The fluviatile Bristol Elv Formation, a new Middle Jurassic
lithostratigraphic unitfrom Traill @, North-East Greenland

Jens Therkelsen and Finn Surlyk

A new lithostratigraphic unit, the Bristol Elv Formation, is erected in this paper. It is only known
from Traill @, East Greenland, where it unconformably overlies Triassic redbeds of the Fleming
Fjord Formation and is overlain by lithologically similar shallow marine Upper Bajocian sand-
stones of the Pelion Formation. The age of the formation is not well constrained but is probably
Early Bajocian. The Bristol Elv Formation is at least 155 m thick and consists of conglomerates,
coarse-grained pebbly sandstones and subordinate mudstones, deposited in braided rivers. A
finer-grained lacustrine/floodplain unit, ¢. 37 m thick, is interbedded with the fluvial sandstones
at one locality. Deposition of the fluvio-lacustrine Bristol Elv Formation marks a major change in
basin configuration and drainage patterns, reflecting the onset of the important, protracted Mid-
dle—Late Jurassic rift event in East Greenland.
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The first detailed description of the Jurassic sandstones
on the islands of Traill @ and Geographical Society @
(Fig. 1) was presented by Donovan (1953, 1955, 1957)
who grouped the deposits in the Yellow Series of Maync
(1947). Donovan’s work was focused on the sediments
exposed in the Bjornedal area in south-eastern Traill
@ while the sandstones exposed at Mols Bjerge and
Svinhufvud Bjerge received less attention. Donovan
(1953, p. 64) suggested that black shales interbedded
with sandstones and occasional conglomerates, which
he termed the Plant Beds, were deposited in a marine
embayment, or possibly on the subaerial part of a de-
bris fan. Higher in the sandstone unit, he found evi-
dence for periodic marine incursions as indicated by
occasional ammonite-bearing levels.

A lithostratigraphic scheme covering the Jurassic of
Jameson Land in East Greenland was erected by Surlyk
et al. (1973) and was extended to the areas north of
Kong Oscar Fjord by Surlyk (1977). The Middle Juras-
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sic sandstones of Traill @ and Geographical Society @
were placed in the Pelion Member of the Vardekloft
Formation. This scheme has recently been revised in
the light of much new work in the region resulting in
rank changes and establishment of new formations and
members (see Surlyk 2003, fig. 5).

Fieldwork in the Traill @ area has revealed that sand-
stones formerly referred exclusively to the shallow
marine Pelion Formation (Pelion Member in: Surlyk
1977) actually consist of a lower fluvial unit overlain
by marine sandstones (Price & Whitham 1997; Stem-
merik et al. 1997). The fluviatile deposits are placed in
a new lithostratigraphic unit, the Bristol Elv Forma-
tion, which is erected here as the basal unit of the
Middle Jurassic Vardekloft Group on Traill @ (Fig. 2).
The new formation consists dominantly of conglomer-
ates, coarse-grained pebbly sandstones and subordi-
nate mudstones and was deposited in a braided river
environment, probably in Middle Jurassic, Early Bajo-
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cian time. In one section, fine-grained sandstones,
mudstones, medium- to coarse-grained sandstone beds
and thin coal seams occur intercalated with the fluvial
sandstones, and are interpreted as lacustrine or flood-
plain deposits.
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Bristol Elv Formation

new formation

History. The strata assigned here to the new Bristol
Elv Formation were included in the Yellow Series
(Maync 1947) by Donovan (1953) and were referred
to the Pelion Member of the Vardeklgft Formation by
Surlyk (1977). The fluvial nature of the lower part of
the succession was recognised independently by Price
& Whitham (1997) and Stemmerik et al. (1997), and
labelled PM1 by the former authors.
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Name. After the river Bristol Elv in the southern part
of Mols Bjerge, Traill @ (Fig. 1).

Type section. Southern part of Svinhufvud Bjerge (Fig.
1, Locality 1) on the south coast of Traill @ (Figs 1, 3).

Reference sections. North-eastern Svinhufvud Bjerge
(Fig. 1, Locality 2), northern and southern Mols Bjerge
(Locations 3, 4) and Vaelddal, all on Traill @ (Figs 1, 4).

Thickness. The formation is at least 155 m thick in the
southern part of Svinhufvud Bjerge, whereas thick-
nesses in excess of 80 m are recorded in northern Mols
Bjerge and at Bristol Elv in the southern part of Mols
Bjerge. Thicknesses of 280 m and 520 m in the south-
ern and northern Svinhufvud Bjerge areas, respectively,
and 310 m in northern Mols Bjerge were stated by
Price & Whitham (1997), but these large values have
not been corroborated by our study (Surlyk & Noe-
Nygaard 2001).

Lithology. The Bristol Elv Formation consists mainly
of conglomerates, pebbly sandstones and sandstones
in the Mols Bjerge area, whereas more fine-grained
deposits are intercalated in the Svinhufvud Bjerge area.
The bulk of the formation consists of yellowish to
whitish, poorly sorted, coarse-grained sandstones, peb-
bly sandstones and fine pebble conglomerates with
subrounded to well-rounded quartzite pebbles and
mudstone intraclasts. Black to dark grey mudstones
with centimetre-thick autochthonous coal beds occur
intercalated with the sandstones and conglomerates at
several levels. The coarse-grained deposits show large-
scale trough cross-bedding, but the structures are mostly
poorly defined. The cross-bedded sets are 0.15-2.0 m
thick, and form cosets up to 7 m thick. Also observed
are large-scale scour-and-fill structures (Fig. 5), planar
cross-bedding, planar lamination, rare water escape
structures and imprints of tree trunks, which may be
found in accumulations. The sediments commonly form
fining-upwards units, up to 16 m thick. On the south
coast of Traill @, a sandstone unit, ¢. 19 m thick, shows
evidence of gently dipping bedforms (Fig. 6, corre-
sponding to the 134-153 m interval in Fig. 3). At Svin-
hufvud Bjerge, the coarse-grained units are separated
by mudstone units up to 6 m thick, while the coarse-
grained units at Mols Bjerge are amalgamated without
any fine-grained interbeds.

The mudstones in the Svinhufvud Bjerge area are
very uniform in grain size and overlie the sandstones
with a sharp boundary. They show a well-developed
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Fig. 2. Lithostratigraphic scheme of the Jurassic succession in
the Traill @ area. The age of the Bristol Elv Formation is poorly
constrained, but an Early Bajocian age is the most likely. Based
on Clemmensen (1980) and D. Strogen (personal communica-
tion 2000); see also Surlyk (2003).

to faint lamination, which is commonly disturbed by
rooting. A few centimetre-thick layers of medium-
grained sandstone occur in the upper part of the mud-
stone units at the same level as the rootlets.

The orientation of cross-bed trough axes and foreset
azimuths of planar cross-beds in the sandstones at Mols
Bjerge generally indicates westerly palaecocurrent di-
rections, whereas the directions in the Svinhufvud
Bjerge area are generally towards the south-east.
Stylolites are common in the coarse-grained sandstones
and fine-grained conglomerates at Mols Bjerge but have
not been observed at Svinhufvud Bjerge.

A succession of mainly black to dark grey mudstones
and fine-grained sandstones, ¢. 37 m thick, with inter-
calated coal beds and coarse-grained sandstones oc-
curs in the type section at Svinhufvud Bjerge (Fig. 3,
170-207 m in log). The sandstones are trough cross-
bedded, structureless, cross-laminated or lenticular
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bedded, and display both sheet-like and lenticular
geometries. Some of the sandstones show poorly de-
veloped wavy surfaces, are weakly bioturbated and
contain rare mudstone flasers. The mudstones are
mainly laminated or weakly laminated and contain
conspicuous root horizons, in situ tree stumps, fern
leaves and early diagenetic sideritic concretions. Sand-
stone beds up to 10 cm thick with wave ripple cross-
stratification, similar to micro-hummocky cross-stratifi-
cation, occur in the mudstones. The ripples have wave-
lengths up to 30 cm and heights up to 5 cm. Immedi-
ately above one of these sandstone beds, rounded
pebbles up to 4 cm in diameter are present. A sand-
stone bed, ¢. 1 m thick, showing swaley cross-stratifi-
cation occurs intercalated in the mudstones (Fig. 3,
172-173 m in log, Fig. 7b).

The wave-rippled and swaley cross-stratified beds
form part of two small coarsening-upwards units, 7 m
and 5 m thick, in the lowest part of the succession
(Fig. 3, 170-182 m in log, Fig. 7a). The lower part of
the units consists of laminated and faintly laminated
mudstones, which in the lowest unit are intercalated
with wave-rippled and swaley cross-stratified sandstone
beds. The units grade upwards into very fine-grained
sandstones, showing poorly developed wavy surfaces,
cross-lamination, lenticular bedding and rare mudstone
flasers. Unidentified trace fossils occur in both units
and the top beds in the upper coarsening-upwards
unit are penetrated by rootlets. Above these two units,
coal beds up to 0.45 m thick and thin mudstone beds
occur together with 0.2-2.5 m thick beds of trough
cross-bedded, medium-grained sandstone to fine peb-
ble conglomerate with sharp basal surfaces, showing
palaecocurrents towards the east-south-east (Fig. 3, 182—
207 m in log). Locally, these beds are overlain by fine-
to very fine-grained sandstones, forming poorly de-
fined fining-upwards successions.

Pyrite is not present in the coals, but occasionally
replaces organic detritus in the sandstones. The coals
consist almost entirely of non-detrital vitrinite, which
together with the presence of root horizons beneath
the coal beds show that they are autochthonous.

Boundaries. The formation unconformably overlies
the Upper Triassic Fleming Fjord Formation at Svin-
hufvud Bjerge and Mols Bjerge as well as in Vaelddal

Facing page:
Fig. 3. Type section (Locality 1) of the Bristol Elv Formation.
South Svinhufvud Bjerge, Traill @. Position shown in Fig. 1.
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(Clemmensen 1980; D. Strogen, personal communica-
tion 2000). The upper boundary is placed at an ero-
sional surface draped by a pebble lag overlain by ma-
rine sandstones of the Pelion Formation, which is domi-
nated by medium- to coarse-grained, planar cross-bed-
ded and structureless sandstones with ammonites,
belemnites, bivalves and marine trace fossils.

Distribution. The formation is known only from Svin-
hufvud Bjerge, Mols Bjerge and Valddal in eastern
Traill @ (Fig. 1). The lacustrine/backswamp unit de-
scribed from the type section is probably correlative
to the Plant Beds of Donovan (1953, 1957), which oc-
cur in Vaelddal (Henrik Vosgerau, personal communi-
cation 1998).

Geological age. No macrofaunas were found within
the Bristol Elv Formation. A few relatively well pre-
served but as yet unidentified fern leaves were retrieved
from a single bed in the lacustrine/floodplain unit in
the southern part of Svinhufvud Bjerge. Harris (1946)
reported a stem identified as Equisetites sp. A. of in-
ferred Early Jurassic age from Kap Palander in the north-
ernmost Mols Bjerge. Harris (1946) pointed out, how-
ever, that this specimen also resembles species of Late
Triassic or Middle Jurassic ages, and that it does not
give any precise age indication.

Preliminary palynological analysis of samples from
the lacustrine/backswamp deposits suggests a broad
Late Toarcian — Bathonian age (Karen Dybkjaer, per-
sonal communication 1998). Age diagnostic palyno-
morphs include Callialasporites dampieri (late Early
Toarcian or younger), Callialasporites turbatus (Late
Toarcian or younger), Callialasporites segmentatus (late
Early Toarcian or younger) and Foraminisporis juras-
sicus (Middle Rhaetian — Bajocian) (Batten & Koppelhus
1996). The Upper Bajocian Cranocephalites borealis
Zone is represented in the immediately overlying Pelion
Formation sandstones (Donovan 1953, 1957; Callomon
1993; Alsen 1998). This is the lowest Middle Jurassic
ammonite zone recognised in East Greenland. In
Jameson Land, the Pelion Formation contains a rela-
tively thick marine sandstone unit without ammonites
below the lowest occurrence of Cranocephalites bore-
alis. This unit overlies dark mudstones of the Sortehat
Formation the top of which is of Early Bajocian age
(Underhill & Partington 1993; Koppelhus & Hansen
2003). The unit is thought to be a distal marine cor-
relative of the Bristol Elv Formation. This is supported
by the stratigraphic position of both units, underlying
marine Pelion sandstones of the C. borealis Chronozone
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Fig. 5. Coarse-grained sandstone and fine-grained conglomerate with large-scale scour-and-fill structures (indicated by dashed lines
below encircled person). Bristol Elv Formation; north-eastern Svinhufvud Bjerge.

and by the marked lithological similarity of the Pelion
and Bristol Elv Formations. Lower Jurassic rocks have
never been documented outside Jameson Land and all
available data thus point towards an Early Bajocian
age for the Bristol Elv Formation.

Depositional environment

The coarse-grain size, the presence of fining-upwards
units and trough cross-bedding, the unidirectional
palaeocurrents towards the west (in Mols Bjerge) and
south-east (in Svinhufvud Bjerge) and the abundance
of mudstone intraclasts, the absence of dinoflagellate
cysts and marine body and trace fossils indicate that
the main part of the Bristol Elv Formation was depos-
ited in a high-energy fluvial environment. Studied sam-
ples all show very low total sulphur (TS) contents (max.
0.43%) and high C/S values (> 10). These data support
the interpretation of a terrestrial environment of depo-
sition (Berner & Raiswell 1984).

In the Svinhufvud Bjerge area, one sandstone unit,
approximately 20 m thick, shows macroforms inter-
preted as downstream or lateral accretion structures
such as epsilon cross-bedding (Allen 1963; Fig. 6). The
lower ¢. 13 m of this unit displays a fining-upwards

Facing page:

Fig. 4. Composite detailed reference section from north-
eastern Svinhufvud Bjerge (Locality 2) and reference sections
from northern and southern Mols Bjerge (Localities 3, 4).
Positions shown in Fig. 1. For legend, see Fig. 3.
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trend, possibly representing lateral channel migration
(Allen 1964, 1965). The depth of the channel corre-
sponds to at least the thickness of the macroform
(Leeder 1973). If the interpretation of the macroforms
is correct, the channel depths were in the 10-13 m
range.

Fluvial styles and models were categorised in terms
of channel sinuosity/braiding, sediment type and char-
acteristic architectural elements by Miall (1985, 1996).
The depositional features of the Bristol Elv Formation,
especially concerning the within-channel element and
the relatively large channel depths suggest deposition
in the ‘perennial deep braided river’ type of Miall (1996).
Reliable interpretation of a fluvial system cannot, how-
ever, be based on vertical sections alone (Miall 1996).
Analysis of bounding surfaces, and extent, shape and
facies relations of the architectural elements has, how-
ever, not been possible in the present case due to the
nature of the outcrop.

The interbedded mudstones may, due to the sharp
boundary to the underlying coarse sandstones and
conglomerates, represent relatively abrupt channel
abandonment and subsequent passive in-filling of chan-
nels and thus cover a confined area, or they may be
more extensive bodies covering the entire floodplain
area. The studied exposures do not allow conclusions
on the lateral extent of the mudstone units. The fine-
grained homogeneous nature of the mudstones, how-
ever, suggests that the distance to the nearest active
fluvial channel must have been relatively large leading
to deposition of only the finest grain sizes. The sud-
den change from very coarse sandstone to homogene-
ous mudstone also indicates a very abrupt abandon-
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Fig. 6. Fluvial, floodplain and lacustrine deposits on the south coast of Traill @ (Locality 1). Note the 20 m thick sandstone body in

the centre (see Fig. 3, 134-153 m in log) showing down-stream or lateral accretion structures (dashed lines) with bedforms dipping

gently to the right (east). The sandstone body overlies dark floodplain mudstones. Type section of the Bristol Elv Formation.

ment of the active channels, which in a relatively short
time shifted to a position farther away.

Floodplains in braided river systems are not com-
monly described in the literature, but studies by
Reinfelds & Nanson (1993) of the Waimakariri River,
New Zealand, show that braided rivers, contrary to the
common conception, may include large areas of fine-
grained floodplains. During avulsion events, extensive
wetland areas were established and contributed greatly
to trapping and deposition of large volumes of fine-
grained material (e.g. Smith et al. 1989). A similar situ-
ation may have occurred at least twice during the life-
time of the Bristol Elv Formation river system, as shown
by the occurrence of 3—6 m thick floodplain mudrocks
in the section on the south coast of Traill @ (Figs 1, 6).
The presence of root horizons and thin coal beds shows
that the floodplain was densely vegetated and devel-
oped into peat swamps, before the river channel mi-
grated back over the area and peat formation ceased.

Fine-grained sediment present in the middle part of

26
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the type section in Svinhufvud Bjerge is interpreted to
have been deposited in a lacustrine/backswamp envi-
ronment. Fine-grained sandstones intercalated with
black and dark grey mudstone in the lower part of this
lacustrine/backswamp unit show swaley cross-stratifi-
cation and wave ripple cross-lamination associated with
a pebble lag (Figs 3, 7). Swaley cross-stratification is
interpreted as the result of storm-wave deposition above
fairweather wave base and has been described from
very shallow depths in the large Lake Superior (Green-
wood & Sherman 1986; Sherman & Greenwood 1989).
The wave ripple cross-lamination shows that some vig-
orous agitation must have occurred, probably during
storm events (e.g. Allen 1982). The structures and the
associated pebble lag are probably the result of shore-
face erosion during storms, and subsequent transport
into deeper waters by storm-induced currents (cf. Dam
& Surlyk 1992, 1993). In the uppermost part of the
lacustrine succession, the occurrence of a unit that
shows coarsening-upwards from mudstone to very fine-
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Fig. 7. Lacustrine deposits from the Bristol
Elv Formation, south coast of Traill @
(Locality 1). Length of knife is 21 cm.

A: Thin micro-hummocky cross-stratified /
wave ripple cross-laminated sandstone
intercalated with laminated mudstone.

B: Sandstone bed showing swaley cross-
stratification.

grained sandstone (Fig. 3, 177-182 m) possibly records
in-filling of the lake, resulting in lake shoreline pro-
gradation and gradual shallowing. The presence of
rootlets shows that the lake was sufficiently shallow to
allow colonisation of vegetation. Higher in the succes-
sion (Fig. 3, 182-207 m), abundant conspicuous root
horizons show that vegetation spread across the shores
of the lake, which eventually turned into a backswamp
environment. The repeated development of autoch-
thonous coal beds in the middle and upper part of the
unit suggests that the backswamps were densely veg-
etated. The 0.2-2.5 m thick trough cross-bedded sand-
stone beds associated with the coal beds, probably
represent splays into the backswamp from active chan-
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nels, which were possibly situated north-west of the
area. The lack of pyrite in the coal is a good indication
of deposition in a freshwater environment (Cohen et
al. 1984; Brown & Cohen 1995; Phillips & Bustin 1996).

The Plant Beds of Donovan (1953, 1957) in Valddal
are interbedded with coarse-grained sandstones and
conglomerates dominated by large-scale trough cross-
bedding, while hummocky and/or swaley cross-strati-
fication, small-scale cross-lamination, root horizons and
fossilised leaves occur in the finer grained sediments
(Henrik Vosgerau, personal communication 1998). If
the Plant Beds of Donovan (1953, 1957) are correlatives
of the mudstone-dominated part of the Bristol Elv For-
mation type section in Svinhufvud Bjerge, a system with

27
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scattered lakes may have existed in the area. The lat-
eral extent of this system must have been at least 20 km.

Gradual in-filling of the lake resulted in develop-
ment of a wetland area with peat swamps, which was
periodically covered by sheet-sands and cut by con-
fined channels where sand was deposited. Thin coars-
ening-upwards units, which probably represent cre-
vasse splays or deltas, show that active fluvial chan-
nels were present in the adjacent area, and the lake
system was eventually replaced by a fluvial braided
channel system, represented by trough cross-bedded
coarse-grained pebbly sandstones. This environment
persisted until the area was transgressed by the sea
and the shallow marine sandstones of the Pelion For-
mation were deposited.
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