. Soc.Econ. Paleont.Miner., Spec.Publ. no.
23, 264-280.

Harms, J.C., 1975: Stratification produced by mi-
grating bedforms. In: Depositional sedimentary
structures and stratification sequences. Soc.Econ-
.Paleont.Miner., Short course no. 2, Dallas,
45-62.

Harms, J.C. & Fahnestock, R.K., 1965: Stratifica-
tion, bed forms and flow phenomena (with an
example from Rio Grande). In: Middleton, G.V.,
ed., Primary Sedimentary Structures and their
Hydrodynamic Interpretation: Soc.Econ.Paleont-
Miner. Spec.Publ. No.2, 84-115.

Harms, J.C., Southard, J.D. & Walker, R.G., 1982:
Structures and sequences in clastic rocks. SEPM
short course no. 9. Soc.Econ.Paleont.Miner.,
Calgary, 2-1-3-51.

Hunter, R.E., 1973: Pseudo-crosslamination formed
by climbing adhesion ripples. J.Sed.Petr. 43,
1125-1127.

Hunter, R.E., 1980: Quasi-planar adhesion strat-
ification—an eolian structure formed in wet sand.
J.Sed.Petr. 50, 263-266.

Hunter, R.E., 1985: Subaqueous sand-flow cross
strata. J.Sed. Petr. 55, 886-894.

Hunter, R.E. & Kocurek, G., 1986: An experi-
mental study of subaqueous slipface deposition.
J.Sed.Petr. 55, 387-394.

Jackson, R.G., 1975: Hierarchical attributes and a
unifying model of bed forms composed of cohe-
sionless material and produced by shearing flow.
Bull.Geol.Soc. Am. 86, 1523-1533.

Jakobsen, K.H., Hamar, G.P., Ormaasen, O.E. &
Skarpnes, O., 1980: Triassic facies in the North
Sea north of the Central Highs. N.P.F. The sedi-
mentation of the North Sea Reservoir Rocks.
Geilo, XVIII, 1-10.

Jones, C.M., 1977: Effects of varying discharge re-
quires on bed-form sedimentary structures in
modern rivers. Geology 5, 567-570.

Jopling, A.V., 1965: Hydraulic factors controlling
the shape of laminae in laboratory deltas. Jour.Se-
dim.Petrol. 35, 777-791.

Karcz, 1., 1972: Sedimentary structures formed by
flash floods in southern Israel. Sedimentary Geol-
ogy 7, 161-182.

Kocurek, G. & Fielder, G.982: Adhesion structures.
J.Sed. Petr. 52, 1229-1241.

25



McGowen, J.H. & Groat, C.G., 1971: Van Horn
Sandstone, West Texas: an alluvial fan model for
mineral exploration. Report of investigations v.
72, p. 57. Bureau of Economic Geology, Univ. of
Texas, Austin.

McKee, E.D., Crosby, E.J. & Berryhill, H.L.,
1967: Flood deposits, Bijou Creek, Colorado.
June 1965. Jour.Sediment.Petrol. 37, 829-851.

Miall, A.D., 1977: A review of the braided river
depositional environment. Earth-Science Review
v.3, 1-62.

Miall, A.D., 1985: Architectural-element analysis:
A new method of facies analysis applied to fluvial
deposits. Earth-Science Reviews 22, 261-308.

Middleton, G.V. & Hampton, M.A., 1976: Sub-
aqueous sediment transport and deposition by
sediment gravity flows. In: Stanley, D.J. & Swift,
D.J.P., eds, Marine sediment transport and envi-
ronmental management, Wiley-Intersci.Publ.
New York, 197-218.

Nielsen, B.L., 1982: Thisted-2. Comment on the
Triassic lithostratigraphic nomenclature. Internal
report, D.O.N.G.

Olsen, H., 1987: Ancient ephemeral stream depos-
its: a local terminal fan model from the Bunter
Sandstone Formation (L.Triassic) in the Tender-3,
-4 and -5 wells, Denmark. In: Frostick, L. & Reid,
1., eds, Desert sediments: Ancient and modern.
Special publication of the Geological Society of
London no 35, 69-86.

26

Pedersen, G.K. & Andersen, P.R., 1980: Deposi-
tional environments, diagenetic history and
source areas of some Bunter Sandstones in north-
ern Jutland. Danmarks Geologiske Undersggelse,
Arbog 1979, 69-93.

Reineck, H-E. & Singh, I.B., 1980: Depositional
sedimentary environments. With reference to Ter-
rigenous clastics. Springer-Verlag, Berlin, Heidel-
berg, New York, p. 549.

Schumm, S.A., 1968: Speculations concerning pale-
ohydrologic controls of terrestrial sedimentation.
Bull.geol.Soc. Am. 79, 1573-1588.

Selley, R.C., 1970: Studies of sequences in sedi-
ments using a simple mathematical device.
Q.Jl.geol.Soc.Lond. 125, 557-581.

Smith, N.D., 1970: The braided stream depositional
environment: Comparison of the Platte river with
some Silurian clastic rocks, north-central Appa-
lachians. Bull.Geol.Soc.Am. 81, 2992-3014.

Smith, N.D., 1971: Transverse bars and braiding in
the lower Platte River, Nebraska. Bull.Geol.So-
c.Am. 82, 3407-3420.

Sneh, A., 1983: Desert stream sequences in the Si-
nai Peninsula. Journal of Sedimentary Petrology
53, 1271-1279.

Williams, G.E., 1971: Flood deposits of the sand-
bed ephemeral streams of central Australia. Sedi-
mentology 17, 1-40.



Geological Survey of Denmark sand
COMPOSITE LOG —
D.G.U. 1982 sitt
Clay / Claystone
well THISTED 2
OGU. Fite No_30.793
Location 56°57' 55.97"N
8°42' S6.7°E
Elevation GL +208m
RT +355m [+ |  Limestone and dolomite
Total depth 32073m b RT | o] st
Date spudded 1962-01-12 Albinus Christionsen
1962-02-04 DEUTAG
1.0 reached 002-03-23 kxxxx  Anhydrite
Oparator D.0.NG. {Dansk Olie og Naturgas}
Rig Ideco BIR 8085 Rambler - modified derrick and substructure
Geological services DG.U
Mud logging Gearhart Geodata -Services Ltd 5 with recovery
Wireline togging  DGU™ 0-221mb RT without recovery
Welex: 221m - T.0 3‘3:".:!25.‘3’,'
without recovery
Compiled by 4 Casing shoe
N Frandsan -
00 100 m
GAMMA  RAY INTERVAL TRANSIT TIME

MICROSECONDS PER F0OT

9 APL TS 130

SKAGERRAK FORMATION

- za00

it
% Z
1

200

e

e

o
3

288(1.0.)

SKAGERRAK FORMATION







	68_0001.JPG
	68_0002.tif
	68_0003.tif
	68_0004.tif
	68_0005.tif
	68_0006.tif
	68_0007.tif
	68_0008.tif
	68_0009.tif
	68_0010.tif
	68_0011.tif
	68_0012.tif
	68_0013.tif
	68_0014.tif
	68_0015.tif
	68_0016.tif
	68_0017.tif
	68_0018.tif
	68_0019.tif
	68_0020.tif
	68_0021.tif
	68_0022.tif
	68_0023.tif
	68_0024.tif
	68_0025.tif
	68_0026.tif
	68_0027.tif
	68_0028.tif
	68_0029.tif
	68_0030.tif
	68_0031.tif
	68_0032.tif
	68_0033.tif



