38

Heinesen, M. 1987: Nedre tertire basaltbreccier og under-
vands-lavastrgmme, sydlige Disko, Vestgrgnland: Struktu-
relle, petrografiske og mineralogiske studier. Unpublished
cand. scient. thesis. Kgbenhavns Universitet.

Koch, B. E. 1959: Contribution to the stratigraphy of the
non-marine Tertiary deposits on the south coast of the Niigs-
suaq Peninsula, northwest Greenland. Bull. Grgnlands geol.
Unders. 22 (also Meddr Grgnland 162,1) 100 pp.

Larsen, L. M. & Pedersen, A. K. 1988: Investigations of

K30, _

Institut for Landmaling og Fotogrammetri,
Danmarks Tekniske Hgjskole,
Landmdlervej 7,

DK-2800 Lyngby,

Denmark.

Tertiary volcanic rocks along the south coast of Niigssuaq
and in eastern Disko, 1987. Rapp. Grgnlands geol. Unders.
140 (this report).

Pedersen, A. K. 1985: Lithostratigraphy of the Tertiary Vaigat
Formation on Disko, central West Greenland. Rapp. Grgn-
lands geol. Unders. 124, 30 pp.

Pedersen, A. K. & Larsen, L. M. 1987: Early Tertiary volcanic
rocks from eastern Disko and south-eastern Nigssuaq.
Rapp. Grgnlands. geol. Unders. 135, 11-17.

A. K. P,

Geologisk Museum,
Dster Voldgade 5-7,
DK-1350 Copenhagen K,
Denmark.

Examples of bar accretion in fluvial sand, the Atane Formation,
eastern Disko, West Greenland

Gunver Krarup Pedersen and Morten Willaing Jeppesen

The aim of the present paper is to supply additional
sedimentological observations and to add new details to
the existing interpretation of the Atane Formation on
eastern Disko. Examples of epsilon cross-bedding re-
flect formation of point bars and indicate intermittent
development of sinuous channels in the coarse-grained
braided river. Large tabular sets of planar cross-bedding
are interpreted as transverse bars and the coalescence of
two such bars are discussed in detail. The field work was
carried out during five days in July 1987 as part of a
sedimentological research project supported by GGU
and financed by SNF.

Background

White to pale yellow, slightly consolidated sand is
widely exposed on eastern Disko below the Tertiary
volcanic rocks. The sand was deposited in 10-40 m thick
sequences capped by relatively thin clay horizons and
eventually by coal seams. Palaeobotanical studies of
these indicate a late Cretaceous age (Miner, 1932) and
the sand is referred to the Atane Formation (Henderson
et al., 1976).

Johannessen & Nielsen (1982) and Bennike et al.
(1981) studied the Atane Formation at Pingo and Skan-
sen (fig. 1) and suggested deposition by a sandy braided
river. They based their interpretation on the predom-
inance of current-generated sedimentary structures, the
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unimodal palacocurrents and the lack of channel aban-
donment or classical, fining-upwards point bar se-
quences characteristic of meandering rivers. The
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Fig. 1. Location map, showing the distribution of the Cretace-
ous sediments in the Nigssuaq Embayment and the localities
where the fluvial sediments have been studied.
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Fig. 2. A brief summary of the
sedimentary facies of the Gule
Ryg area accompanied by two

vertical logs measured through
exposures adjacent to those of
figs 4 and 6. The lithofacies de-
nominations of Miall (1977) have
been used.

210m

palaeogeography of the northward flowing river is il-
lustrated by Surlyk (1982).

Miall (1977, 1978) grouped braided rivers into six
types of which the Platte type is characterized by an
abundance of linguoid (transverse) bar and dune depos-
its, lack of well-developed cyclicity, and by a predom-
inance of sand-sized sediment. The South Saskatchewan
type is dominated by trough cross-bedded sand and
characterized by thinning- and fining-upward cyclic se-
quences. Conceptual models of the distribution of bed-
forms and macroforms within these two types of rivers
are illustrated as models 9 and 10 by Miall (1985). One
or both of these models may encompass the Cretaccous
sand of the Gule Ryg area.

Observations

Our observations show that vertical sequences are
highly variable and fining-upward trends are weak and
generally restricted to the upper 2-3 m below laterally
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-Fm_ Facies Description Interpretation
s Sm Coarse-grained, Rapid deposition from
5 poorly sorted decellerating current.
?p; structureless sand. Poseibly chanel floor
(association with St1
m at 210 m and pebble
r lag at 245 m).
Rl
5t 1 Medium- to coarse—
_Sp_i ~grained, locally pebbly
-S—LT sand with indistinct
=il cross strata. Troughs
are 10-20 cm deep and up Dunes migrating within
Sp2 to 100 cm wide. channels or super=-
512 imposed on bars or
sSt1 5t 2 Medium-grained sand sandflats (Miall,
with distinct cross 1977; Cant & Walker,
strata. Troughs are 1976).
generally 8-10 cm deep
and 30-50 cm wide.
_;‘_; sp 1 Solitary sets of planar Transverse bar.
def. tabular cross strata,
often 50-150 cm thick.
—— Facies 1, see text.
%;2 Sp 2 Medium- to very Trains of straight
}-’ﬂ- coarse—-grained sand crested sandwaves
Se with tabular angular migrating across
St2 cross strata. Individoal sandflats (Johannesen
“SF beds are 10-40 cm thick & Nielsen, 1982).
— and form cosets up to
1 5-6 m thick.
-3_9_ Se Epsilon cross Point bar.
— stratification.
del
Facies 3, see text.
Sto Sr Cross laminated Eine- Low energy subenvir.,
to medium-grained slough channels,
-— sand, current top of sand flat,
sp1 generated structures, lower point bar.
% S def  Soft sediment Deformation of
Sm deformation ranging from liquefied sediment

oversteep £

to intricate slump folds.

d by water
escape (Plint, 1983).

persistent beds of silt, shale and thin coal seams (fig. 2).
These horizons of fine-grained sediments delineate
stages in vertical accretion of the fluvial system and
range as third order bounding surfaces in the classifica-
tion of Allen (1983) and Miall (1985). The sedimentary
facies described by Johannessen & Nielsen (1982) are
all recognized at Gule Ryg but occur in different pro-
portions. A summary of the sedimentary facies is given
in fig. 2, and only the transverse bar (facies 1 and 2) and
the point bar (facies 3 and 4) are described below in
greater detail and illustrated in figs 3, 4, 5 and 6.

Transverse bar

Facies 1: transverse bar front (figs 3, 4). Facies 1 com-
prises solitary tabular sets, (D) and (F), of large-scale
cross-bedded, medium-grained sand with planar, tan-
gential foresets. The foreset laminae are 1-2 cm thick,
normally graded up-dip, while grading across individual
foresets is insignificant. Large variations in grain size
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Large scale lrough cross strata *.. Palaesocurrent

Medium —— _— (F) Depositional unit
Large scale planar —— == Pebbly sand

E Cross lamination

are, however, found between successive foreset lami-
nae. Some of these pinch out halfway down the slip-face
and some are lenticular in cross section similar to the
subaqueous grain flows discussed by Hunter (1985).
The down-dip increase in grain size is especially pro-
nounced in G, where the cross strata are seen to have
sharp, locally lobate toes, which strongly point to depo-
sition from avalanching. Coal debris is locally accumu-
lated at the base of foresets. Reactivation surfaces are
rare.

Topset strata are neither preserved in D, which is
truncated upwards by a Quaternary erosion surface, nor
in F which is cut by small scours and erosively overlain
by a thin wedge of pebbly sand succeeded by cosets of
tabular cross-bedded sand (fig. 3). Both D and F
formed through lateral accretion on a core of trough
cross-bedded sand which was an erosional remnant of
slightly older deposits. Adjacent to the cores the fore-
sets are oversteepened and slightly deformed by small
slump folds (fig. 4).

Facies 2: bottom sets of the bar (figs 3, 4). Facies 2
comprises parallel-bedded, medium-grained sand with a
low angle of dip denoted by C. The beds are ¢. 5 cm
thick and form the continuation of the foreset laminae
of D (fig. 4). Cross laminated intrabeds show ripple
migration obliquely towards the slip face of the bar.
This cross-lamination was produced by a subordinate
current, similar to the low stage flow discussed by Col-
linson (1970) and Hobday et al. (1981).

Fig. 3. Section through two trans-
verse bars. Note the systematic
change in palacocurrent direc-
tions in F which indicate that the
front of the bar was lobate.

Soft sediment deformation

Interpretation. Facies 1is interpreted as avalanche depo-
sition on the slip face of a bedform similar to the trans-
verse, linguoid or cross-channel bars discussed by Col-
linson (1970), Smith (1971), Cant & Walker (1978),
Miall (1977), Hobday et al. (1981). The systematic
change in foreset orientation, indicating palacocurrents
from 310° to 240° in (F) (fig. 3), indicate that the bar
front was lobate.

Figure 3 shows that the two bars F and D formed
simultaneously. F migrated across the bottom sets C of
D, but F was finally overlain by G which succeeded D
(figs 3, 4). The coexistence of two bars support the
interpretation of the bar front of F as lobate, because
linguoid transverse bars are reported to occur in large
fields in recent rivers (Collinson, 1970, Blodgett & Stan-
ley, 1980).

The scarcity of reactivation surfaces may indicate that
the discharge was relatively stable or that the bedform
migrated more rapidly than fluctuations in discharge
occurred, Oversteepened foresets and the small-scale
slump deformations are compatible with rapid deposi-
tion during high-flow stage (Plint, 1983).

Reactivation surfaces were, however, generated
where one transverse bar was overtaken by its successor
(Johannessen & Nielsen, 1982, fig. 13e, f). Repetitive
reactivation surfaces of this type were also seen at Gule
Ryg, but appear here to be restricted to smaller bars
(slip faces 50-60 cm high). A similar pattern of reactiva-
tion surfaces is described from mid-channel bars by
Haszeldine (1983).

Fig. 4. Details of fig. 3 showing

slip face strata D, bar bottomsets -

C and a core of older sediment B.
The trough cross-bedding of B
was distorted through water es-
cape liquefaction prior to deposi-
tion of D. The foreset strata of D

are oversteepened adjacent to B

indicating continued plastic de-
formation. Same signature as fig,
3
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Fig. 5. Point bar intercalated between two transverse bars. A: transverse bars. B: epsilon cross-bedding. C: proximal part of facies
4. D: distal part of facies 4. Palacocurrents of the depositional units are plotted for comparison.

Hobday et al. (1981) reported small scour channels on
top of transverse bars and interpreted them as low stage
dissection during partial emergence of the bar. Similar
scours are seen in F (fig. 3) and in fig. 5.

Both bars are seen to have evolved through lateral
accretion on cores of slightly older, trough cross-bedded
sand (facies St2, units B and E, fig. 3). This supports the
interpretation (Johannessen & Nielsen, 1982) of the
river as characterized by frequent shifts between
flooded or partially emergent bedforms.

Point bar

Facies 3: epsilon cross-bedding (figs 5, 6). Facies 3 con-
sists of large-scale, gently dipping, planar cross-bedded,
medium- to coarse-grained sand. The foreset laminae
are 2-5 cm thick and normally graded across. Coal clasts
of 1 cm are accumulated in the bottomsets. The unit
contains several reactivation surfaces separating 15-20
cm thick bundles of foresets. The upper terminations of
the foresets show offlap, while their lower terminations
downlap on the channel floor or interfinger with facies
4. The top of the foresets dip ¢. 15° while the tangential
bottom sets grade laterally into facies 4. In the upper
part some small scour channels are seen.

Facies 3 is interpreted as epsilon cross-bedding. The
lateral transition of facies 3 into facies 4 suggests a
morphology like the lower point bar of McGowen &

Fig. 6. Point bar complex show-
ing that the lateral sequence from
facies 3 to 4 shown in fig. 5 is
repeated.
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Garner (1970: fig. 4), though without associated chute
bars. The properties of facies 3 are also comparable to
those of the lateral accretion element or epsilon cross-
bedding proposed by Miall (1985).

Facies 4: cross-lamination of lower point bar (figs 5, 6).
The second depositional unit is built up by subhorizon-
tal, 510 cm thick sets of cross-laminated medium-
grained sand. The distal parts are comparable to the
trough fill and foreset cross-stratification of McGowen
& Garner (1970). In the proximal parts the sets become
steeper, while the intrasets show ripple migration across
the foresets of facies 3. Parallel laminae of sand are
interbedded with the cross-laminated sand and drape
the whole structure (fig. 5). The transitional zone be-
tween facies 3 and 4 is characterized by contortion of
the cross-bedding and obliteration of all the internal
small-scale structures. This feature is possibly related to
liquefaction during the rapid deposition (Levey, 1978).
Facies 4 was probably deposited in a lower point bar
environment similar to the deposition at low stage flow
conditions in the Amite and Colorado rivers (McGowen
& Garner, 1970).

Interpretation. The point bars are thought to have
formed under relatively quiet flow conditions in a ‘sec-
ondary meandering river’ between the emergent sand
flats in the braided river system.

= —

f 3

facies 3 =] facies 4
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Fig. 7. Palaeogeographical
sketch of the Nigssuaq Embay-
ment during deposition of the
Atane Formation. Modified from
Surlyk (1982). Palacocurrent di-
rections at Pingo, Gule Ryg and
Skansen suggest sediment influx
via an alluvial fan adjacent to the
fault which borders the basin. Di-
agrams A, B, C include the total
number of measurements, while
D, E, F illustrate orientation of
slip faces of facies 1. Diagrams
A, C, D, F are redrawn from
Bennike ef al. (1981) and Johan-
nessen & Nielsen (1982). A: n =
100,B:n=73,C:n=34,D:n=
79, E:n =25 F:n =27

Figure 6 illustrates repetition of the lateral sequence
composed of facies 3 and 4. The cyclic development of
the point bar reflects varying discharge within this lower
flood stage. Epsilon cross-strata represent maximum
discharge and the cross-laminated and parallel lamina-
ted sand formed during minimum discharge conditions.

Discussion

The presence of epsilon cross-bedding associated with
cross-lamination indicate deposition on point bars.
Classical point bar sequences (Allen, 1970) with pro-
nounced fining-upward trends and capped by overbank
mud and coal are, however, lacking. Neither are chan-
nel abandonment sequences found. Point bar devel-
opment was therefore presumably restricted to shorter
periods of low-flow stage when sinuous channels devel-
oped between emergent sand flats. These may have
been vegetated as comminuted plant debris is ubiqui-
tous.

Transverse bars are seen in association with sand flat
or point bar facies in figs 3 and 6. The former associ-
ation corresponds to the facies model of the South Sas-
katchewan River (Cant & Walker, 1978). This model
illustrates further the importance of channel floor depo-
sition (facies St) which has occurred frequently in the
sequence shown in fig. 2. The fluvial deposits in the
Gule Ryg area do, however, have less pronounced fin-
ing-upward trends and less fine-grained sediment than
has the South Saskatchewan model. Thin shale layers
locally associated with thin coal seams are laterally con-
tinuous over hundreds of metres at Gule Ryg and divide

the formation into 10-40 m thick sequences. Johan-
nessen & Nielsen (1982) found that transverse bars pre-
dominate in the Pingo area and that signs of exposure
are rare. They therefore concluded that the bars mi-
grated in a wide, shallow river which only developed a
braided channel pattern during low-flow stage.

Palaeocurrents

Palaeocurrent data from facies 1-4 are shown in de-
tail in figs 3 and 5, and are included in fig. 7. The large
spread in current directions is noteworthy, as is the lack
of easterly directions. Most measurements were made
of foreset orientations, and variations are found both
between and within facies. This wide range of local flow
directions indicates that the river was a multichannel
system at least during low-water stages where the flow
was channelled between metastable bars and sand flats.

The regional distribution of sedimentary facies within
the Cretaceous of the Niigssuaq Embayment shows flu-
vial sand on eastern Disko, delta-plain sand-shale-coal
in southern Nigssuaq and marine shales in northern
Niigssuaq. The main sediment transport was therefore
towards the north as shown by Surlyk (1982).

Johannessen & Nielsen (1982) found unimodal
palaeocurrents towards the north-west at Pingo while
south-westerly directions predominate at Skansen (Ben-
nike et al., 1981). The current data from Gule Ryg are
thus intermediate and all three current-roses are plotted
for comparison in fig. 7. The many westerly current
directions” could reflect sediment transport into the
Niigssuaq Embayment via an alluvial fan adjacent to the



regional fault which now separates this basin from the
Precambrian terrain to the east.

Conclusion

Our observations support the existing interpretation
of the Atane Formation on eastern Disko as a sandy
braided river (Bennike et al., 1981; Johannessen & Niel-
sen, 1982; Surlyk, 1982). The recognition of point bar
sequences indicates the establishment of sinuous chan-
nels during low-flow stage. The palaeocurrents show a
variety of directions, most with a westerly component.
Compared with palaeocurrent directions from Pingo
and Skansen this suggests sediment transport into the
Nigssuaq Embayment via alluvial fans along the east-
ern margin of the basin.
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