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The Franklinian Basin extends from the Canadian Arctic Islands to eastern North
Greenland, a distance of approximately 2000 km. In the North Greenland segment
about 8 km of Lower Palacozoic strata are well exposed and permit the recognition of
7 stages in the evolution of the basin. With the exception of the first stage of basin
initiation, which occurred close to the Precambrian-Cambrian boundary, each stage
is differentiated into a southern shelf and slope, and a northern deep-water trough.
The position of the boundary between the shelf and trough was probably controlled
by deep seated normal faults and, with time, the basin expanded southwards leading
to a final foundering of the shelf areas during the Silurian.

The 7 stages in the evolution of the Franklinian Basin in North Greenland are: 1,
Late Proterozoic? — Early Cambrian shelf (basin initiation); 2, Early Cambrian
carbonate platform and incipient trough; 3, Early Cambrian siliciclastic shelf and
turbidite trough; 4, Late Early Cambrian — Middle Ordovician carbonate shelf and
starved trough; 5, Middle Ordovician — Early Silurian aggradational carbonate plat-
form, starved slope and trough; 6, Early Silurian ramp and rimmed shelf, and
turbidite trough; 7, Early — Late Silurian drowning of the platform.

Basin evolution and sedimentation patterns in the eastern part of the Franklinian
Basin were strongly influenced by the closure of the Iapetus Ocean and Caledonian
orogenic uplift in eastern North Greenland. The Franklinian Basin in North Green-
land was finally closed in Devonian — Early Carboniferous times, resulting in strong
deformation of the northern part of the Franklinian trough sequence during the
Ellesmerian Orogeny.
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Lower Palaeozoic strata exposed across North Green-
land from Kronprins Christian Land in the east to
Washington Land and Inglefield Land in the west (Figs
1-4 and Map 1) form the eastern part of the Franklinian
Basin of the Canadian Arctic Islands (cf. Trettin, 1989).
Strata assigned to this succession in North Greenland
outcrop in an east-west belt almost 1000 km long, with a
maximum preserved north-south width of about 200
km; the sedimentary column attains a thickness of about
8 km. The main part of the succession is of Cambrian-
Silurian age, but the basin probably also contains strata
of latest Precambrian and earliest Devonian age.

The Franklinian Basin in North Greenland contains a
southern shelf succession and a northern deep-water
trough succession, also recognised in adjacent Ellesm-
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ere Island. Indeed, variations in facies with time show
close parallels in the two regions such that lithostra-
tigraphic correlation is often possible across Nares Strait
(Troelsen, 1950; Peel & Christie, 1982; Peel et al.,
1982).

A craton composed of Precambrian crystalline base-
ment rocks overlain by late Precambrian sedimentary
and volcanic rocks lies to the south of the Franklinian
Basin (S¢nderholm & Jepsen, 1991). This is now ex-
posed along the margin of the Inland Ice, and more
extensively in eastern North Greenland (Fig. 1). During
Early Palacozoic time this craton was fringed to the
north by an east-west trending shallow-marine shelf.
Two main facies belts characterise the shelf, a shallow-
water carbonate-dominated platform (sensu Schlager,
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Middle Ordovician — Early Silurian aggradational platform
ﬁ Stage 4S¢,2 Early Cambrian — Middle Ordovician aggradational platform
&\\\\Q Stage 451, Cambrian progradational shelf

=== stage 38  Early Cambrian siliciclastic shelf

m Stage 2S Early Cambrian aggradational platform

E Stage 1 Late Proterozoic? - Early Cambrian shelf

Fig. 1. Geological map showing the subdivision of the Franklinian Basin sequence in North Greenland. See Figs 2-4 and Map 1.
HFFZ, Harder Fjord fault zone.
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1981), and a shale-dominated shelf. The boundary be-
tween these two regimes fluctuated considerably; in
some periods the platform was almost drowned, while
in others the platform prograded and the platform mar-
gin coincided with the shelf-slope break. A deep-water
basin, or trough, characterised by deposition of fine-
grained sediments, sand turbidites, and carbonate con-
glomerates was situated north of this zone. Shelf-paral-
lel turbidite transport directions suggest that the deep-
water basin was two-sided for most of its existence
(Surlyk et al., 1980; Surlyk & Hurst, 1984); for this
reason the term trough is used in the following descrip-
tion. There is no direct evidence in North Greenland,
however, of a northern margin to the Franklinian Basin.

Deposition in the trough was brought to a close in
North Greenland, as in northern Ellesmere Island, by
the mid-Palaeozoic Ellesmerian Orogeny. In Greenland
this produced the North Greenland fold belt. Deforma-
tion is largely confined to the trough succession, and
was intense in the extreme north where it was accompa-
nied by low amphibolite facies metamorphism. Defor-
mation decreases southwards, and dies out in a belt of
thrusts and monoclines located slightly north of the
early Silurian shelf-trough transition.

Duc to the remoteness of North Greenland much
geological work until recent years has been on a recon-
naissance level. Dawes (1971, 1976) has summarised
this early work, producing a geological map and syn-
thesis of North Greenland geology. Other reviews are
given by Troelsen (1949, 1950), Dawes & Soper (1973),
Dawes & Peel (1981), Dawes & Christie (1982), Peel
(1982a) and Christie & Dawes (in press; see also Hen-
riksen & Higgins, 1991).

In 1978-80 and 1984-85 regional systematic mapping
and general geological investigations were carried out as
part of the North Greenland Project of the Geological
Survey of Greenland (GGU; see Henriksen & Higgins,
1991). The current paper presents a synthesis of the
Lower Palaeozoic sedimentary succession in North
Greenland, examination of which culminated with the
North Greenland Project. An earlier version was given
by Higgins et al., in press.

Lower Palacozoic shelf stratigraphy in North Green-
land (Fig. 2) has been described by Christie & Peel
(1977), Fortey & Peel, 1989; Hurst (1980a, 1984), In-
eson & Peel (1987, in prep.), Peel (1982a, 1985, 1988a,
b, 1990), Peel et al. (1981), Peel & Smith, 1988; Smith et
al., 1989; Sgnderholm & Due (1985); Sgnderholm ef al.
(1987) and Sénderholm & Harland (in prep.).

The lithostratigraphy of the Lower Palaeozoic deep-
water succession has been outlined within a framework
of six groups by Friderichsen et al., (1982; Fig. 2).
Preliminary descriptions of the Cambrian and Ordo-
vician deposits are given by Bengaard et al. (1987),
Davis & Higgins (1987), Higgins et al. (1981), Soper et
al. (1980) and Surlyk & Ineson (1987a). The strati-
graphy of the Cambrian-Ordovician deep-water se-
quence in Peary Land was established by Surlyk et al.
(in prep.), while Silurian deep-water stratigraphy was
described by Hurst (1980a), Hurst & Surlyk (1982),
Larsen & Escher (1985, 1987, 1991) and Surlyk & In-
eson (1987b).

Biostratigraphical and palaeontological studies of the
Lower Palaeozoic in North Greenland include: Arm-
strong (1990), Bjerreskov (1981, 1986, 1989), Conway
Morris & Peel (1990), Fortey & Peel (1983, 1989, 1990),
Grahn & Nghr-Hansen (1989), Lane (1972, 1979),
McLean (1977), Nghr-Hansen & Koppelhus (1988),
Norford (1973), Palmer & Peel (1981), Peel (1979,
1980, 1982b, 1986, 1988a, b, 1990), C. Poulsen (1927,
1934, 1941, 1943, 1958, 1974), V. Poulsen (1964, 1969,
1974), Robison (1984, 1988), Smith (in press) and
Troedsson (1926, 1928).

The petroleum geology of the Franklinian Basin in
North Greenland is described by Christiansen (1989,
1990).

The main aspects of the tectonic-sedimentological
evolution of the Early Palacozoic shelf sequence in
North Greenland were described by Hurst & Surlyk
(1983b). The evolution of the contemporaneous deep-
water basin has been related to intrabasinal tectonic
lineaments which govern, or influence, the boundaries
of the shelf, slope, and trough of the basin at different
times (Surlyk & Hurst, 1983, 1984; Figs 3-5).

Fig. 2. Stratigraphy of the Franklinian Basin sequence in North
Greenland. Individual units are assigned to the stages in basin
cvolution described in the text; sce also Figs 1, 3, 4. AL,
Amundsen Land; BBB, Blafjeld, Brikkerne and Blue Cliffs
Formations; BF, Bessels Fjord; BFG, Brgnlund Fjord Group;
CF, Citronen Fjord, also Citronens Fjord Member; C@, Castle
@ Member; D, Depotbugt; FEHF, Frederick E. Hyde Fjord;
FF, Freja Fjord, also Freja Fjord Member; GBSF, G. B.
Schley Fjord; HG, Henson Gletscher; H, Hendrik @ Member;
JPKEF, J. P. Koch Fjord; KA, Kap Ammen Member; KC, Kap

Coppinger Member; KI, Kap Independence; KIM, Kap Inde-
pendence Member; KT, Kap Tyson; MBG, Morris Bugt
Group; NB, Newman Bugt, also Newman Bugt Member; NF,
Navarana Fjord; NoF, Nordenskiold Fjord; OBBF, O. B. Beg-
gild Fjord; OF, Odin Fjord; PF, Profilfjeldet Member; PL,
Permin Land; RGG, Ryder Gletscher Group; SC, Store Ca-
nyon Member; S@, Stephenson @; TF, Thor Fjord, also Thors
Fjord Member; VGL, Valdemar Glickstadt Land; WLG,
Washington Land Group.
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Final drowning of the platform

Stages in the evolution of
the Franklinian Basin in
North Greenland

7S: Late Llandovery - Early Ludlow
reef belt

7T: Trough expansion

Early Silurian ramp and rimmed
shelf, and turbidite trough

6S: Ramp and rimmed shelf
6T: Longitudinal turbidite trough

585: Starved slope

5T: Trough

Middle Ordovician — Early Silurian 7
platform, starved slope and trough
584: Aggradational platform

Late Early Cambrian - Middle 6

Ordovician shelf and trough
451p: Cambrian progradational shelf
4S1a; Cambrian aggradational platform
4S2: Ordovician aggradational platform
4T:  Starved trough

and turbidite trough

38. Siliciclastic shelf
3T, Turbidite trough

.

Early Cambrian siliciclastic shelf 5

Early Cambrian platform and 4 |
incipient trough
28. Aggradational platform
2T. Incipient trough
Basin initiation 3
Late Proterozoic ? — Early
Cambrian shelf

-

Fig. 3. Stages in the evolution of the Franklinian Basin in North Greenland.

Tectonic lineaments

The evolution of the North Greenland Early Palaeo-
zoic basin and its differentiation into a southern shelf
and a northern trough was interpreted in terms of con-
trol by tectonic lineaments by Surlyk et al. (1980), a
model elaborated and presented in more detail by Sur-

lyk & Hurst (1983, 1984). It is envisaged that the basin
expanded in several episodes by southward shift of the
southern margin to new E-W trending lineaments. The
shifts are accompanied by major changes in sedimentary
regimes. This concept is adopted here, permitting the
recognition of a number of stages in the evolution of the
basin (Figs 3-5). These stages form the basis for the
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Fig. 4. Fence diagram showing the interpreted relationships of
shelf, slope and trough deposits of the various stages in the
evolution of the Franklinian Basin sequence of North Green-
land (see Figs 1-3). Abbreviations denote formations unless
otherwise specified. AB, Adams Bjerg; AF, Aleqatsiaq Fjord;
AG, Amundsen Land Group; AG4, unit 4 of Amundsen Land
Group; B, Brénlund Fjord Group; BBB, Blafjeld, Brikkerne
and Blue Cliffs Formations; BL, Bistrup Land; BM, Bure
Iskappe Member; BR, Begrglum River; BU, Buen; CA, Ca-
nyon Elv; CB, Chester Bjerg; CC, Cape Calhoun; CD, Cape
Wood; CE, Christian Elv; CF, Cass Fjord; CFM, Citronens
Fjord Member; CI. Cape Ingersoll; CK, Cape Kent; CL, Cape
Leiper; CS, Cape Schuchert; CW, Cape Webster; CY, Cape
Clay; DB, Dallas Bugt; DK Djavieklgften; FFM, Freja Fjord
Member; H, Humboldt; HB, Hauge Bjerge; J, Johansen
Land; KAM, Kap Ammen Member; KCM, Kap Coppinger
Member; KE, Kastrup Elv; KG, Kap Godfred Hansen: KIJ,
Kap Jackson; KS, Kap Stanton; KT, Kap Troedsson; KV,
Koch Vag; L, Lauge Koch Land; LB, Lafayette Bugt; MA,
Kap Maynard; ME, Merqujéq; MLM, Melville Land Member;
MO, Kap Morton; N, Nunatami; NB, Nygaard Bay; NBM,
Newman Bugt Member; NK, Nordkronen; NL, Nyeboe Land;
OF, Odins Fjord; OI, Offley Island; P, Polkorridoren Group;
PA, Paradisfijeld Group; PB, Pentamerus Bjerge; PC, Poulsen
Cliff; PFM, Profilfjeldet Member; PH, Petermann Halve; PL,
Permin Land; PO, Portfjeld; RG, Ryder Gletscher Group; S,
Skagen Group; SCM, Store Canyon Member; SF, Sjzlland
Fjelde; SG, Steensby Gletscher; SH, Samuelsen Hgj; T, Tav-
sens Iskappe Group; TB, Telt Bugt; TFM, Thors Fjord Mem-
ber; TU, Turese; VG, Velvedal Group; WA, Warming Land;
W, Wandel Valley; WL, Wulff Land; WR, Wulff River; Y,
Ymers Gletscher.

integrated description of shelf and trough successions
presented in this paper.

Some of the lineaments responsible for control of
sedimentation during the Early Palacozoic are easily
defined. The identity of others, however, is not clear,
since some of the structures have been shown to be
main elements of Ellesmerian thin-skinned thrust zones
or Eurckan (Tertiary) fault systems. These later thrusts
and faults may have had precursors which were active in
the Early Palaeozoic and influenced sedimentation.

The earliest stage of the Franklinian Basin recognised
in North Greenland (Skagen Group) is loosely dated as
Late Precambrian — Early Cambrian and its base is not
known. Later in the Early Cambrian it is possible to
define a facies boundary between the shelf carbonates
of the Portfjeld Formation and the equivalent trough
carbonates of the Paradisfjeld Group (Figs 2-5). This
boundary runs from Depotbugt in the east, westwards
to outer J. P. Koch Fjord and along the northern coast
of Greenland as far as northern Nyeboe Land (Figs 3-5,
stage 2). However, the original position of this linea-
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ment is obscured by the N-§ shortening due to Elles-
merian thrusting; it may have been sited farther north,
corresponding to a precursor of the present Harder
Fjord fault zone (Surlyk et al., 1980; Surlyk & Hurst,
1984; Soper & Higgins, 1987). The present distribution
of succeeding deposits of the Buen Formation (shelf
sandstones and shales) and Polkorridoren Group
(trough turbidites) suggests that the shelf margin was
located slightly further south (Fig. 5, stage 3); in logged
sections deeper water, more offshore facies overlie shal-
low shelf facies. The original position of the shelf mar-
gin lineament, however, is again obscured by Ellesmer-
ian thrusting.

Carbonate platform accumulation resumed on the in-
ner shelf in the late Early Cambrian and continued
through the Ordovician, while shale deposition dom-
inated in the outer shelf-slope area which can be charac-
terised as ‘starved’. In some areas the total succession
deposited on the outer shelf and slope during this period
is less than 100 m thick; 300-500 m is more normal. The
trough deposits, up to 1200 m thick, are only known
from northern Peary Land (Johannes V. Jensen Land)
where they include thickly developed turbiditic units of
the Vglvedal Group. Two lineaments seem to have de-
termined the boundaries between shelf and trough dep-
osition during this period. The northernmost of these,
running from Depotbugt to Nyeboe Land, may have
marked the north margin of the shelf during the first
part of this period (Fig. 5, stage 4). The turbidites of the
Volvedal Group occur only north of this line. The
southern lineament is the Navarana Fjord lineament
which is expressed as a platform margin escarpment in
the Navarana Fjord — J. P. Koch Fjord area (Figs 4-5,
Escher & Larsen, 1987; Surlyk & Hurst, 1984; Surlyk &
Ineson, 1987 a, b). It extends eastwards to the vicinity
of Depotbugt and westwards beneath younger rocks to
northern Nyeboe Land and just offshore Hall Land.
Carbonate-dominated outer shelf sediments accumu-
lated in the arca between the two lineaments during the

ecarly part of the period (Fig. 5, stage 4), but these are
overlain by deeper water slope or trough sediments
(Amundsen Land Group and equivalent chert/shale de-
posits) suggesting that the basin margin had retreated
southwards in the Ordovician to the Navarana Fjord
lineament (Fig. 5, stage 5).

In the Late Ordovician and Early Silurian the Nav-
arana Fjord lineament was a major basinal and facies
boundary separating shelf carbonate deposition to the
south from turbidite deposition of the Peary Land
Group to the north (Fig. 5, stage 6). The lineament took
the form of a pronounced escarpment and the lowest
formations of the turbiditic Peary Land Group (Syd-
gletscher and Merqujéq Formations) occur only north
of the escarpment. In late Llandovery time, the outer
platform foundered, probably in response to loading of
the trough by the thick turbidite sequences and to oro-
genic activity in eastern North Greenland. The trough
filled to the brim with turbidites and expanded south-
wards to cover most of what is now North Greenland
(Fig. 5, stage 7) (Hurst & Surlyk, 1982; Hurst ef al.,
1983; Surlyk & Hurst, 1984). A new shelf-trough
boundary was established farther to the south, corre-
sponding to the line of impressive carbonate mounds
running from central Hall Land to Kronprins Christian
Land. The shelf was almost totally drowned at about the
Llandovery-Wenlock boundary and carbonate deposi-
tion only persisted in a few isolated mounds. The suc-
cession of formations in the Peary Land Group — Wulff
Land Formation (mudstones), Lafayette Bugt Forma-
tion (mudstones and carbonate conglomerates), Lauge
Koch Land Formation (sandstone turbidites), Nordkro-
nen Formation (mainly turbiditic chert pebble conglom-
erates) and Chester Bjerg Formation (turbiditic mud-
stones and siltstones) — reflect facies variations gov-
erned by the supply of detritus to the deep-water trough
from the source areas in the east, principally the rising
mountains of the East Greenland Caledonides (Hurst et
al., 1983; Surlyk, 1982; Surlyk & Hurst, 1984).

Evolution of the Franklinian Basin in North Greenland

The development of the Franklinian Basin in North
Greenland is described here in terms of 7 stages (Figs
3-5) which are defined on the basis of sedimentary
infill, position and structural style of the shelf-trough
boundary (cf. Surlyk & Hurst, 1983, 1984). The stages
are broadly analogous to seismic stratigraphic se-
quences (Mitchum et al., 1977; Vail et al., 1977; Van

Wagoner ef al., 1988) or to groups of temporally related
depositional systems (e.g. Galloway & Hobday, 1983).
The stages are described below in ascending order; in
each stage description of the shelf development is fol-
lowed by description of the equivalent slope and deep-
water trough development.




Stage 1: Basin initiation, Late Proterozoic? -
Early Cambrian shelf

The oldest representative of the Early Palacozoic sed-
imentary cycle is the Skagen Group (Figs 14, 6-7). Itis
recognised in north-east Peary Land, Johannes V. Jen-
sen Land and in northern parts of central and western
North Greenland, notably northern Wulff Land (Fig.
6). The base of the group is not seen although stratigra-
phic relationships in north-east Peary Land suggest that
it may rest unconformably on Proterozoic quartzites
and volcanics (Christie & Ineson, 1979). In its northern
outcrop in Johannes V. Jensen Land, the Skagen Group
is overlain by relatively deep-water carbonates of the
Paradisfjeld Group (see stage 2, below) whereas south
of Frederick E. Hyde Fjord and in central and western
North Greenland, it is overlain by platform carbonates
of the Portfjeld Formation. The age of the Skagen
Group is uncertain, but an Early Cambrian (Atdaba-
nian) fauna has been collected from the Kennedy Chan-
nel Formation of Ellesmere Island (Long, 1989a) from
strata considered by Dawes & Peel (1984) to be equiv-
alent to the Skagen Group of northern Wullf Land.

In its type area in north-east Peary Land the Skagen
Group consists of tightly folded quartzitic sandstones
and mudstones divided into three units by Friderichsen
et al. (1982): the depositional environment is not
known, but upper beds of the succession in the G. B.
Schley Fjord area include stromatolitic and dessication-
cracked dolomites of peritidal origin. The lowest unit

Fig. 6. Mudstones, sandstones and
dolomites of the Skagen Group (S,
stage 1) overlain by a 340 m thick
sequence of light coloured Portfjeld
Formation dolomites (PO, stage 25),
northern Wulff Land.
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comprises structureless quartzitic sandstones, the mid-
dle unit dark phyllitic mudstones. and the upper unit
consists of thick-bedded quartzitic sandstones with phyl-
litic mudstone interbeds and rare pebble conglomer-
ates. The upper unit is also exposed on the north side of
the mouth of Frederick E. Hyde Fjord where it has a
conformable, but highly deformed, contact with the
overlying Paradisfjeld Group.

Higgins & Soper (1985) suggested similarities be-
tween the Skagen Group and the siliciclastic sequence
which underlies the Portfjeld Formation between north-
ern Wulff Land and J. P. Koch Fjord. This sequence is
included in the Skagen Group (Surlyk & Ineson,
1987a). In northern Wulff Land, where deformation is
less intense, the Skagen Group consists of over 500 m of
mudstones, sandstones and dolomites. The lower half of
the group is dominated by mudstones with thin, cross-
laminated, fine-grained to medium-grained sandstones.
Sandstone bed thickness increases upwards and hum-
mocky cross-stratification becomes more common to-
wards the middle of the group. This lower interval rec-
ords sedimentation on an offshore, storm-influenced
shelf. It is succeeded by a more varied sequence of
coarse pebbly sandstones. hummocky cross-stratified
sandstones. mudstones and intraclastic oolitic dolo-
mites, reflecting shallow-water. inshore environments.
The coarse sandstones show large-scale trough cross-
bedding and parallel, even lamination of storm-dom-
inated shoreface and possibly beach origin. Grey, hum-
mocky cross-stratified oolitic-intraclastic  dolomites




dominate in the upper 100 m of the group (Figs 6, 7) and
grade up into massive pale dolomites of the Portfjeld
Formation (sce stage 2 below).

The Skagen Group probably represents the earliest
phase in the development of the Franklinian Basin in
North Greenland. It records the initial subsidence and
transgression of Proterozoic basement to produce a
storm-dominated shelf that was restricted to the north-
ernmost parts of North Greenland. The succession re-
flects an overall shallowing and the first differentiation
of the shelf into a carbonate platform and a mainly
siliciclastic storm influenced shelf leading to the devel-
opment of a stable carbonate platform represented by
the Portfjeld Formation (stage 2S) (Surlyk & Ineson,
1987a).

Stage 2: Early Cambrian platform and incipient
trough

The transition from the first to the second stage in
basin evolution is marked by the change from mainly
siliciclastic to carbonate sediments, and by a clear dif-
ferentiation into shelf and deeper water trough envi-
ronments (Figs 3-5, stage 2).

This stage in the evolution of the region is repre-
sented by the Portfjeld Formation on the shelf and the
Paradisfjeld Group in the trough (Figs 1-4).

2S8: Aggradational platform

The Portfjeld Formation crops out across central
North Greenland but is not known to the west of Wulff
Land or to the east of Danmark Fjord. In its northern

Fig. 7. Hummocky cross-stratified
dolomites forming the top part of the
Skagen Group (stage 1). Northern
Wulff Land.

outcrop it conformably overlies the shelf sediments of
the Skagen Group (Fig. 6); farther south it rests uncon-
formably on Proterozoic strata (Figs 2, 8). The forma-
tion is poorly fossiliferous but has yielded remains of
cvanobacteria of probable Early Cambrian age (Peel,
1988c¢).

The Portfjeld Formation is 200-280 m thick in south-
ern Peary Land (O'Connor, 1979) and typically com-
prises cross-bedded oolitic and intraclastic dolomites,
flat-pebble conglomerates, wave-rippled silty dolomites
and algally laminated dolomites displaying planar,
crinkly, domal, digitate and columnar stromatolites.
Dark grey, bituminous, cherty dolomites form a dis-
tinctive, laterally persistent unit (10-15 m thick) near
the base of the formation in this area. Oncolitic and
pisolitic dolomites are present at some levels, and des-
iccation cracks and irregular, brecciated palacokarst
surfaces occur locally. The latter are sometimes associ-
ated with breccias containing well-rounded quartz
grains in a dolomitic matrix. Together with intervals of
well-rounded, medium to coarse-grained sandstones,
they probably represent periods of regression and local
emergence (Hurst & Surlyk, 1983b). The association of
facies suggests deposition in shallow subtidal and in-
tertidal environments on a marine carbonate platform.
Ooid and intraclast grainstones were deposited on sub-
aqueous carbonate sand banks in shallow turbulent wa-
ter while fetid and algally laminated carbonate muds
and silts accumulated in protected shallow subtidal and
low to moderate-energy intertidal environments.

The Portfjeld Formation thickens appreciably to-
wards the north. In north-east Peary Land it is 400-700
m thick (Christie & Ineson, 1979); in the north-west
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Fig. 8. Stable platform dolomites about 200 m thick of the Portfjeld Formation (PO, stage 28) unconformably overlying
Proterozoic red sandstones with dark weathering dolerite intrusions (d), looking eastward along @vre Midsommerso. southern
Peary Land. Succeeding siliciclastic sediments of the Buen Formation (BU, stage 3S) can be divided into a lower, inshore,
sandstone unit and an upper unit of outer shelf mudstones and siltstones. The cliff is capped by carbonates of the Brenlund Fjord

Group (B, stage 45,,).

Peary Land region the formation thickens dramatically
northwards over less than 20 km from 260 m at Nav-
arana Fjord (Fig. 9) to 500-700 m east of J. P. Koch
Fjord. In these northern exposures the formation is
composed almost entirely of dolomitised ooid-intraclast
grainstones, locally showing hummocky cross-stratifica-
tion, with rare intervals of columnar and hemispherical

Fig. 9. Navarana Fjord anticline on
the eastern side of Navarana Fjord,
exposing Skagen Group (S, stage 1)
in the core, overlain by Portfjeld
Formation dolomites (PO, stage 2S),
dark coloured sandstones and shales
of the Buen Formation (BU., stage
3S), and outer shelf representatives
of the Aftenstjernesg Formation
(A), Henson Gletscher Formation
(HG) of the Bregnlund Fjord Group,
and Tavsens Iskappe Group (T), (all
stage 45,,). The uppermost dark unit
comprises dark cherts and cherty
shales of a new formation of the
Amundsen Land Group (AL, stage
5T) and is overlain by turbiditic
sandstones of the Merqujoq Forma-
tion (ME, stage 6T). Plateau icecap
is 1100 m high.

stromatolites and oncolitic grainstones. This thickened
succession of high energy carbonates in the north clearly
represents the outer rim of the platform which accreted
rapidly in response to greater subsidence adjacent to the
platform/trough boundary. The thickness difference
and the occurrence of mixed carbonate-siliciclastic de-
posits in the upper part of the underlying Skagen Group
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further south may suggest that deposition of Portfjeld
Formation carbonates was initiated in the outer shelf
while the inner shelf still received terrigenous sand and
mud (Surlyk & Ineson, 1987a). Farther north, the Portf-
jeld Formation is replaced by the carbonate dominated,
relatively deep-water Paradisfjeld Group (see below).

The Portfjeld Formation is overlain by siliciclastic
sediments of the Buen Formation without angular dis-
cordance (Fig. 8). The contact is sharp and upper levels
of the Portfjeld Formation in several areas are brec-
ciated and stained red (Davis & Higgins, 1987); clasts of
Portfjeld Formation are locally incorporated into the
base of the Buen Formation (O’Connor, 1979). It is
likely that this contact records subaerial exposure and
the resulting demise of much of the carbonate platform;
siliciclastic sedimentation was established following re-
newed submergence of the platform (see stage 3, be-
low).

The Portfjeld Formation can be readily correlated
with the Ella Bay Formation of Ellesmere Island to
which it shows striking similarities in both facies and
evolution (Peel & Christie, 1982; Long, 1989b). The
local unconformity between the Ella Bay Formation and
overlying siliciclastic sediments was interpreted by Long
(1989b) as a breakup unconformity.

An important event along the southern outcrop mar-
gin of the Franklinian Basin in western North Green-
land is reflected by the occurrence of a remarkable
mega-breccia around the head of Victoria Fjord (Surlyk
& Ineson, 1987a). This unit varies from 85-270 m in
thickness and was essentially formed by the collapse,
break-up and mass transport of the entire Portfjeld
Formation (Fig. 10). It rests upon an irregular topog-
raphy of crystalline basement or thin remnants of the
Upper Proterozoic Moraznesg Formation; it is itself
overlain by undisturbed sandstones and mudstones of
the Buen Formation. The breccia consists mainly of
blocks and large slabs of various types of dolomite and
cherty dolomite of the Portfjeld Formation, together
with large clasts of quartzite, gneissic basement rocks
and red siltstone, set in a carbonate matrix containing
abundant, very well rounded quartz grains. Clasts are
angular and very poorly sorted. The largest slabs are
more than 100 m long and may be tens of metres thick;
they are mainly subhorizontal but show all degrees of
deformation, from weak bending and doming to strong
folding, faulting and shearing. Slabs may have sharp
boundaries or they may pass both upwards and laterally
into progressively more deformed strata and eventually
into disorganised matrix-supported conglomerate.

In spite of the ubiquitous occurrence of folded and
tilted slabs, directional phenomena are not immediately
obvious in the field. However, measurements of fold

axes and the general southerly dip of slab surfaces sug-
gest a transport direction approximately toward the
north.

It is envisaged that violent earthquake activity associ-
ated with faults along the southern hinge line of the
Franklinian Basin in North Greenland shattered and
mobilised Proterozoic sediments and the already partly
lithified and probably karstified Portfjeld Formation,
generating a mega-debris flow which moved down-slope
to the north. Neither the geographic location nor the
geological origin of the presumed faults are known.
However, a major fault zone postdating all Lower Pa-
laeozoic strata and with downthrow generally to the
south extends ENE-WSW from eastern Peary Land,
crossing Henson Gletscher, the head of Jungersen
Gletscher, the land area south of Nares Land and south-
ern Wulff Land to Ryder Gletscher (see Fig. 58 in
Christiansen, 1989; Map 1). This fault lies just to the
north of most outcrops of the mega-breccia, but may
indicate an older zone of structurally weakness possibly
associated with generation of the breccia. The geometry
of the mega-breccia and its relationship to undisturbed
Portfjeld Formation are likewise uncertain; undisturbed
Portfjeld Formation is known as far west as Norden-
skiold Fjord, with isolated outcrops in fold cores in
northern Freuchen Land and northern Wulff Land. The
mega-breccia extends north-eastward to the central part
of the land area south of Nares Land, some 15 km
north-east of a zone of large-scale deformation, with
upright folds-of high amplitude, which may represent a
major ruck near the down-slope termination of the de-
bris sheet.

2T: Incipient trough

The Paradisfjeld Group (Friderichsen et al., 1982), a
sequence of calcareous mudstones, dolomites and con-
glomerates at least 1 km thick, is the deep-water equiv-
alent of the Portfjeld Formation (Surlyk et al., 1980).
This group is widely exposed in Johannes V. Jensen
Land and Nansen Land (Figs 1-5, Map 1), where it is
strongly deformed and outcrops generally in anticlinal
fold cores. Along strike from east to west there are few
facies changes, whereas more marked variations occur
from south to north. The group is probably entirely of
Early Cambrian age, although fossils (Chancelloria and
inarticulate brachiopods) are only known from the up-
per part (Peel & Higgins, 1980). A two fold division can
be recognised in most of the region of outcrop (Fig. 11):
a thick, lower unit of dark grey, uniform, carbonate
rocks, and a thinner upper unit of light coloured, more
varied carbonate lithologies (Friderichsen et al., 1982).
Preliminary descriptions of the group were given by




Fig. 10. A, large bent and folded
slabs of dolomite derived from the
Portfjeld Formation (stage 2S).
Southern Wulff Land. Note figure
for scale. B, disorganised matrix sup-
ported conglomerate. which itself
forms the matrix between the large
slabs shown in A.
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Dawes & Soper (1973), Friderichsen & Bengaard
(1985). Higgins er al. (1981) and Soper et al. (1980).
The lower division comprises largely dark coloured,
rubbly weathering carbonates and calcareous mud-
stones. The dark carbonates show poor bedding; tex-
tures are often deformed and recrystallised, but many
seem to have been poorly sorted calcarenites. The over-
all uniform nature of the lower division is occasionally
relieved by bands of light coloured calcareous turbidites
and calcarcous shales, but these are not sufficiently
continuous to permit any subdivision. Limestone con-

glomerates with outsize blocks (up to 50 m across) occur
locally.

The upper unit is conspicuous on account of its yellow
and orange weathering colours and varied lithologies:
the generally well bedded sequence includes light grey
and yellow dolomites, calcareous turbidites, a succes-
sion of up to six limestone conglomerate beds, and a
transitional 2040 m unit of orange-weathering calcare-
ous shales and siltstones which passes up into the over-
lving Polkorridoren Group.

Calcareous shales appear and become increasingly



important in the Paradisfjeld Group towards the north,
whereas the conglomerates thin out and disappear.
However, details of the lithological variations are diffi-

cult to untangle in the extreme north due to the intense
deformation.

Limestone conglomerates occur in the higher parts of
the upper division in a broad belt over a length of 250
km along the southern limit of the group. Both clast
supported and matrix supported types are present, the
latter dominating and showing a greater variety of clast
size. Clasts are mainly of light grey or pale grey carbon-
ate, usually from a few centimetres to tens of centi-
metres in length, set in a fine-grained carbonate matrix;
deformed rip-up clasts occur in some areas. The highest
conglomerate bed characteristically has a quartz sand
matrix. The beds are planar, with sharp, often erosive,
boundaries, and grading is common. Bed thickness nor-
mally varies between 15 ¢cm and 3 m, but composite
units as much as 15 m thick have been observed. The
sum of the sedimentary features suggests transport by
high-density turbidity currents and debris flows. The
original pebble fabric commonly has a strong tectonic
overprint, and transport directions have not been mea-
sured. Lithology and distribution, however, clearly in-
dicate a source area of the conglomerates in the south-
ern carbonate platform area.

The facies association of mainly grey limestones with
calcareous turbidites and related deposits points to-
wards a relatively deep-water slope and incipient trough
environment.

The southward transition of the Paradisfjeld Group
into the shallow marine sediments of the Portfjeld For-

Fig. 11. Major, northerly overturned
folds in castern Nansen Land. The
Paradisfjeld Group (stage 2T) is di-
vided into a lower sequence of dark
rubbly carbonates (PAd) and an up-
per sequence of light coloured dolo-
mites (PAl). Overlying dark weath-
ering rocks are siltstones and sand-
stones of the Polkorridoren Group
(P, stage 3T). The near summits are
650 m above the fjord.

mation of the carbonate shelf has not been directly
observed. The present line of demarcation between out-
crops of the two units (Fig. 5. stage 2) coincides with the
location of a low angle Ellesmerian thrust zone, and the
transition is hidden beneath the hanging wall sequence
(see Figs 65-67). A strong tectonic control of the origi-
nal carbonate shelf margin, which was probably an es-
carpment, has been suggested, and may have coincided
with a precursor to the present Harder Fjord fault zone
(Surlyk er al., 1980; Surlyk & Hurst, 1984; see Fig. 1).

Huge olistoliths derived from the Portfjeld Formation
occur in the lower part of the turbiditic Polkorridoren
Group (Fig. 12; Friderichsen & Bengaard, 1985). Thus
the Portfjeld Formation scarp persisted or was revived
by later faulting so that parts of it were still exposed in
Buen Formation — Polkorridoren Group times. Sub-
sequent to burial beneath the Ellesmerian thrust sheets,
the ancient fault line may have been reactivated in
Post-Ellesmerian time to form the present Harder Fjord
fault (Soper & Higgins, 1987).

Stage 3: Early Cambrian siliciclastic shelf and
turbidite trough

The passage from the second to the third stage in
basin evolution is characterised by marked differential
subsidence, leading to the formation of a deep-water
turbidite trough. This was accompanied by the south-
ward shift of the shelf-trough boundary to a position
possibly controlled by new faults (Fig. 5, stage 3). The
resultant shift in facies belts caused slope and trough
margin deposits of the Paradisfjeld Group to be over-



Fig. 12. Yellow weathering dolomite olistoliths of the Portfjeld
Formation (stage 2S) within a siltstone sequence of the Polkor-
ridoren Group (stage 3T), Nansen Land. The largest blocks are
150 m across.

lain by true deep-water trough deposits of the Polkorri-
doren Group, whereas the slope area retreated south-
wards. The marked increase in subsidence correlates
with an interruption of carbonate shelf deposition. The
water depth over the shelf, however, was not very great,
and the area still formed a well-defined shelf contrasting
with the deeper slope and trough environments. The
tectonic-sedimentological setting at this stage can thus
be visualised as follows:

Outside a shelf area receiving terrigenous mud and
sand, a wide slope was formed, characterised by deposi-
tion in a well-oxygenated environment of red and green
mudstones with occasional thin turbidites. Coarse clas-
tic material was probably funnelled across the shelf into
submarine canyons that still remain to be found. This
material was deposited by turbidity currents onto sev-
eral submarine fans, the outer parts of the fans showing
deflection westward following the east-west axis of the
basin.

38: Siliciclastic shelf

The shelf record of stage 3 is represented by silic-
iclastic sediments of the Buen Formation (Jepsen, 1971)
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in the region between Warming Land and Danmark
Fjord, and the Humboldt and Dallas Bugt Formations
in Washington Land and Inglefield Land, respectively
(Figs 1-4: Map 1; Peel & Christie, 1982; Peel er al.,
1982). Northwards these Lower Cambrian shelf depos-
its grade into the turbiditic Polkorridoren Group (see
below). The shell sediments overlie the platform car-
bonates of stage 2 in the arca east of Wulff Land (Figs 8,
9). but are seen to overstep onto Proterozoic sedimen-
tary rocks and Archaean gneisses to the south-west in
Inglefield Land (Peel er al., 1982); their extent in the
north-western part of the basin is not known as only
younger rocks are exposed in these areas. Shelf sedi-
ments of stage 3 are conformably overlain by carbonates
of stage 4 throughout North Greenland.

The Buen Formation (middle-late Early Cambrian)
ranges between 425 and about 500 m in thickness in its
southern outcrop, and about half this amount in the
outer shelf outcrops at Navarana Fjord and in northern
Wulff Land. The sediments of this stage thicken rapidly
northwards into the slope and the deep-water trough
(see below). They consist of a succession of sandstones
and mudstones, with rare conglomerates, and typically
can be subdivided into a lower, sandstone-dominated
unit and an upper, recessive, mudstone-dominated unit
(Fig. 8). In general, the proportion of sandstone in the
formation decreases northwards; hence. the formation
is sandstone-dominated in south-cast Peary Land and
southern Wulff Land (Jepsen, 1971; Hurst & Peel, 1979;
Bryant & Pickerill, 1990) but consists mainly of a thick
mudstone-dominated succession in the north-east Peary
Land to northern Nyeboe Land area (Christie & In-
eson, 1979; Davis & Higgins, 1987; Soper & Higgins,
1985; Surlyk & Ineson, 1987a). The sandstone unit con-
tains minor conglomerate and silty mudstone interbeds.
In its southern outcrop, medium to coarse-grained sand-
stones show abundant cross-stratification; large-scale
compound sets are common and locally show siltstone
drapes along low-angle foresets (3°-15°); compound sets
characteristically show a unimodal (northward) palaco-
current pattern whereas thin to medium-bedded. glau-
conitic sandstones often show herring-bone cross-bed-
ding. Bioturbation is common, particularly within thin-
bedded heterolithic facies from which Bryant & Picke-
rill (1990; see also Bergstrom & Peel, 1988) described a
varied ichnofauna; Skolithos is locally abundant near
the top of the sandstone unit. Hummocky cross-strat-
ified sandstones occur at certain levels in southern out-
crops but are the dominant facies in northern Wulff
Land. The upper fine-grained member is composed
mainly of laminated or bioturbated. grey-green silty
mudstones with subordinate interbeds (2-50 cm thick)
of medium to fine-grained sandstone showing parallel
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and ripple cross-lamination and hummocky cross-strat-
ification.

The Buen Formation represents a siliciclastic marine
shelf environment, the sandstone unit recording inshore
environments influenced by tides and high energy
storms, whereas the mudstone unit reflects a low-en-
ergy, outer shelf environment in which episodic high-
energy evenis were the result of storm-induced cur-
rents. The ubiquitous upward transition from sand-
dominated inner shelf to fine-grained outer shelf facies
reflects a regional sea-level rise during this depositional
phase.

The Dallas Bugt Formation (25-150 m) of Inglefield
Land clearly records the marine transgression of stage 3
during a period of abundant sediment supply. Feld-
spathic, coarse-grained pebbly red sandstones of fluvia-
tile origin unconformably overlie Proterozoic siliciclas-
tic sediments and crystalline basement rocks and are
succeeded by well sorted, white, large-scale cross-bed-
ded sandstones with reactivation surfaces and massive
beds with Skolithos. deposited under tidal influence.
The sandstones become interbedded with bioturbated
siltstones with Cruziana prior to grading up into dolo-
mites of the overlving Cape Leiper Formation (Peel er
al., 1982; Bergstrom & Peel, 1988). The Dallas Bugt
Formation is also recognised in immediately adjacent
Ellesmere Island, where it comprises the Bache Penin-
sula and Sverdrup Members of Christie (1967: see Peel
eral., 1982). Correlative strata in southern Washington
Land are referred to the Humboldt Formation.

3T: Turbidite trough

The change in trough sedimentation from the Paradi-
sfjeld Group carbonates to the Polkorridoren Group
sandstone turbidites and mudstones is a major step in
the evolution of the trough and reflects a dramatic in-
crease in subsidence, probably controlled by trough-
parallel faulting (Surlyk & Hurst, 1984). The corre-
sponding change on the shelf from the Portfjeld Forma-
tion dolomites to the Buen Formation siliciclastic sedi-
ments was initiated by shallowing of the shelf sea and
exposure of much of the carbonate platform (see
above). The earliest Polkorndoren Group sandstones
and mudstones may correspond to a hiatus at the base
of the Buen Formation (Davis & Higgins, 1987).

The Polkorridoren Group is widely exposed in Jo-
hannes V. Jensen Land and Nansen Land, in the in-
tensely deformed part of the North Greenland fold belt.
The total thickness of the group is estimated to be 2-3
km. and it is considered to be entirely of Early Cam-
brian age (Surlyk er al., 1980; Friderichsen et al., 1982).
Two main facies associations are present: black, green
and purple mudstones, and sandy turbidites. No formal
lithostratigraphic subdivision has yet been made.

The alternation of mud-dominated and sand-dom-
inated units, generally on a scale of 100-500 m thick,
has proved useful in defining local, informal stratig-
raphies (Fig. 13). A subdivision into six or seven parts
has been possible in eastern Johannes V. Jensen Land
and the islands east of Nansen Land (Soper er al., 1980;

Fig. 13. Regularly bedded sandstone
turbidite sequence (Ps) overlying re-
cessive siltstone and mudstone se-
quence (Pm), Polkorridoren Group
(stage 3T), north-east Nansen Land.
Folds are overturned northwards.
Highest summits reach 1100 m.



Higgins et al., 1985). Correlation of these units between
regions is difficult, however, and in some areas, such as
western Johannes V. Jensen Land, thinly bedded, finer
grained units are poorly developed and the sand-dom-
inated sequence can be indivisible. Sand-rich units typ-
ically consist of thick, often structureless beds that are
commonly amalgamated; fining-upward cycles on a
scale of 50-100 m are recognised locally. Intervening
mudstone units include thin-bedded sandstone turbi-
dites which may show abundant trace fossils at some
levels (Pickerill et al., 1982). Lateral variation in thick-
ness can be marked, and sand-rich units locally coalesce
or wedge out laterally. Carbonate conglomerate beds
occur at several levels in the sequence and sometimes
form persistent mapping units (see below).

The uppermost unit of the group, the Frigg Fjord
mudstone (Frinkl, 1955; Dawes & Soper, 1973; Frider-
ichsen ef al., 1982), has a more widespread, regional
distribution and can be recognised in various guises
between Johannes V. Jensen Land and south-east Nan-
sen Land. Along the southern trough margin, where the
sandstone turbidites have wedged out, the Frigg Fjord
mudstone extends stratigraphically further downwards.
This distinctive unit is up to 400 m thick and consists
mainly of purple and green mudstones. A sequence of
similarly coloured mudstones and thin, flaser-bedded
siltstones and sandstones which forms the uppermost
unit in north-west Nansen Land, is probably the lateral
equivalent of the Frigg Fjord mudstones.

Palacocurrent readings from Johannes V. Jensen
Land show three distinct modes towards the west, north
and. less commonly, east. The longitudinal transport
towards the west is interpreted as representing a deflec-
tion of the outer parts of northerly directed submarine
fans along the basin axis. In Nansen Land palaeocurrent
readings give a dominant northward mode, with a nar-
row range between north-east and north-west.

A persistent and spectacular carbonate conglomerate
level occurs about 600 m above the base of the Polkorri-
doren Group, and is traceable over a distance of 125 km
throughout southern Nansen Land and the islands to
the east and west (Friderichsen & Bengaard, 1985).
Individual clasts range from tens of centimetres in size
to outsize blocks up to 300 m in diameter (Fig. 12);
many blocks can be identified as Portfjeld Formation
lithologies. The yellow-weathering dolomite blocks,
which have been described as olistoliths, are totally
enveloped by dark-weathering siltstones of the Polkor-
ridoren Group. Relationships between the blocks and
the surrounding sediments are masked, however, by the
strong deformation. Most of the large blocks occur in
two clusters in southern Nansen Land, spread over dis-
tances along strike of 2-3 km and 8 km, respectively.
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Friderichsen & Bengaard (1985) suggested that the
blocks may have been derived from a submarine canyon
excavated in Portfjeld Formation dolomites at the
trough/shelf transition, whereas Soper & Higgins (1987)
consider their wide east-west distribution more indica-
tive of a line source, such as a precipitous, possibly
faulted platform margin.

Strong deformation precludes detailed facies analysis
and environmental reconstruction in many areas. The
general picture, however, is clear. At the shelf-slope
break the black and green mudstones of the upper part
of the Buen Formation gradually give way to varie-
gated, thickly developed Frigg Fjord mudstone facies
characterising the wide slope area. Further north thin
sandstone turbidites start to appear in the Frigg Fjord
mudstones reflecting the approach of the transition of
the base-of-slope area and the trough floor.

Sand was funnelled from the shelf across the slope
probably through a number of canyons. These have not
been observed in the field, however, most likely due to
the intense deformation of the Frigg Fjord mudstones
or due to cover by younger rocks. Many of the sandy
turbidites were deposited in a system of relatively small
borderland fans which were deflected towards the west
or less commonly towards the east along the trough
axis. Thick sequences of poorly-sorted, massive sand-
stone turbidites occur in some areas and possibly repre-
sent rapid sediment dumping in a channel mouth —
proximal lobe setting (Fig. 14). The dominance of sand-
stones in areas such as western Johannes V. Jensen
Land and Nansen Land would then represent major
depositional lobe systems of individual fans while in-
tervening mudstone-dominated areas reflect interfan
and basin plain environments.

Stage 4: Late Early Cambrian — Middle
Ordovician shelf and starved trough

From the late Early Cambrian to the Early Ordo-
vician, sedimentation in North Greenland was influen-
ced by two major tectonic developments: 1, differential
subsidence and southward expansion of the east-west
deep-water trough;, and 2, uplift in eastern North
Greenland, probably the effect of an early Caledonian
event. The influence of the latter was most pronounced
in eastern North Greenland and decreased westwards
(Fig. 4).

The evolution of the shelf from the late Early Cam-
brian to earliest Ordovician is best envisaged in terms of
two components: a progradational shelf in the eastern
areas (stage 4S,)) influenced by uplift in south-eastern
Freuchen Land, Peary Land and Kronprins Christian
Land (recorded by the Brenlund Fjord and Tavsens



Fig. 14. Thick, poorly or non-graded mid-fan sandstone turbidites of the Polkorndoren Group (stage 3T), central Johannes V
Jensen Land. Note person for scale

Iskappe Groups; Figs 2-4), and a western, uniformly
subsiding, aggradational shelf (stage 45,,) in areas west
of Nordenskiold Fjord (represented mainly by the
Ryder Gletscher Group; Figs 2-4, 15). During the Early
Ordovician (stage 4S,), following the end of active uplift
in eastern North Greenland, the shallow-water aggrada-
tional shelf persisted in western areas and expanded in
the late Early Ordovician to cover the entire North
Greenland shelf (Fig. 15).

4S8,,: Progradational Cambrian shelf

The eastern Cambrian shelf succession is dominated
by the Bronlund Fjord and Tavsens Iskappe Groups
which are a complex, diachronous array of prograding
carbonates with subordinate siliciclastic sediments (Figs
15-17A). The Middle(?) Cambrian Koch Vg Forma-
tion is the only Cambrian representative of the Ryder
Gletscher Group in this area. The Bronlund Fjord and
Tavsens Iskappe Groups attain their maximum devel-
opment (900 m in thickness) in south-west Peary Land
and south-east Freuchen Land and range in age from

late Early Cambrian to earliest Ordovician (Fig. 2; In-
eson & Peel, 1980, in prep.; Peel, 1982¢). The succes-
sion in the type area of southern Peary Land and south-
castern Freuchen Land is subdivided into twelve forma-
tions divided equally between the two groups (Fig. 16).
Two additional formations of the Brenlund Fjord
Group are recognised from south-west Freuchen Land
to Warming Land (see stage 4S,,) and a further two
formations are known from highly faulted outcrops in
north-cast Peary Land, around G. B. Schley Fjord (Fig.
16 and Map 1). The Bronlund Fjord and Tavsens Is-
kappe Groups also outcrop in anticlinal fold cores in the
northern coastal regions from Nyeboe Land, in the
wesl, to the J. P. Koch Fjord area, in the east (Figs 1,9,
16). The two lowest formations of the Bronlund Fjord
Group in its type area are recognised in these northern
outcrops, while an overlying new formation (Kap Stan-
ton Formation, unit 3 of Higgins & Soper, 1985) is
assigned to the Tavsens Iskappe Group (Fig. 16).
16).

To the cast of Freuchen Land, progressive uplift and
erosion resulted in an unconformity at the base of the
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Fig. 15. Schematic cross-section showing relationships between platform interior, platform margin and outer shelf-slope rocks of

stage 45, ; at the head of Nordenskiold Fjord.

succeeding Wandel Valley Formation (Early-Middle
Ordovician), which consequently oversteps eastwards
on to older units of the Brgnlund Fjord and Tavsens
Iskappe Groups to ultimately rest on Proterozoic strata
in eastern North Greenland (Figs 4, 15). Thus, the
‘Tavsens Iskappe Group has been eroded or was never
deposited in areas to the east of central southern Peary
Land, while the Brgnlund Fjord Group persisted east-
ward to Independence Fjord (see Map 1).

The complex nature of the lithostratigraphic scheme
applied to the sediments of the Bregnlund Fjord and
Tavsens Iskappe Groups (Figs 15, 16) reflects the rapid
lateral facies variations within the succession (Ineson,
1985). Three major environments are recognised:
starved ramp, platform margin and outer shelf-slope.

Starved ramp facies form a distinctive unit at the base
of the Br¢gnlund Fjord Group, marking the transition
from the siliciclastic-dominated marine shelf (Buen For-
mation, stage 38) to the succeeding carbonate regime.
The remainder of the Brgnlund Fjord Group and Tav-
sens Iskappe Group forms a progradational platform
margin — outer shelf system (Fig. 15). Platform interior

rocks are rarely preserved within this regressive succes-
sion and are represented only by the Koch Vag Forma-
tion of the Ryder Gletscher Group (Fig. 17A, see also
Fig. 20).

The starved ramp deposits at the base of the Aftenst-
jernesg Formation consist of a 2-7 m thick unit of phos-
phoritic, glauconitic skeletal grainstones, packstones
and wackestones (and dolomitised equivalents) with
subordinate burrowed terrigenous siltstones (Fig. 18).
Bioturbation is widespread and bedding is typically nod-
ular or wavy; sedimentary structures such as shell imbri-
cation and current ripple cross-lamination are preserved
locally. Black or dark brown phosphorite occurs as de-
trital grains in winnowed shell lags, as irregular nodules
and within impregnated, pyritic hardground surfaces
(Frykman, 1980).

This highly condensed interval clearly records a pe-
riod of sediment starvation on the Cambrian shelf
(Hurst & Surlyk, 1983b; Ineson, 1985). As the supply of
terrigenous sediment declined due to transgression and
drowning of sediment sources, carbonate production
gradually took over. The starved, muddy carbonate
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Fig. 16. Map showing the distribution (black) of the Bronlund Fjord and Tavsens Iskappe Groups in North Greenland, and their
component formations (Brgnlund Fjord Group stippled). These stratigraphic groups consist of platform margin and outer shelf
rocks forming the Cambrian progradational succession (stage 4S,,) in eastern areas and along the northern coast. West of southern
Freuchen Land, outer-shelf and platform margin rocks are restricted to the Kap Troedsson and Bistrup Land Formations at the
base of a thick Cambrian and Ordovician aggradational succession of platform interior carbonates (Ryder Gletscher Group, stages

45y,.2)-

ramp represents the transitional phase, preceding the
establishment of a flat-topped carbonate platform. This
interval is equivalent to the ramp facies of the Kap
Troedsson Formation in the western area (stage 4S,,;
Figs 15, 17B).

As carbonate sedimentation became established, the
shelf environment was resolved into a shallow-water
platform that passed northwards via a carbonate slope
into a deeper water, outer shelf region. Rocks of the
platform interior (Ryder Gletscher Group) pass north-
wards into thick bedded or massive dolomites of the
carbonate platform margin (Figs 15, 17A, 19). Typ-
ically, these dolomites are trough cross-bedded, well-
sorted, ooid, peloid and intraclast grainstones that rec-
ord sedimentation in a high-energy, shallow-water set-
ting at the outer margin of the platform. Associated
facies in this setting include archaeocyathid-algal bio-
stromes in the Lower Cambrian Paralleldal Formation
and thrombolitic algal mounds in Upper Cambrian
sandy foreslope deposits of the Perssuaq Gletscher For-
mation. Mature quartzitic sandstones with well rounded
grains form a large proportion of the latter formation,
particularly in more northerly localities, where trough

cross-bedded, medium-grained sandstones alternate
with bioturbated parallel-laminated sandstones and
sandy mass-flow deposits (Fig. 21; Surlyk & Ineson,
1987a).

The transition from platform edge to outer shelf-
slope is often marked by spectacular foreslope deposits
that show northward primary dips of up to 30°. The
foreslope grainstones and carbonate mass-flow deposits
wedge out northwards, interdigitating with dark carbon-
ates of the slope and outer shelf; this transition is su-
perbly illustrated within the Perssuaq Gletscher, Lgndal
and Bistrup Land Formations, at the transition from the
western aggradational platform to the eastern succes-
sion (Figs 15-17A, 20, 21).

Quter shelf and slope rocks make up over two-thirds
of the Brgnlund Fjord and Tavsens Iskappe Groups
(Figs 15, 16, 22), forming continuous sections up to 450
m thick in south-western Peary Land. Typically, they
consist of thinly bedded, dark, hemipelagic lime mud-
stones and nodular limestones, interbedded with graded
limestones and chaotic carbonate breccia beds. Second-
ary dolomitisation affects nearly three-quarters of the
succession, and occurs preferentially within thick-bed-



Fig. 17. A, Sequence of prograding platform margin carbonates (stage 4S,) on the east side of Henson Gletscher, western Peary Land. Foreslope and margin sediments
of the Perssuaq Gletscher Formation (PG) of the Tavsens Iskappe Group are overlain by restricted platform interior carbonates of the Koch Vag Formation (KV) and
Wandel Valley Formation (W) of the Ryder Gletscher Group (stage 4S,,). Northward progradation of units within the Perssuaq Gletscher Formation produced the
inclined depositional surfaces seen to the right. A dolomite mound (m) to the left is well bedded dolomites and siltstones of the Koch Vieg Formation which are overlain
by dolomites of the Wandel Valley Formation. The cliff is 600 m high, and is cut by a draped by dyke (d). B, Platform carbonates and siltstones of the Blifjeld (B,).
Brikkerne (B,) and Blue Cliffs (B;) Formations of the Ryder Gletscher Group iwerlyving dolomites of the Brenlund Fjord Group (BF, Kap Troedsson and Bistrup
Land Formations; stage 4s,,) and recessive siliciclastics of the Buen Formation (BU, stage 35). south-west Wulff Land. The Blafjeld Formation is 100 m thick.

S6
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Fig. 18. Nodular glauconitic dolomites with black phosphorite
nodules and hardgrounds of the starved deep ramp, overlain by
mass-flow brecia representing the prograding carbonate slope.
Basal Aftenstjernese Formation (stage 4S,). Hammer for
scale.

ded coarse-grained intervals. The hemipelagites are
commonly bituminous, argillaceous and cherty and of-
ten contain small phosphatic brachiopods, trilobites and
sponge spicules; this facies is typical of the Henson
Gletscher, Ekspedition Bre, Erlandsen Land and Holm
Dal Formations (Figs 16, 22, 23). Even, parallel, occa-
sionally micrograded, lamination is the dominant sedi-
mentary structure. Chondrites burrows occur at certain
levels. Some sections show a regular, cyclic alternation
of burrowed and non-burrowed, laminated carbonate
mudstones, reflecting rhythmic variations in the degree
of oxygenation of bottom waters. The interbedded
graded limestone beds range from silty lime mudstones
less than 5 em thick, to thick-bedded (<60 cm), coarse-
grained peloidal grainstones showing Tab and Tabc
Bouma divisions; they are the deposits of low-density
turbidity currents derived from the upper slope and
platform margin.

Very thinly bedded, nodular carbonates are a striking
feature of the outer shelf and slope rocks, and are
particularly well-developed in the Aftenstjernese, Syd-

passet and Fimbuldal Formations (Figs 15, 16). Now
composed mainly of dolomite or neomorphic calcite
spar, these beds show a complex, platy, nodular band-
ing that probably reflects primary interbedding of tur-
biditic and hemipelagic lime mud, enhanced by early
diagenetic, differential cementation. Interstratal sliding
within such partially lithified sediments resulted in a
spectacular array of slope creep structures. These range
from pull-aparts, boudins, microfaults and discontin-
uous, locally discordant interstratal breccias to folds and
hummocks with relief of up to 10 m and wavelength up
to several tens of metres (Fig. 24; Ineson, 1985).

Carbonate breccia beds, often dolomitised, range
from 0.2 to 45 m in thickness and are mainly sheet-like,
non-channellised deposits. Typically clast-supported,
these beds are internally unstratified, chaotic and
poorly sorted, with an interstitial carbonate mud ma-
trix; they are interpreted as the deposits of submarine
debris flows (Ineson, 1980, 1985). Platform-derived
blocks of ooid grainstone up to several tens of metres
across are prominent in some breccia beds, particularly
within the Aftenstjernesg, Sydpasset, Lonelv and Fim-
buldal Formations (Figs 5, 16, 19). More commonly,
however, the breccias consist of coarse pebble to cob-
ble-sized, platy. angular fragments derived from slope
environments (Fig. 25). All stages of slope mass wast-
age are preserved in the succession from slope creep
through sliding and slumping to mass flow.

A siliciclastic sand wedge, up to 124 m thick, in-
terrupts the outer shelf-slope carbonates at around the
Early to Middle Cambrian boundary, forming the Sa-
terdal Formation and much of the Henson Gletscher
Formation (Figs 15, 16). The sand wedge is persistent
along depositional strike (roughly east-west) for over
300 km, from northern Nyeboe Land to central Peary
Land and, despite a general northward thinning, it ex-
tends over 40 km from south to north normal to deposi-
tional strike. It consists of pale-weathering, thin to very
thick-bedded, fine-grained sheet sandstones, interbed-
ded with burrowed, laminated sandy siltstones (Figs 19,
22). Although commonly structureless, some sandstone
beds show dewatering structures, parallel lamination
and hummocky cross-stratification. The sand was prob-
ably transported seawards during severe storms, but
subsequent remobilisation and mass flow transport far-
ther down the slope can be documented in several cases.

Coeval outermost shelf and slope rocks of late Early
Cambrian to Early Ordovician age outcrop between
northern Nyeboe Land and J. P. Koch Fjord in a series
of anticlinal fold cores (Figs 2, 4, 16). This succession
was initially described in terms of three provisional units
by Higgins & Soper (1985); their fourth unit, equivalent
to the Amundsen Land Group, forms part of stage 5S..
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Fig. 19. Cambnian platform margin sequence at the head of Nordenskiold Fjord. Outer shelf sandstones and mudstones of the
Buen Formation (BU, stage 35) are overlain by slope carbonates and debris flow units of the Aftenstjerneso (A) and Henson
Gletscher (HG) Formations of the Branlund Fjord Group (stage -lS,!,) with conspicuous olistoliths. Succeeding platform margin
carbonate grainstones of the Bistrup Land Formation (BL, Branlund Fjord Group, stage 4S,,) are overlain by platform carbonates
and siliciclastic rocks of the Blue Cliffs Formation (B.) of the Ryder Gletscher Group, stage 4S,). Chiff is 700 m high. {-f: fault.

The lower two units are distal, outermost shelf repre-
sentatives of the Aftenstjernesg and Henson Gletscher
Formations. The third unit (upper Middle Cambrian —
lowermost Ordovician) is considered to be a new forma-
tion of the Tavsens Iskappe Group (Kap Stanton For-
mation: Ineson & Peel, in prep.). and shows a some-
what different development from its more proximal
shelf equivalents (Fig. 26). It is generally between 150 m
and 300 m thick, and is mainly composed of dark lime
mudstones, although lime turbidites in beds from 10 cm
to | m thick are conspicuous in eastern outcrops. Al-
ternations of thin-bedded, grey, nodular or banded
limestones and yellow-orange dolomites dominate in
western outcrops, while carbonate breccia beds are
common in every section.

Traced northwards towards the limit of exposure, in
northern Nares Land, northern Freuchen Land and
along the cast side of central J. P. Koch Fjord, the
division into the Aftenstjernesg, Henson Gletscher and
Kap Stanton Formations fails and the total thickness of

this succession is less than 100 m. The deposits in these
areas consist almost entirely of chert and cherty shale,
indicating a starved deep shelf or slope environment
throughout the late Early Cambrian to Early Ordo-
vician. Farther north still, in southern Johannes V. Jen-
sen Land the succession thickens again, but now repre-
sents the trough deposits of the Valvedal Group (see
stage 4T).

It is clear from Fig. 15 that the Brénlund Fjord and
Tavsens Iskappe Groups together reflect a major, shal-
lowing-upward, progradational episode, probably con-
trolled by regional uplift of eastern North Greenland
during the Middle and Late Cambrian. Fine-grained
outer shelf-slope rocks dominate the succession but are
everywhere overlain by, and grade southwards into,
platform carbonates (Figs 15-17A, 19-22), reflecting
northward progradation of shallow-water environ-
ments. In southern Peary Land, palaeocurrents, palae-
oslopes and facies patterns indicate progradation to-
wards the north-north-west, whereas in south-west
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Fig. 20. Northward prograding platform margin carbonates (stage 45,)) of the Perssuaq Gletscher Formation (PG; Tavsens
Iskappe Group) overlain by platform interior carbonates of the Koch Vieg Formation (KV) and Wandel Valley Formation (W
note basal unconformity) of the Ryder Gletscher Group (stage 45, ,). Note the lenticular, sigmoidal form of individual stratal
units within the progradational interval. East side of Henson Gletscher; representing the central part of Fig. 17A.

Fig. 21. Prograding siliciclastics and carbonates of the Perssuaq Gletscher Formation (PG) overlying outer shelf carbonates and
shales of the Holm Dal (HD) and Fimbuldal (F) Formations (all Tavsens Iskappe Group, stage 4S,,). Platform dolomites of the
Wandel Valley Formation (W, stage 4S,) unconformably overlie the Perssuaq Gletscher Formation. East side of J. P. Koch Fjord,
western Peary Land. Height of cliff about 1000 m: d, dyke.
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Fig. 22. Slope and outer shelf carbonate and siliciclastic sediments of the Bronlund Fjord and Tavsens Iskappe Groups (stage 48, ;
see Fig, 16) east of J. P. Koch Fjord. Note the cyclic alternation between cliff-forming carbonate formations and recessive, mixed
siliciclastic-carbonate formations; light-coloured sheet sandstones in the Henson Gletscher Formation (HG) are also visible in Fig.
19. AF, Aftenstjernese Formation; S, Sydpasset Formation; EB, Ekspedition Bre Formation; F, Fimbuldal Formation.

Fig. 23. Outer shelf bituminous silty
dolomites of the Henson Gletscher
Formation (stage 4S,;,) west of J. P.
Koch Fjord. Note the well-devel-
oped parallel lamination and nodular
structure.

70
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Fig. 24. Spectacular hummocks within thin-bedded slope carbonates of the Aftenstjernese Formation (AF: Brenlund Fjord
Group stage 45,) formed by interstratal slope creep and incipient sliding. Arrow indicates the plane of detachment. Southern
Freuchen Land. HG. Henson Gletscher Formation. Height of cliff is about 100 m.

Fig. 25. Intraformational breccia
(debris flow) formed of platy light
and dark coloured lime mudstones;
this rock type is abundant in the
outer shelf equivalent of the Tavsens
Iskappe Group (stage 4S,;) of north-
ern Nyeboe Land.




Fig. 26. Bronlund Fjord and Tavsens Iskappe Groups exposed south-west of Hand Bugt, northern Nyeboe Land; the type locality
of the Kap Stanton Formation (KS). The inverted succession youngs to the right (south). BU, Buen Formation; A, Aftenstjernse
Formation; HG, Henson Gletscher Formation.

Freuchen Land the platform prograded towards the
north-cast, at least locally. Superimposed on this overall
regressive trend is a well-developed reciprocal sedimen-
tation pattern, recording periods of extensive carbonate
platform development alternating with periods of mixed
carbonate-siliciclastic sedimentation (Ineson, 1988).

48,,: Aggradational Cambrian platform

The western part of the Cambrian shelf is represented
by a thick and varied succession of carbonates, mainly
of restricted platform aspect (sensu Wilson, 1975) with
subordinate siliciclastic sediments and evaporites, which
are assigned to the Brenlund Fjord Group and the
lower part of the Ryder Gletscher Group (Figs 2. 15.
17B). In the Warming Land — Nares Land area, this
succession conformably overlies the fine-grained silic-
iclastic sediments of the Buen Formation (stage 3S). In
Inglefield Land and Washington Land, to the west. the
Brenlund Fjord Group is not recognised and the Ryder
Gletscher Group succeeds siliciclastic sediments of
stage 38 (the Dallas Bugt and Humboldt Formations;
Fig. 2).

The Kap Troedsson and Bistrup Land Formations of
the Bronlund Fjord Group record the evolution from
the siliciclastic outer shelf (Buen Formation, stage 3S)
to the shallow-water aggradational shelf (Ryder
Gletscher Group) in outcrops between south-west Freu-
chen Land and Warming Land (Figs 15, 17B). The
argillaceous lime mudstones and skeletal grainstones of
the Kap Troedsson Formation (maximum thickness 65
m) represent a storm-dominated carbonate ramp that
developed during the initial stages of carbonate sedi-
mentation on the shelf. The succeeding formation (Bis-
trup Land Formation, 80 m thick) consists essentially of
a lower unit of dolomitised mass-flow carbonate brec-
cias and carbonate turbidites overlain by an upper suc-

cession of trough cross-bedded and hummocky cross-
stratified carbonate grainstones. This formation records
the progressive development and northward prograda-
tion of a flat-topped, rimmed carbonate platform with a
high-energy margin and flanking carbonate slope depos-
its. In south-west Freuchen Land, at the transition from
the western aggradational platform into the outer shelf-
slope succession (stage 4S.). the platform margin facies
thickens markedly (Figs 15, 19) and includes a 200 m
thick sequence of dolomitised algal boundstones with
archacocyathans.

The Ryder Gletscher Group is sedimentologically
best known in its type area, namely the Warming Land -
Nares Land region. where the Cambrian portion (Figs
2. 4) attains a total thickness of about 470 m (Bryvant &
Smith, 1985: Ineson & Peel, 1987; Peel & Wrght,
1985). Within the castern shelf succession the group is
represented within the Cambrian only by the Middle(?)
Cambrian Koch Veg Formation (Figs 17A, 20). Earlier
stratigraphic nomenclature is based on sections in In-
glefield Land and Washington Land where the complete
Cambrian sequence of the Ryder Gletscher Group is
approximately 590-680 m thick (summaries by Peel &
Christie, 1982; Dawes, 1976; Peel, 1982a: Fig. 2).

Cambrian strata of the Ryder Gletscher Group are in
the type area assigned to the Blafjeld, Brikkerne and
Blue Cliffs Formations (Fig. 17B). They consist of dessi-
cation cracked stromatolitic and cryptalgal dolomites,
dark burrow-mottled dolomites, silty lime mudstones
and flat-pebble conglomerates. Thrombolitic and stro-
matolitic bioherms with relief of several metres are de-
veloped at several levels in this sequence (Fig. 27).
Dessication-cracked. wave-rippled and cross-bedded,
fine to medium-grained sandstones and siltstones occur
locally in the upper half of the Blue Cliffs Formation
(RG6 of Peel & Wright, 1985). These poorly fossilif-
crous formations record sedimentation on a restricted
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Fig. 27. Stromatolite mound within dolomites of the Brikkerne Formation (Ryder Gletscher Group: stage 45,,). The horizontal
and vertical sections illustrate the linked columnar form of the stromatolitic framework. South-western Wulff Land.

carbonate platform in shallow subtidal and intertidal
environments. The increased siliciclastic content rela-
tive to the equivalent carbonates of the Cass Fjord
Formation of Washington Land (Figs 2, 4) reflects prox-
imity to the emergent eastern shelf in Late Cambrian
times (see below and stage 4S,,).

Contemporaneous Cambrian platform strata of the
Ryder Gletscher Group in Washington Land are as-
signed to the Kastrup Elv, Telt Bugt and Cass Fjord
Formations (Henriksen & Peel, 1976; see Fig. 2). The
Kastrup Elv Formation (Early-Middle Cambrian) is ap-
proximately 140 m thick and dominated by well-bed-
ded, mottled, crystalline dolomites (Fig. 28A). Paler
units of more finely crystalline, laminated dolomites,
with stromatolites, occur in the upper part of the forma-
tion. The overlying Middle Cambrian Telt Bugt Forma-
tion (5-100 m) consists mainly of thin, irregularly bed-
ded. mottled micritic limestones with a wavy silty lami-
nation. The formation grades up into the overlying Cass
Fjord Formation which is widely distributed in Washing-
ton Land, Inglefield Land and adjacent Ellesmere Is-
land (Peel & Christie, 1982). The latter formation at-

tains a thickness of 470 m in southern Washington Land,
but this includes the Kap Coppinger Member (1-30 m)
and overlying carbonates at the top of the formation,
discussed below (Fig. 28B). The typical Cass Fjord lith-
ology consists of thin, irregularly bedded, micritic lime-
stones with a wavy, silty lamination; scours, ripple
marks, dessication cracks and burrows are abundant.
Laterally extensive beds of flat-pebble conglomerate up
to 50 e¢m in thickness are common. Calcarenites, thinly
bedded, finely recrystallised massive dolomites. thin
beds of siltstone and well-sorted sandstone, rare oolites
and thin beds of evaporites may be locally prominent.

The Kastrup Elv and Telt Bugt Formations resemble
the Blifjeld and Brikkerne Formations of Wulff Land
and Nares Land, while the Cass Fjord Formation below
the Kap Coppinger Member is very similar to the Blue
Cliffs Formation. They represent environments ranging
from restricted sub-tidal lagoons to intertidal and supra-
tidal carbonate mud flats, locally evaporitic.

In Inglefield Land, large-scale cross-bedded to struc-
tureless dolomites of the Cape Leiper and Cape In-
gersoll Formations (about 40 m) conformably overlie



Fig. 28. A, Carbonate sediments of
the Cambnan aggradational plat-
form succession of the Ryder
Gletscher Group (stage 4S,,) in
southern Washington Land. Dolo-
mites of the Kastrup Elv Formation
(KE; Early-Middle Cambrian) are
overlain by the Cass Fjord Forma-
tion (CF: Middie-Late Cambrian) of
mainly micritic limestones. The in-
tervening Telt Bugt Formation is on-
Iy i few metres thick in this area, and
outcrops are covered by talus. Ordo-
vician strata forming the upper part
of the Cass Fjord Formation are not
visible. About 500 m of strata are
exposed. B, Upper parts of the Cass
Fjord Formation (CF) and overlying
micritic limestones of the Cape Clay
Formation (CY) of the Ryder
Gletscher Group (stage 4S,,.) in
southern Washington Land. Quartz-
ites of the Kap Coppmger Member
(KCM: about 1.5 m) approximately
delimit  the Cambrian-Ordovician
boundary. The dark unit forming the
cliff top in A forms the prominent
dark unit in the middie of the cliff.
Height of cliff about 500 m.

siliciclastic sediments of the Dallas Bugt Formation
(stage 3S: Fig. 2). Succeeding limestones of the Wulff
River and Cape Wood Formations (Lower-Middle
Cambrian; thickness about 150 m) are lithologically
very similar to the Telt Bugt Formation of Washington
Land (Pecl & Christie, 1982; Peel, 1982a). The Cape
Kent Formation (Lower Cambrian; thickness 5-10 m)
lies between the latter two formations in Inglefield
Land. It is a distinctive unit of oolitic limestone recog-
nised on both sides of Kane Basin (Troelsen, 1950), and
represents deposition on high energy ooid sand banks in
shallow turbulent water.

The Permin Land Formation and its correlative Kap
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Coppinger Member of the Cass Fjord Formation form a
conspicuous horizon across western North Greenland
and broadly serve to separate Cambrian formations of
the Ryder Gletscher Group from Ordovician forma-
tions of the same group (Figs 28B, 29). The Permin
Land Formation conformably overlies the Blue Cliffs
Formation between Warming Land and the land area
south of Nares Land (Fig. 29) and is of earliest Ordo-
vician age (Bryant & Smith. 1985, 1990). It comprises
up to 53 m of well-sorted. well-rounded medium to
fine-grained sandstones with subordinate grey dolomite
and siltstone interbeds. Sedimentary structures include
trough and tabular cross-bedding, wave-ripple lamina-



104

tion and flat and low-angle lamination: palaeocurrent
directions are widely dispersed (Bryant & Smith, 1985,
1990). The formation represents a shallow marine sand
sheet of considerable lateral extent which can be traced
westwards from south-western Freuchen Land into
Washington Land where it forms the Kap Coppinger
Member of the Cass Fjord Formation (Figs 2, 28B).
This widespread clastic incursion during the earliest
Ordovician is correlated with the time of maximum
regression and exposure in castern North Greenland
(Fig. 4). Furthermore, Bryant & Smith (1990) propose
that pulses of westward progradation of siliciclastic sedi-
ments can be correlated with eustatic sea-level low-
stands. Broadly contemporaneous siliciclastic incursions
also occurred in outer shelf environments (upper Tav-
sens Iskappe Group) and in trough environments (Val-
vedal Group).

Outer shelf and slope facies of Cambrian and early
Ordovician age in this western area are exposed in-
termittently along the northern coastline of western and
central North Greenland between Nyeboe Land and
Nares Land. These rocks are readily correlated with the
more extensive outer shelf-slope rocks of the prograda-
tional castern shelf and have been described briefly
together with the eastern succession (see stage 45,
above).

4S,: Ordovician aggradational platform

Regional uplift of the eastern shelf was probably initi-
ated as early as the late Early Cambrian (uppermost
stage 3) and culminated in extensive exposure of the

Fig. 29. Section from the upper part
of the Blue Cliffs Formation (Bs). at
base. through the Permin Land
(PL), Johansen Land (J)., Warming
Land (WA), Steensby Gletscher
(5G) and Cape Webster (CW) For-
mations. all Ryder Gletscher Group
(stage 45, ) of platform interior orni-
gin. The Kap Jackson Formation
(KJ) of the Morns Bugt Group
(stage 58,) forms the top of cliff.
which is 600 m high. Southern Per-
min Land.

shelf during the latest Cambrian and earliest Ordo-
vician. The resultant hiatus decreases in stratigraphic
importance towards the west (Figs 2, 4. 15, 30, 31).
Although the hiatus partly represents non-deposition
due to progressive shelf exposure during the later part
of the Cambrian, it also records extensive crosion of
carliecr Cambrian and late Precambrian strata. In east-
ern North Greenland, this erosion may have removed
up to 1 km of section and the detritus was probably shed
northwards, contributing to the North Greenland
trough fill in the latest Cambrian and Early Ordovician
(Hurst & Surlyk, 1983b: Surlyk & Hurst, 1984). In
south-western Peary Land and Freuchen Land, shelf
emergence was preceded by deposition of a thick suc-
cession of northward-prograding quartz-rich siliciclastic
sediments (Perssuaq Gletscher Formation: Fig. 21) of
Late Cambrian to earliest Ordovician age. This regres-
sive clastic influx is represented farther west by the
shallow marine siliciclastic sediments of the Permin
Land Formation (see stage 4S,, and Fig. 15; Bryant &
Smith, 1990) and to the north in the trough by the
sandstone turbidites of the Velvedal Group (Surlyk &
Hurst, 1984; Surlyk er al., in prep.). Migration of these
regressive siliciclastic sediments over the exposed kar-
stified platform in the east is recorded by sandstone
infilling karstic fractures and vugs.

This episode of westward propagating, progressive
regional uplift in eastern areas of North Greenland dur-
ing the later part of the Cambrian and earliest Ordo-
vician has been interpreted as the record of westward
expansion of a peripheral bulge during an early collision
event along the western margin of the lapetus Ocean



Fig. 30, Lower Ordovician dolomites
of the Wandel Valley Formation (W
Ryder Gletscher Group. stage 4S,)
unconformably  overlying Lower
Cambnian dolomites of the Bronlund
Fjord Group (BFG; Aftenstjernese
and Parallcldal Formations: stage
45,,). The hiatus represented by the
unconformity bencath the Wandel
Valley Formation decreases in mag-
nitude to the west such that angular
discordance has not been recognised
west of Nares Land (see Fig. 31).
Southern Peary Land, with the base
camp used during the first phase of
the North Greenland Project. Bu.
Buen Formation. Cliff is 600 m.

(Surlyk & Hurst, 1984). Uplift in central and eastern
North Greenland ceased sometime in the Early Ordo-
vician, and was followed by regional marine transgres-
sion in the late Early Ordovician. probably partly as a
result of a custatic sea-level rise. The previously ex-
posed eastern portion of the North Greenland shelf thus
became part of a continuous, mainly low-cnergy shallow
marine aggradational shelf, extending across North
Greenland. Platform sedimentation in the east is rec-
orded by the Wandel Valley Formation (late Early —
Middle Ordovician) and the Sjzlland Fjelde Formation
(early Middle Ordovician) of the Ryder Gletscher
group (Figs 2, 4, 15, 17A, 20, 21, 30; Chrnistiec & Peel,
1977; Ineson er al., 1986; Peel & Smith, 1988). In the
western areas the Cambrian aggradational shelf contin-

Fig. 31. Restricted platform sedi-
ments of the Ryder Gletscher Group
(stage 45,) east of the southern tip of
Nares Land, showing the western ex-
tension of the sub-Wandel Valley
Formation unconformity (u) within
the Warming Land Formation (WA).
Basal beds of the latter, and of the
underlying Johansen Land (J) and
Permin Land (PL) Formations, are
truncated over the crest of a shallow
E-W trending anticline. B;. Blue
Cliffs Formation; SG, Steensby
Gletscher Formation: CW, Cape
Webster Formation. The Permin
Land Formation is 23 m thick.
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ued its development into the Ordovician, as recorded by
strata above the Permin Land Formation and its correla-
tive Kap Coppinger Member (Figs 2, 4, 29, 31).

The Wandel Valley Formation (320410 m) is dom-
inated by pale dolomites. These may be burrow mottled
with an irregular, parallel, discontinuous lamination, or
exhibit cryptalgal and horizontal lamination, and wave
and current formed cross-lamination, as well as dessica-
tion and water escape features. In the lower part of the
formation dark, nodular, burrow mottled, pelletal lime
mudstones contaiming Ceratopea and other gastropods
are interbedded with the dolomites in 2-5 m, rarely up
to 15 m, thick shallowing upwards cycles (Hurst & Sur-
lyk, 1983b; Sonderholm & Due, 1985; Peel & Smith,
1988). The Wandel Valley Formation thus represents
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deposition in low-energy tidal flat and lagoonal envi-
ronments on a slowly, but continuously subsiding plat-
form.

In Kronprins Christian Land, the Wandel Valley For-
mation is overlain by the Sjzlland Fjelde Formation
(105 m) which in the lower part is dominated by biotur-
bated, skeletal lime mudstones and burrow mottled do-
lomites, with flat pebble conglomerates occurring
throughout. The upper part is characterised by pale
weathering, cryptalgally laminated dolomites. Spar-fil-
led vugs and fenestrae, dessication cracks and stromato-
lite domes are common in places, as are bioturbation
and halite pseudomorphs. The sediments reflect deposi-
tion in generally low-energy, shallow subtidal to low
supratidal, locally evaporitic, environments (Ineson et
al., 1986; Peel & Smith, 1988).

The shallow marine sandstones of the Permin Land
Formation in the western part of North Greenland mark
a change from dominantly restricted carbonate platform
deposits beneath (stage 4S,,) to an alternation of re-
stricted and more open marine carbonate facies above
(stage 4S,). This shift, which roughly coincides with the
Cambrian-Ordovician boundary, was probably the re-
sult of a slight relative sea-level rise displacing the facies
belts of the carbonate platform southwards.

The western part of the Ordovician succession as-
signed to the Ryder Gletscher Group can be regarded in
terms of two major shallowing-upward cycles. Each cy-
cle begins with carbonates, mainly of shallow subtidal
aspect, which pass up into peritidal facies, often associ-
ated with evaporitic deposits, The thickness of these
deposits increases from approximately 335 m in Nares

Land to 850 m in Washington Land, reflecting decreas-
ing influence of the area of uplift in the Peary Land
region.

The lower, dominantly subtidal portion of the first
cycle is represented by the Johansen Land Formation
(15-35 m) in central and more western parts of North
Greenland (Figs 29, 31) and by the uppermost Cass
Fjord (30 m), Cape Clay (50 m) and Christian Elv (140
m) Formations in Washington Land (Henriksen & Peel,
1976; Senderholm & Due, 1985; Fig. 28B). These
mainly comprise burrow-mottled, nodular dolomites
and lime mudstones with subordinate wave and current-
rippled lime grainstones and flat-pebble conglomerates.
Occasional algally laminated dolomites, columnar stro-
matolites, scalloped surfaces and siliciclastic intervals in
the Washington Land sequence reflect periodic shallow-
ing into the intertidal zone.

The upper portion of this cycle in the Warming Land
— Nares Land area (Warming Land Formation; 50-150
m) consists of alternating dark and light grey fine-
grained dolomites showing current and wave-ripple
cross lamination, flaser and wavy bedding and abundant
bioturbation (Fig. 32). Scalloped surfaces, cryptalgal
dolomites with desiccation cracks and gypsum nucle-
ation cones pseudomorphed by chert occur in places.
These sediments were deposited on prograding tidal
flats, dominated by very shallow subtidal to supratidal,
locally probably evaporitic, environments (Senderholm
& Due, 1985). Farther west, in Washington Land, how-
ever, this interval is dominated by evaporitic deposits of
the Poulsen Cliff (100-125 m) and Nygaard Bay (40 m)
Formations (Figs 2, 4, 33) which are direct correlatives

Fig. 32. Extensively burrowed, fine-
grained dolomite showing wavy and
flaser bedding (Warming Land For-
mation, stage 4S,). The ripples in the
centre of the picture are 3 cm high.
Eastern Warming Land.
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Fig. 33. Ryder Gletscher Group (stage 45,) overlain by the Kap Jackson Formation (KJ) of the Morris Bugt Group (stage 55,) in
central Washington Land. The transition from recessive dolomitic sediments (stage 4S,) to cliff-forming limestones (stage 55,) isa
conspicuous marker traceable across most of the North Greenland shelf. PC: Poulsen Cliff Formation. N, Nunatami Formation;
NB. Nygaard Bay Formation (45 m thick); CA, Canyon Elv Formation; CW, Cape Webster Formation.

of the thick evaporitic succession of Ellesmere Island
(Baumann Fjord Formation; see Peel & Christie, 1982).
These gypsum deposits may show fine irregular lamina-
tion, current or wave-ripple lamination or may consist
of nodular or nodular-mosaic gypsum (Fig. 34): they
commonly occur interbedded with laminated shaly do-
lomites on a 10 m scale. By analogy with the Ellesmere
Island deposits (cf. Trettin, in press) these evaporites
are probably subaqueous deposits that accumulated in a
broad, shallow, possibly segmented saline basin. The
lower half of the Nygaard Bay Formation is dominated
by dark limestones with intraformational conglomerate
interbeds and is probably of shallow subtidal or in-
tertidal origin.

The basal portion of the second cycle represents a
marked transgression of probable eustatic origin which
can be traced from Ellesmere Island (Eleanor River
Formation; Barnes, 1984) across Washington Land (Ca-
nyon Elv and Nunatami Formations; 40-60 m and 150
m, respectively) and the rest of western and central
North Greenland (Steensby Gletscher Formation; 90—
135 m) to eastern North Greenland (Wandel Valley
Formation; 320410 m). In the west the basal part of the
second shallowing upward cycle is typified by dark,
thick-bedded, burrow-mottled lime mudstones contain-
ing a rich open-marine fauna. These low-energy, sub-
tidal deposits are dominant, but pale dolomites, locally
algally laminated and dessication cracked, occur in
some southern localities and towards the top of the
Nunatami and Steensby Gletscher Formations (Peel &

Cowie, 1979; Seénderholm & Due, 1985); they reflect
periodic progradation of shallow subtidal to intertidal
environments. The overlying Cape Webster Formation
(175-280 m; see Fig. 33) marks the return to restricted
conditions on the carbonate platform. It consists of grey
to dark grey fine-grained dolomites with horizontal lam-
ination, often with desiccation cracks and fluidisation
features. Evaporites occur in the lower part of the for-
mation in southern Washington Land and near the top
in Nares Land, while breccias, possibly of solution ori-
gin, are common in Warming Land and central Wash-
ington Land (S¢nderholm & Due, 1985).

4T: Starved trough

In southern Johannes V. Jensen Land the slope-and-
rise red and green coloured Frigg Fjord mudstones at
the top of the Polkorridoren Group are overlain by an
outer slope and trough-floor sequence including dark
mudstones, cherts, turbidites and base-of-slope con-
glomerates (Surlyk & Hurst, 1984). These upper Lower
Cambrian to Lower Ordovician deposits are placed in
the Velvedal Group (Friderichsen et al., 1982; Surlyk er
al., in prep.). The group differs markedly from the
outer shelf and slope sequence described above by its
much greater thickness, and by the presence of thick
sandstone turbidite units. Higgins & Soper (1985) sug-
gested that the turbidites of the Vglvedal Group did not
extend much beyond the west point of Amundsen Land;
it is possible that these deposits were in fact restricted to
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Fig. 34. Irregularly laminated, current and wave laminated,
and massive gypsum deposits of the Poulsen Cliff Formation
(stage 45,). Hammer for scale. Central Washington Land.

the castern part of the trough, if their deposition was
linked to uplift of eastern areas in the Cambrian as
suggested by Surlyk & Hurst (1984). However, the ab-
sence of outcrops of the trough sequence in Nansen
Land makes this difficult to verify, and farther west in
western North Greenland, this part of the basin is sit-
uated north of the present-day land areas. Comparable
turbidites are not known from equivalent strata of the
Hazen Formation in the outcrops of north-east Ellesm-
ere Island.

The present outcrops of the Vglvedal Group are al-
most confined to southern Johannes V. Jensen Land,
including Amundsen Land, and the region adjacent to
Frederick E. Hyde Fjord (Fig. 35; Map 1). The group is
generally 600-700 m thick. It begins with dark-grey and
black non-bioturbated mudstones with thin-bedded tur-
bidites comprising the Nornegast Dal Formation. Dep-
osition of the formation took place on the trough floor
under poorly aerated conditions. Fine-grained sedimen-
tation continued in the form of greenish chert, cherty

mudstones and siltstones, locally with fine sandstone
turbidites. These deposits form the approximately 50 m
thick Drengs Bra Formation.

The quiet, partly anoxic trough floor sedimentation
was eventually interrupted by the influx from the south
of medium-bedded to thick-bedded quartzitic turbidites
of the Boggild Fjord Formation (Fig. 36). The turbidites
alternate with thin beds of black mudstones. The forma-
tion is approximately 240 m thick and is interpreted as
representing one or more relatively small borderland
fans prograding northwards into the trough, where
black and green bedded cherts and black mudstones
with thin-bedded fan fringe and basin-plain turbidites
were deposited. The more proximal southern occur-
rences display channellised mid-fan and outer fan lobe
features, and the turbidite units decrease dramatically
in bed thickness and in sand/mud ratio towards the
north (Fig. 37).

Along strike the fan turbidites pass into interfan mud-
stones of the trough floor. All mudstones and fine-
grained, thin-bedded turbidites are chertified to varying
degrees. In many cases the chertification is so intense
that the original turbidite features are completely
masked.

Towards the end of submarine-fan deposition the up-
per slope underwent slumping on a large scale. A com-
posite debris sheet in southern Johannes V. Jensen
Land is up to 20 m thick and can be traced along strike
for 75 km. The mainly clast-supported conglomerates
are composed largely of tabular, angular clasts of lami-
nated carbonate that range in size from pebbles to boul-
ders up to 1 m long, set in a lime mudstone matrix.
Clasts often show varying degrees of plastic deforma-
tion, indicating that the parent rock was only partially
lithified at the time of slumping and subsequent mass-
flow transport. Clast lithologies suggest derivation from
the upper slope and outer shelf rather than from the
carbonate platform. One conspicuous boulder type
comprises alternations of grey limestone and yellow
dolomite, known to form thick developments in the
equivalent Cambrian sequence of the outer shelf and
slope (Kap Stanton Formation of the Tavsens Iskappe
Group; unit 3 of Higgins & Soper, 1985).

There is little faunal control of the age of the Valve-
dal Group, and the late Early Cambrian age of the base
is fixed by comparison with the outer shelf and slope
deposits. Early Ordovician graptolites are fairly com-
mon in mudstones in the middle and upper levels of the
group.

A local development of the submarine fan sequence
occurs in southern Johannes V. Jensen Land. It consists
of thin to medium-bedded calcarenitic turbidites, car-
bonate conglomerates and black shales. The carbonate



Fig. 35. North side of O. B. Boggild
Fjord showing turbidites of the Val-
vedal Group (VG, stage 4T)., over-
lain by black cherts and shales with
carbonate and chert conglomerates
of the Amundsen Land Group (AG.
stage ST), and by turbidites of the
Merqujoq Formation, Peary Land
Group (PL, stage 6T).

dominated lithology probably reflects the progressive
uplift and erosion of the eastern platform region.

Stage 5: Middle Ordovician — Early Silurian
aggradational carbonate platform, starved slope
and trough

This stage in basin cvolution is marked by a back-
stepping of the platform margin to approximately the
line of the Navarana Fjord escarpment (Figs 3, 5; stage
5). Aggradational carbonate deposition continued to

Fig. 36. Stacked, thinning-upwards
turbidite sequences representing
mid-fan channels. Vglvedal Group
(stage 4T), O. B. Beggild Fjord.
Person for scale (ringed).

build up on the platform to the south with the platform
margin forming a scarp-like feature (Figs 4, 38). North
of the scarp the slope was starved receiving very re-
stricted amounts of sediment. Farther north, in the
deep-water trough, deposition was also slow, but con-
siderably greater than in the slope areas. The relatively
starved phase of slope and trough deposition lasted until
the close of the Ordovician, when it was terminated by
the abrupt commencement of turbidite deposition of the
Peary Land Group (stage 6T).
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Fig. 37. Fan fringe and basin plain turbidites, black cherts and mudstones of the Valvedal Group, stage 4T, Johannes V. Jensen
Land. Thickness of consistent light beds in the middle of the section is about 10 em.

58,: Aggradational platform

The phase in the evolution of the shelf recognised as
stage 5 commenced with the late Middle Ordovician
transgression (Christie & Peel, 1977; Fortey, 1984) and
persisted into the Early Silurian (Early to Middle Llan-
dovery). It is represented by the Morris Bugt Group
and the basal part of the Washington Land Group
(Hurst, 1980a; Hurst, 1984; Se¢nderholm et al., 1987;
Smith er al., 1989, Senderholm & Harland, in prep.)
(Figs 2, 4).

The constant total thickness of these carbonate units
throughout the region (¢. 650 m) reflects uniform sub-
sidence over the area (Smith er al., 1989).

The shelf was bounded by an escarpment hundreds of
metres high which can be seen in the inner parts of
Navarana Fjord and at J. P. Koch Fjord (Fig. 38), where
it forms an erosional sediment by-pass zone (Surlyk &
Hurst, 1984; Surlyk & Ineson, 1987a). The extension of
the escarpment further to the west as far as northern
Nyeboe Land and north of Hall Land is inferred from
stratigraphic considerations and from changes in the
style of tectonic deformation (Escher & Larsen, 1987;
Hurst & Surlyk, 1982; Larsen & Escher, 1985). Hurst &

Kerr (1982) suggested that the isolated outcrop of car-
bonates around Kap Ammen in northern Hall Land
(Figs 1, 2, 39) represented an Early Llandovery carbon-
ate horst surrounded by deep-water shelf clastic sedi-
ments. However, the presence of the same facies and
lithostratigraphic units in the southern part of Nyeboe
Land seems to indicate that the carbonate shelf ex-
tended unbroken from the southern outcrop belt to
northern Hall Land and Nyeboe Land until late in the
Middle Llandovery (Dawes & Peel, 1984; Sgnderholm
et al., 1987).

The shelf margin itself is only clearly exposed in the
inner parts of J. P. Koch Fjord and Navarana Fjord
(Figs 38, 40) and these outcrops also closely resemble
the equivalent exposures at Kap Ammen in northern
Hall Land (Fig. 39). Hurst & Surlyk (1983b) described
mud mounds up to 200 m in diameter and 50-100 m high
from the shelf margin at J. P. Koch Fjord. The mounds
apparently had considerable relief above the surround-
ing level-bedded sediments.

Elsewhere in Peary Land, shelf margin facies equiv-
alent to the Tures¢ Formation are only known from
large blocks contained in contemporaneous base-of-
slope conglomerates of the Citronens Fjord Member



(Figs 2—4), occurring along the southern coast of Fre-
derick E. Hyde Fjord (Hurst & Surlyk, 1982; Hurst,
1984). The boulders consist of distinctive lithoclastic-
bioclastic grainstones rich in fragments of virgianid bra-
chiopods, stromatoporoids, gastropods and algae. Some
small dolomite clasts are red stained. This suggests that
the shelf was rimmed by high energy carbonate sand
shoals; the abundance of algae may indicate the pres-
ence of algal reefs well within the photic zone with
possible episodes of subaerial exposure (Hurst, 1984).

The sediments of the Kap Jackson Formation, to-
gether with the Cape Calhoun Formation and the New-
man Bugt Member of the Aleqatsiaq Fjord Formation
with a total thickness ranging from 300 to 390 m, and
the corresponding Berglum River Formation (approxi-
mately 430 m) (Figs 2, 4, 38, 41) are dominantly dark,
nodular, burrow mottled lime mudstones, skeletal
wackestones and packstones. Epifauna and infauna are
abundant and algal remains are common. These level-
bedded sediments are of typical subtidal carbonate shelf
aspect. The lack of grainstones suggests low energy
environments probably below normal wave base, while
the abundant fauna and algae indicate an oxygenated
substrate within the euphotic zone.

This stable and uniform phase of deposition came to
an end in latest Ordovician to earliest Silurian time as a
result of a pronounced shallowing, followed by a later
deepening of the entire shelf. The event is represented
by the upper two units (the Kap Ammen and Store
Canyon Members; 115-160 m) of the Aleqatsiaq Fjord
Formation (Senderholm & Harland, in prep.) and the
115-150 m thick Tures¢ Formation (Figs 2, 4; Hurst,
1984). The great lateral extent of these units and the
timing of the shallowing and deepening may indicate
eustatic events related to the late Ordovician glaciation
(Brenchley & Newall, 1980; Fortey, 1984; McKerrow,
1979). The Kap Ammen Member of the Alegatsiaq
Fjord Formation consists of light grey, massively bed-
ded, variably biostromal and coralliferous skeletal lime-
stones. In situ stromatoporoids and carals are locally
very abundant and contribute to the formation of small
mounds in some areas, e.g. Bessels Fjord, Petermann
Fjord, Newman Bugt and Kap Ammen (Fig. 39) (S¢n-
derholm & Harland, 1989a). The sediments are inter-
preted as being of agitated, shallow, open shelf origin,
reflecting a relative lowering of sca-level compared to
the underlying unit. Towards the east, in the Nares
Land to J. P. Koch Fjord region, the Kap Ammen
Member becomes progressively more dolomitic and less
fossiliferous, suggesting a more restricted environment
(Senderholm er al., 1987). Farther to the east in Peary
Land, it grades into the light weathering dolomites of
the lower part of the Turesp Formation (Hurst, 1984).
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The Tures¢ Formation in central Peary Land displays
a well developed cyclicity (Fig. 42), each cycle varying
from 2 to 20 m in thickness and consisting of burrow
mottled, dolomitic wackestones with occasional calcsilt-
ripples and rare benthic fauna, overlain by laminated
and cryptalgally laminated or fenestral dolomites (Arm-
strong & Lane, 1981; Firsich & Hurst, 1980; Hurst,
1984). The scarcity of intraclast conglomerates and
shelly coquinas suggests that the whole succession was
formed under very low energy conditions, and the possi-
bility of periodically raised salinities has been discussed
(Firsich & Hurst, 1980; Hurst, 1984). In the G. B.
Schley Fjord region to the north-east the environment
again became more open marine. Here, the Turese
Formation is darker, less dolomitic and consists almost
entirely of nodular lime wackestones.

The deepening which followed this phase of shallow-
water deposition is represented by the sediments of the
Store Canyon Member of the Aleqatsiaq Fjord Forma-
tion in the Washington Land to J. P. Koch Fjord region
(Fig. 39) and the upper part of the Tures¢ Formation in
Peary Land and Kronprins Christian Land (Figs 2, 4,
42). The Store Canyon Member is uniformly developed
over the entire area and comprises very dark, strongly
mottled, bituminous, fine-grained skeletal limestones
with abundant large pentamerid brachiopods and fre-
quent stromatoporoids and corals of Silurian age (Fig.
43). These sediments originated on an open, mainly
low-energy, shelf. The upper part of the Tures¢ Forma-
tion in central Peary Land consists of dolomites much
like the lower unit but dominated by the darker subtidal
facies (Armstrong & Lanc, 1981; Christie & Pecl, 1977;
Hurst, 1984). To the north-east, in the G. B. Schley
Fjord region, the upper part of the Tures¢ Formation is
more reminiscent of the Store Canyon Member of the
Aleqatsiaq Fjord Formation, again suggesting a deepen-
ing of the shelf towards the east (Christie & Ineson,
1979).

This phase in the evolution of the stable platform
came to a close during the Early Silurian which was a
period of general shallowing of the platform sea, prob-
ably due to rapid vertical accretion. This period is repre-
sented by the Ymers Gletscher Formation in Peary
Land, the Petermann Halve Formation between J. P.
Koch Fjord and Bessels Fjord (Fig. 39, see also Fig. 46)
and parts of the Kap Godfred Hansen, Pentamerus
Bjerge and Adams Bjerg Formations (Figs 2, 4) (Hurst,
1984; Senderholm & Harland, in prep.).

The Ymers Gletscher Formation (25-45 m) comprises
grey, thinly laminated and well bedded fenestral lime
mudstones. Coquinas dominated by pentamerid brach-
iopods are present as well as desiccation cracks (Arm-
strong & Lane, 1981; Hurst, 1984). The sediments re-



Navarana Fjord escarpment
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Fig. 38. Platform margin escarpment (Navarana Fjord escarpment) on the east side of J. P. Koch Fjord. Sandstone turbidites of
the Merquioq Formation (ME, stage 6T) abut against platform carbonates of stages 58, and 68 forming the escarpment. Note that
bedding in the carbonates becomes diffuse as the escarpment is approached. W, Wandel Valley Formation, Ryder Gletscher

Kap Porfér

Kap Ammen

Fig. 39, Carbonate shelf sequence (stage 55, and 6S) at Kap Ammen, northern Hall Land close to the shelf margin. Dark open
marine deposits of the Store Canyon Member (SC) of the Aleqatsiaq Fjord Formation (AF), are overlain by pale carbonates of
the Petermann Halve Formation (PH). Shelf edge mounds (m) with intermound deposits make up the overlying Djevieklaften
Formation (DK). The shelf carbonates are overlain by deep sea fan turbidite sequences of the Peary Land Group (PL; stage 7T).
In the distance, a linear belt of reefs (stage 7S) forms the Hauge Bjerge. KA, Kap Ammen Member; NB, Newman Bugt Member.
Aerial photograph 546 K-S no. 2190. Copyright Kort- og Matrikelstyrelsen, Denmark; reproduced with permission A.200/87.
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Group (stage 45,); KJ, Kap Jackson Formation (stage 58,): AF, Aleqatsiaq Fjord Formation (stage 55,); WLG, Washington Land
Giroup (stage 55, and 6S5) with small mounds (m). CLff 800 m.

Fig. 40, Platform margin relationships on the west side of Navarana Fjord. Top of the drowned Silurian platform margin scarp to
the left (S, stage 6S), onlapped by turbidites of the Merqujoq Formation to the right (ME, stage 6T). Carbonate conglomerates of
the Navarana Fjord Member (NF) drape the platform carbonates, interfinger with the highest turbidites of the Merqujog
Formation and are overlain by black shales and thin-bedded turbidites of the Thors Fjord Member (TFM) of the Wulff Land
Formation and turbidites of the Lauge Koch Land Formation (L, stage 7T). The thickness of the Navarana Fjord Member is 80 m.
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Fig. 41. Dark. chif-forming carbonates of the Morris Bugt Group, representing the open marine shelf deposits of stage 55,. KJ,
Kap Jackson Formation: CC, Cape Calhoun Formation; NB, KA, Newman Bugt and Kap Ammen Members of the Aleqgatsiag
Fjord Formation. The Steensby Gletscher (SG) and Cape Webster (CW) Formations of the Ryder Gletscher Group (stage 4S,)
form the lower half of these 700 m high cliffs in southern Permin Land. Base camp of the Geological Survey of Greenland
expedition 1984-85 in foreground.

Fig. 42. Alternations of pale and dark coloured dolomitic limestones of the Tures¢ Formation (TU) overlying dark limestones of
the Borglum River Formation (BR), central Kronprins Christian Land (both stage 58,). Caledonian deformation has disturbed the
sequence, and emplaced a thrust sheet of Proterozoic sandstone turbidites (RS: Rivieradal Sandstone) over the Turese Formation.
Chiff height 800 m.



Fig. 43. Strongly mottled, bituminous skeletal pentamerid
limestone with frequent stromatoporoids (Aleqatsiaq Fjord
Formation, Store Canyon Member, stage 55,). Pencil is 15 cm
long.

flect deposition in peritidal environments, possibly with
raised salinities (Fiirsich & Hurst, 1980). The sediments
of the Petermann Halvg Formation (95-130 m) are
dominated by light grey to dark, flat-bedded, skeletal
limestones, usually rich in laterally extensive coral and
stromatoporoid colonies with locally abundant crinoid
debris. Facies variations within the Petermann Halve
Formation, reflect a slight deepening from peritidal,
possibly partly emergent environments, in the south, to
shallow outer platform in the north. Peritidal environ-
ments represented by cryptalgally laminated dolomites
have only been recorded from the lower part of the
Adams Bjerg Formation farthest to the south-west
(Hurst, 1980a; Spnderholm et al., 1987; Sgnderholm &
Harland, in prep.).

58,: Starved slope

The outer shelf and slope carbonates and mudstones
of stage 4S,, between northern Nyeboe Land and cen-

g
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tral J. P. Koch Fjord are overlain by a sequence of chert
and cherty shales, with partly chertified successions of
siltstones, black limestones and dolomitic mudstones
(Fig 9: unit 4 of Higgins & Soper. 1985). This starved
slope sequence is generally between 50 m and 150 m in
thickness, and is assigned to a new formation of the
Amundsen Land Group. Rich graptolite faunas occur
throughout, and show an age range from Tremadoc to
Late Llandovery.

Throughout the area between northern Nyeboe Land
and central J. P. Koch Fjord, chert and mudstone depo-
sition was brought to a close in the Late Llandovery
with the incoming from the east of the first sand turbi-
dites of the Peary Land Group (Higgins & Soper, 1985;
Surlyk, 1982; Surlyk & Hurst, 1982). Deposition of fine
grained turbidites was initiated slightly earlier, in latest
Ordovician time towards the east in the Peary Land
area. These distal turbidites are interbedded with black
mudstones and cherts characteristic of stage 5T and they
are accordingly not included in the Peary Land Group
(Hurst & Surlyk, 1982; Surlyk er al., 1980: Surlyk et al.,
in prep.).

The Ordovician starved slope sequence passes down-
slope into similar, but more basinal and more thickly
developed sediments of the same age which are only
preserved in the type area of the Amundsen Land
Group.

5T: Trough

The relatively small-sized borderland fans of the Vgl-
vedal Group (stage 4T) were eventually abandoned and
a long period of basin starvation and, at times, also
stagnation set in (Surlyk & Hurst, 1984). In southern
Johannes V. Jensen Land, including Amundsen Land,
and the areas along the south side of Frederick E. Hyde
Fjord, the deposits of this period are included in the
Early Ordovician — Early Silurian Amundsen Land
Group (Friderichsen et al., 1982; Surlyk et al., in prep.).
The sedimentary facies are dominated by black and
green radiolarian cherts and black and green mud-
stones; they include thin-bedded turbidites and thick
carbonate conglomerates.

Turbidite deposition of the previous stage (Baggild
Fjord Formation of the Velvedal Group) rapidly waned,
and stage 5T was heralded by a change to slow sedi-
mentation of mud and siliceous ooze mainly under
anoxic conditions (Harebugt Formation of the Amund-
sen Land Group). In latest Tremadoc and Arenig times
the quiet deposition of fine-grained sediments was in-
terrupted by a period dominated by deposition of car-
bonate conglomerates and turbidites of the Kap Mjgl-
ner Formation which reaches a thickness of up to 200 m
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Fig. 44. Sheet of base-of-slope carbonate conglomerates and calcarenites in the lower part of Amundsen Land Group, stage 5T.
Individual beds are up to 10 m thick; the height of the wall is about 100 m. Southern Johannes V. Jensen Land.

in the southernmost localities around inner Frederick E.
Hyde Fjord (Fig. 44). The conglomerates often form
the base of fining-thinning upward cycles, considered to
reflect waning deposition resulting from episodes of
slumping and successive development of mass flows and
turbidity currents. The conglomerate sheets can be
traced over a wide area of Amundsen Land, but become
less important westwards and northwards. The north-
ernmost localities of the Amundsen Land Group, just
north of the present Harder Fjord fault in Johannes V.
Jensen Land, are characterised by thick units of black
chert and mudstone, reflecting increasing stagnation of
the trough.

The redeposited material represented by the Early
Ordovician conglomerate sheets is of interest in the
links that can be made with conditions in the source
areas of the shelf (Surlyk & Hurst, 1984). The dominant
clast composition of the conglomerates changes upward
from flat pebble carbonates to black chert, reflecting a
change in source area and lithology. Also, while boul-
der and cobble grades dominate the lower conglomer-
ates, pebble grades become dominant in the higher

parts of the conglomerate succession. The eroded mate-
rial is considered to have been transported across the
outer shelf and shelf-slope break in a series of debris
flows. On the shelf to the south, a correlation can be
made with a period of uplift and erosion preceding
deposition of the Wandel Valley Formation (see above);
the sub-Wandel Valley Formation unconformity overlies
and oversteps rocks from Late Proterozoic to earliest
Ordovician age (Figs 15, 17A. 30; Map 1). Although
much of the hiatus is believed to be due to non-deposi-
tion, there was evidently significant Early Ordovician
erosion.

Eventually conglomerate and turbidite deposition
faded out and the quiet, slow sedimentation of fine-
grained deposits was resumed. These include green and
green-grey ribbon cherts, chertified mudstones and silt-
stones and thin-bedded silty turbidites, all referred to
the Nordpasset Formation.

The youngest deposits of stage 5T include black
cherts and mudstones, dark silty mudstones, siltstones
and thin-bedded silty turbidites of the Harder Fjord
Formation (Late Ordovician — Early Llandovery).



These deposits herald an important event in the evolu-
tion of the trough, with the starved basin deposition of
the Amundsen Land Group being brought to a close in
latest Ordovician to Early Silurian times (Hurst & Sur-
lyk, 1982; Surlyk & Hurst, 1984). The abrupt onset of
sandstone turbidite deposition of the Peary Land
Group, however, seems to have started nearly every-
where in the Late Llandovery (Higgins & Soper, 1985;
Hurst & Surlyk, 1982).

Stage 6: Early Silurian ramp and rimmed shelf,
and turbidite trough

In the early Late Llandovery, deposition of a major
system of sand turbidites derived from the rising Cale-
donian mountain belt to the east was initiated in the
trough, although the earliest pulses of deposition of
distal fine-grained turbidites took place in the latest
Ordovician (see stage 5T). The trough filled rapidly. By
about the Llandovery-Wenlock boundary, the Navarana
Fjord escarpment which had formerly marked the plat-
form margin was drowned and the trough expanded
southwards (stage 7; Figs 3-5). The loading effect of the
thick sequences of turbidites accumulating in the trough
caused down-flexing of the outer part of the platform.
Carbonate deposition continued during this general
deepening of the shelf, but variation in facies became
more complex, especially in the western part of the
region.

6S: Ramp and rimmed shelf

The down-flexing of the outer shelf can be traced all
across North Greenland, as a drowning event which
occurred progressively later towards the west and cov-
ered the shelf with mudstones and turbidites of the
Peary Land Group. In Washington Land this process
started during the late Early Llandovery (stage 5S) but
it is included here as the drowning was an integrated
event which affected the entire shelf. In western North
Greenland some outlying carbonate mounds survived
the initial phase of drowning and continued to accrete,
but only for a limited span of time. Concomitantly, the
carbonate shelf margin retreated to a new, more south-
erly position. In this arca shelf sediments of stage 6S are
referred to the Dj=vleklgften, Kap Godfred Hansen
and Pentamerus Bjerge (all Washington Land Group;
Figs 2, 4; Hurst, 1980a; Senderholm & Harland, in
prep.); slope sediments are referred to the Lafayette
Bugt and Cape Schuchert Formations of the Peary Land
Group (Figs 2, 4; Hurst, 1980a; Hurst & Surlyk, 1983a).
In Kronprins Christian Land and Peary Land the down-
flexing resulted in a widespread deepening of the car-
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bonate platform during the early Late Llandovery and
deposition of the Odins Fjord Formation (Hurst, 1984).

The Odins Fjord Formation (200-350 m) comprises in
the lower part dark, massive, nodular or wavy bedded
skeletal wackestone and weakly laminated lime mud-
stones. Burrow mottling is common, whereas algal re-
mains are rare. The sediments reflect deposition in low
energy subtidal environments (Hurst, 1984).

In southern Peary Land peritidal environments pro-
graded northwards, represented by the Melville Land
Member (15-30 m), which consists of grey fenestral and
laminated lime mudstones (Hurst, 1984). A further rise
in relative sea-level took place in late Middle to early
Late Llandovery (middle Odins Fjord Formation) and
sediments of low-energy subtidal environments were
deposited both in northern and southern shelf areas. In
the Late Llandovery, continuing relative sea-level rise
in the northern platform areas immediately south of the
platform margin is indicated by the Bure Iskappe Mem-
ber (30-60 m) which comprises cherty, thin-bedded,
nodular wackestones, horizontally laminated lime mud-
stones and rare interbeds of terrigenous mudstones
(Fig. 4). Algac have not been recorded from this mem-
ber. These features suggest deposition in very low en-
ergy, relatively deep-water environments below the
photic zone, possibly under partly anoxic conditions
(Hurst, 1984). This event is probably contemporancous
with the final drowning of the outer platform further to
the west (Sénderholm & Harland, in prep.), and rec-
ords a general world-wide eustatic sea-level rise (John-
son et al., 1985).

In the southern platform areas the contemporaneous
sediments of the Odins Fjord Formation are much like
the lower part of this formation, but contain abundant
biostromal units rich in in situ stromatoporoids and
skeletal debris. The units are lenticular on a kilometre
scale, suggesting sedimentation on extensive high en-
ergy shoals in the euphotic zone, with smaller interven-
ing lower energy, subtidal areas.

In similar fashion to the peritidal environments of the
Melville Land Member, these large scale shoals did not
prograde further north than to an east-west line running
through central Peary Land, suggesting that some pre-
existing shelf topography with an increase in dip at this
line, prevented further progradation of the shallow ma-
rine facies (Hurst, 1984).

Sediments of the Odins Fjord Formation in the G. B.
Schley Fjord region and in Kronprins Christian Land
have not been investigated in detail but the environ-
ments were probably also here subtidal (Hurst, 1984).

The margin of the Peary Land shelf during this late
stage is poorly known, but some information on the rim
facies of the Odins Fjord Formation is yielded by boul-
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Fig. 45. Shelf-trough transition of stage 6, as developed in eastern Wulff Land. At the shelfl edge pale weathering biostromal
carbonates and mounds (m) of the Djeviekloften Formation (DK) form large promontories resulting in a steep and indented shelf
margin. Between and behind the shelf margin carbonates of the Djevlekloften Formation dark shales (s) occur. Further back on
the shelf dark weathering carbonate mud and wackestones occur with local developments of pale weathering intrashelf mounds
(im). Carbonate conglomerates (c) surrounding foreslope mounds oceur in a base-of-slope setting and together with interbedded

ders contained in contemporaneous base-of-slope con-
glomerates of the Freja Fjord Member (Fig. 2). These
show clasts up to 10 m in diameter of grainstones and
algal-bryozoan boundstones, suggesting that the plat-
form was rimmed by a series of high-energy shoals and
incipient algal-bryozoan reefs. The platform margin in
Peary Land was still developed as the steep sediment
by-pass zone of the Navarana Fjord escarpment, al-
though stratigraphic considerations indicate that the
height of the escarpment was gradually reduced due to
trough infill during the Early Silurian (Hurst, 1984;
Surlyk & Ineson, 1987a).

The drowning of the northern part of the shell in
western North Greenland was accompanied by a retreat
of the shelf margin to a more southerly position running
from south of Nares Land through central Wulff Land
to central Hall Land (Figs 3, 45). As a consequence of
the increased subsidence, the Petermann Halvg Forma-

tion (stage 5S,) is locally overlain by a series of mounds
(basal mounds of the Djrvleklgften Formation) which
increase in size and numbers towards the north (Figs 38,
39). However, the mound complexes along the shelf
margin did not form a complete barrier across the re-
gion and a steep indented margin developed with pro-
montories hosting large slope mounds and re-entrants
infilled with dark. cherty lime muds and shales. South of
the shelf margin an essentially flat carbonate platform
was maintained, probably sloping gently towards the
north (Figs 2, 4, 45; Senderholm & Harland, 1989b;
Senderholm & Harland, in prep.).

The Djwevieklgften Formation (up to ¢. 600 m) pre-
serves a complex array of facies, with dark, often shaly
or cherty lime mudstone, variably coloured mound-re-
lated flank beds including skeletal limestone and bio-
stromes, isolated mounds and mound complexes (Fig.
46). The southern part of the platform is dominated by
dark grey to black, back-mound and inter-mound sedi-
ments (Fig. 47), which comprise thinly bedded, variably




mudstones form the Lafayette Bugt Formation (LB). Trough deposits (stage 7T) are represented by dark mudstones of the Wulff
Land Formation (WL) and pale turbidites of the Nyeboe Land Formation (NL). Carbonate platform deposits of stage 58, are
represented by the Kap Jackson Formation (KJ, with Cape Calhoun Formation on the top), the Aleqatsiaq Fjord Formation (AF,
showing three-part member sub-division) and the Petermann Halve Formation (PH). Height of mountain in centre about 900 m.

mottled. skeletal lime mudstones with thin interbeds of
graded bioclastic limestones, pebble conglomerates and
slump sheets. Chert layers and nodules occur through-
out. These sediments drape on to, or terminate against,
light grey to dark grey carbonate mound sediments. The
mounds are mostly small. up to 200 m thick, patch reefs
which especially to the north along the shelf margin may
interconnect to form large mound complexes (Fig. 48).
In western Washington Land these large mound com-
plexes form part of the Pentamerus Bjerge and Kap
Godfred Hansen Formations, while the Kap Jefferson
mound of the Adams Bjerg Formation probably is an
equivalent to the intrashelf mounds of the Djavilek-
loften Formation (Hurst. 1980a; Senderholm & Har-
land. 1989b: Senderholm & Harland, in prep.).
Around the major mounds and mound complexes,
sequences of generally pale weathering. very variable
limestones up to 200450 m thick occur. These are
typically associated with the upper parts of the mounds,
spreading mainly southwards, and form the top of the
Djxvieklgften Formation in many areas. The lime-
stones mainly comprise interbedded dark and light stro-

matoporoid and coral biostromes (Figs 45, 49). The
dark beds contain in situ stromatoporoids and corals
(Fig. 50). while the pale beds contain abundant re-
worked material. Crinoid material occurs virtually
throughout, and beds up to 10 m thick consisting almost
entirely of crinoid columnals are common. In excep-
tional cases. major mound complexes are flanked by up
to 200 m thick successions almost exclusively composed
of crinoid columnals.

Sedimentation patterns in Washington Land west of
Bessels Fjord reflect a somewhat different evolution, In
this area the carbonate platform of stage 5 developed
into a homoclinal carbonate ramp during the late Early
Llandovery. In the westernmost areas this event is rep-
resented by starved slope sediments of the Cape
Schuchert Formation (55-80 m) which mainly consist of
thin bedded. black, bituminous, cherty lime mudstones
overlying the Aleqatsiaq Fjord Formation. Contempo-
raneously, fringing reefs and reef-derived sediments at
the carbonate ramp margin represented by the Penta-
merus Bjerge and Kap Godfred Hansen Formations and
probably parts of the Adams Bjerg Formation (Hurst,
1980a), led to the development of a scarp between the
platform and the slope, resulting in a greater ramp-to-

Fig. 46. Shelf-edge mounds (m) of the Djavieklaften Forma-
tion (DK) of stage 65. To the north (right). limestone conglom-
crates derived from the mounds interdigitate with dark basinal
shales (Lafayette Bugt Formation, LB). The Djevickloften
Formation overlies shelf sediments of stage 58, (Petermann
Halve Formation (PH), Store Canyon (SC) and Kap Ammen
(KA) Members of the Alegatsiaq Fjord Formation). Eastern
cliffs of southern Nares Land. southern Nordenskiold Fjord.
CHiff height . 650 m.
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Fig. 47. Dark, finely laminated intermound lime mudstone of
the Djaviekloften Formation (stage 6S) with black chert in
nodules and layers, Hammer is 35 ¢cm long. Central Warming
Land

slope differentiation (Figs 2, 4; Hurst, 1980a: Hurst &
Surlyk, 1983a).

As a consequence of continuing sea-level rises during
the late Middle to latest Llandovery, the south-western
part of Washington Land was drowned during the earli-
est Late Llandovery, and inundated by the black shales
of the Lafayette Bugt Formation. Contemporaneously,
new mounds were initiated on the slope further to the
east at Kap Independence (Fig. 51), while the impres-
sive carbonate ramp-margin reefl belt continued its de-
velopment (Hurst, 1980a; Hurst & Surlyk, 1983a).

6T: Longitudinal turbidite trough

The most dramatic depositional change in the deep-
water trough took place in the early Late Llandovery
when a major longitudinal, sand-rich, turbidite system
was developed following the late Early Cambrian —

earliest Silurian starved basin phase (Figs 2, 3, 5, stage
6T). An carly phase of fine-grained dilute turbidity
current deposition was initiated close to the Ordovician-
Silurian boundary in the castern part of the trough.
Significant turbidite deposition, started
abruptly in Late Llandovery time and a sand-rich elon-
gate submarine fan system rapidly developed (Hurst &
Surlyk, 1982: Surlyk, 1982; Surlyk & Hurst, 1984). Tur-
bidite deposition continued throughout the Silurian,
and the resulting succession is placed in the Peary Land
Group. The formations of the Peary Land Group. dom-
inated by sandstone turbidites, mudstones or conglom-
erates (Hurst & Surlyk, 1982; Larsen & Escher, 1985,
1987; Surlyk & Ineson 1987a, b). are interpreted here as
stages 6T-7T in the evolution of the basin.

The inmitiation of stage 6T is represented by the very

however.

thick sequence of sandstone turbidites of the Merqujog
Formation (>500-2800 m), which appears to be largely
Late Llandovery in age (Higgins & Soper. 1985: Hurst
& Surlyk. 1982: Larsen & Escher, 1985). These turbi-
dites are widely distributed in North Greenland be-
tween Frederick E. Hyde Fjord in the east and northern
Nyeboe Land in the west (Figs 9, 52). In some areas
there is a gradual increase in grain size at the top of the
starved slope sequence, passing into the first sandstone
turbidites, while in other arcas the contact with the
thick sandstone turbidites interdigitates with the starved
slope facies (Higgins & Soper, 1985: Hurst & Surlyk,
1982: Surlyk er al_, in prep.). Turbidite deposition com-
menced abruptly in central Johannes V. Jensen Land in
the Llandovery with the incoming of extremely thick
(up to 30 m) sandstone turbidite beds, distinguished as
the Sydgletscher Formation (Fig. 53) (Hurst & Surlyk.
1982).

The main part of the Merqujoq Formation represents
deposition in the outer-fan and trough floor environ-
ment in a highly elongate east-west submarine fan sys-
tem. Palacocurrents are uniform towards the west-
south-west, parallel to the Navarana Fjord escarpment
which formed the margin of the carbonate platform.
Turbidite deposition took place right up to the escarp-
ment, and the steep profile of the scarp slope may have
been maintained by erosion by longitudinal turbidity
currents. The top part of the formation is characterised
by complex channelling interpreted as representing a
braided mid-fan environment (Fig. 54). The largest ob-
served channels have widths of several hundred metres
and depths of about 50 m. Turbidite sedimentation was
punctuated by several episodes of carbonate conglomer-
ate deposition; beds range from 0.5 to 50 m in thickness
and. in type, from well-sorted pebble beds to totally
disorganised boulder beds with individual clasts often
reaching a diameter of several metres (Figs 55, 56). In



Fig. 48. Dark intermound sediments
and mounds (m) of the Djzvicklof-
ten Formation (DK) belonging to
stage 65. Sediments of stage 55, are
represented by the Newman Bugt
(NB). Kap Ammen (KA) and Store
Canyon (SC) Members of the Ale-
qatsiaq Fjord Formation (AF). and
the overlying Petermann Halve For-
mation (PH). Looking east in Store
Canyon, southern Nyeboe Land.
Height of mountain about 550 m.

contrast to the longitudinally derived turbidites, the
conglomerates were derived from the southern platform
arca and from the platform margin escarpment. as re-
flected in the concave erosional surface which truncates
the top of the scarp at Navarana Fjord (Surlyk & In-
eson, 1987a, b).

Fig. 49. Biostromal deposits of stage
65 (Djavickloften Formation, DK)
overlain by  mound-complexes
(Hauge Bjerge Formation. HB,
stage 7S) and siliciclastic sediments
of the Peary Land Group (PL, stage
7T). Kap Tyson, western Hall Land.
Height of cliff is 740 m.

12]

Stage 7: Final drowning of the platform

The last phase in the evolution of the Silurian carbon-
ate ramp and rimmed shelf was a consequence of con-
tinued shelfl foundering and associated sea-level nise
(Figs 3. 5, stage 7). The trough expanded southwards as
a result of eustatic sea-level rise, the loading effect of
the thick turbidite sequence to the north and downflex-
ing caused by encroaching Caledonian nappe sheets in




Fig. 50. Biostromal limestone of the
Djxviekloften Formation (stage 6S)
with abundant in situ stromatopo-
roids and corals. Pencil 15 cm long.
Offley Island.

Fig. 51. Carbonate mounds (m) of the Kap Independence Member (Pentamerus Bjerge Formation) embedded in slope deposits of
the Cape Schuchert (CS) and Lafayette Bugt (LB) Formations (stage 6S). AF: Aleqatsiaq Fjord Formation. Westernmost
Washington Land. Aerial photograph 545 K1-S@ no. 2259. Copyright Kort- og Matrikelstyrelsen, Denmark: reproduced with

permission A.87/200.



Fig. 52. Sandstone turbidites of the
Merqujoq Formation (ME. stage
6T). overlain by a thin mudstone
unit. the Thors Fjord Member of the
Wulflf Land Formation (TFM) and
sandstone turbidites of the Lauge
Koch Land Formation (L, stage 7T).
Cross-cutting black bands are late
Cretaceous dykes. West side inner J.
P. Koch Fjord, cliffs 900 m high.

the eastern arcas. Eventually the shelf was drowned
completely during the latest Llandovery and carbonate
sedimentation was only locally maintained around ma-
jor mound complexes. The shelf was inundated by he-
mipelagic mudstones and siltstone turbidites of the
Thors Fjord Member (Wulff Land Formation). Profilf-
jeldet Member (Lauge Koch Land Formation). and La-
fayette Bugt Formation (Figs 2-5).

78: Late Llandovery — Early Ludlow reef belt
During the final phase of drowning of the platform,
carbonate sedimentation was only locally maintained.

Fig. 53. Structureless medium-
grained sandstone turbidite of the
Sydgletscher Formation. about 40 m
thick marking the mitiation of the
Peary Land Group. Base of stage
6T. Johannes V. Jensen Land. The
white band in the middle of the bed
is a calate-filled fracture.
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leading to the formation of isolated mounds. These
sediments are referred to the Samuelsen Hoj Formation
between Kronprins Christian Land and Peary Land. the
Hauge Bjerge Formation in the area between western
Waulff Land and eastern Washington Land. and to the
Pentamerus Bjerge, Kap Godfred Hansen, Kap Morton
and Kap Maynard Formations in Washington Land
(Hurst, 1980a, 1984; Senderholm e al., 1987; Sonder-
holm & Harland, in prep.; Figs 2, 4). Carbonates of this
late stage are not represented between western Peary
Land and western Wulff Land, probably due to Recent
erosion.




Fig. 54, Turbidite filled mid-fan channels in the top part of the Merqujoq Formation (stage 6T), Thor Fjord. Person encircled for

scale.

The approximately 300 m high pinnacle reefs of the
Samuelsen Hoj Formation (Fig. 57) occur on top of the
Odins Fjord Formation where they form a 50 km long
cast-west linear belt in castern Peary Land. Mound
complexes are also widespread in Valdemar Gliickstadt
Land and in Kronprins Christian Land (Figs 1, 4, 3)
where they are larger than the mounds in Peary Land.
In Kronprins Christian Land mounds appear to occur
stratigraphically lower (Late Llandovery, C5) in the
succession than in Peary Land (Late Llandovery, C6),
since there is lateral interdigitation of the lower part of
the mound complexes with the level-bedded sediments
of the Odins Fjord Formation (stage 6S). Mound forma-
tion probably terminated during the Late Llandovery
(C6); sparse graptolite evidence suggests that this termi-
nation occurred slightly earlier in the east than in the
west (Hurst, 1984; Hurst & Surlyk, 1982; Peel er al.,
1981).

In western North Greenland mound complex or asso-
ciated flank sediments form sequences approximately
200-1000 m thick (Dawes, 1987; Hurst, 1980a; Sender-
holm er al., 1987; Senderholm & Harland, in prep.).
Carbonate sedimentation was only maintained around
the major mounds of the previous phase of deposition
(Figs 58, 59), and it was a period of partial destruction
of the mounds and mass transport by debris flows (Fig.
60). These sediments form a linear belt extending from
northern Washington Land, through central Hall Land,
Nychoe Land and Warming Land to western Waulff
Land which indicates the position of the former shelf

edge (Hurst. 1980b: Senderholm er al., 1987; Sender-
holm & Harland, 1989b; see Figs 1, 5). Due to present-
day crosion it is not known how long carbonate deposi-
tion persisted. Hurst (1980a) and Dawes & Peel (1984)
considered that it extended at least into the Early Lu-
dlow, but thin beds of resedimented carbonates within
the Chester Bjerg Formation are of Pridoli age.

7T: Trough expansion

The complex foundering of the shelf described above
was associated with a southwards expansion of the
trough during the Late Llandovery (Hurst & Surlyk,
1982: Hurst er al., 1983; Larsen & Escher, 1985; Surlyk,
1982: Surlyk & Hurst, 1984; Senderholm er al., 1987).
The foundering of more than 30 000 km® of carbonate
shelf was probably caused by the combined effects of
eustatic sea-level rise, loading of the eastern shelf by
Caledonian nappes. loading of the trough by several
kilometres of mainly Upper Llandovery turbidites and
associated downflexing of the outer shelf, and by the
influx over the platform of terrigenous muds from the
Caledonian mountains. The northern shelf margin was
inundated by clastic sediments in the Late Llandovery,
whereas the southern part first started to receive terri-
genous clastics at the Llandovery-Wenlock boundary,
indicating that shelf foundering was in part accom-
plished by flexuring. In western North Greenland the
inundation of the outer platform was probably initiated
in the early Late Llandovery, while it commenced



somewhat later in the Late Llandovery (C4) in central
North Greenland. The extensive submergence resulted
in deposition of uniform black mudstones on top of the
foundered shelf carbonates and the succession of up to
about 100 m of mudstones makes up the Thors Fjord
Member of the Wulff Land Formation (Hurst & Surlyk,
1982; Larsen & Escher, 1985; 1987). The depositional
regime can be characterised as a slope and rise system
passing northward into the deep-water trough.
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Fig. 55. Thick sequence of muddy
carbonate turbidites (A) overlying
carbonate boulder conglomerates of
the Citronens Fjord Member shown
in B (note hammer for scale). Mer-
qujoq Formation (stage 6T), Citro-
nen Fjord, Peary Land.

Following the late Llandovery — Wenlock phase of
trough expansion and submarine fan starvation caused
by foundering of the carbonate platform, the turbidite
depositional systems rapidly built up again as an exten-
sive, westwards prograding submarine fan system.

The turbidite deposits of this phase are mainly placed
in the Lauge Koch Land Formation (Fig. 52; Hurst &
Surlyk. 1982; Larsen & Escher, 1985, 1987; Surlyk &
Hurst, 1984). Easternmost localities in eastern Peary



Fig. 56. Carbonate boulder conglom-
erate of the Navarana Fjord Member
(NFM) showing giant-scale loading
into sandstone turbidites of the Mer-
qujoq Formation (ME. stage 6T).
West coast of Navarana Fjord. Note
person for scale.

Fig. 57. Type locality of the Samuelsen Hoj Formation (SH, stage 7S) in central Peary Land showing the carbonate mound
forming Samuelsen Haj and an associated smaller mound (m) which are rooted in Silurian shelf carbonates of the Odins Fjord
Formation (OF). Siliciclastic sediments of the Peary Land Group (WL, Wulff Land Formation: L, Lauge Koch Land Formation;
stage 7T) envelope the carbonates, with the turbidites of the latter formation forming characteristic terraced hills to the north.
Samuelsen Hgj is about 2 km long. Aerial photograph 548 C-N, no. 4280A. Copyright Kort- og Matrikelstyrelsen, Denmark;
reproduced with permission A.87/200.



Fig. 38. Shelf edge mounds of stage 7S (HB, Hauge Bjerge Formation) on top of biostromal platform carbonates of the
Djzvicklpften Formation (DK; stage 6S), surrounded by shales of the Wulff Land Formation (WL) of the Peary Land Group
(stage 7T). Arrows indicate possible slump scars. Western Nyeboe Land: cliffs are 550 m high.

Land are characterised by thick. upward-fining cycles
about 50-100 m thick composed of thick, locally pebbly,
structureless sandstones passing upwards into dark,
laminated mudstones (Fig. 61). The cycles can be traced
laterally for at least 5 km. They are interpreted as
representing a system of stacked, wide inner fan valleys
where the upper muddy part reflects channel abandon-
ment and passive filling. Farther westwards the inner
fan valleys give way to a system of complex channels
characteristic of a braided mid-fan environment. From
western Peary Land and westwards to Hall Land, only
outer fan, fan fringe and basin plain environments are
represented (Fig. 62). West of Victoria Fjord, the sand-
stone/mudstone ratio, sand grain size and turbidite bed
thickness decrease in a downcurrent direction.

The entire depositional setting is interpreted as an
elongate submarine fan imperceptibly passing into a
basin plain (Hurst & Surlyk, 1982; Surlyk & Hurst,

1984). Pulses in turbidite deposition alternated with
periods of fan starvation resulting in alternations of
turbidite sandstone and mudstone packages and in
changes in the southern extent of the main turbidite
body. These variations probably mainly reflect changes
in sea-level, with low levels resulting in increased influx
of sandy turbidity currents and high levels resulting in
fan starvation and mud deposition.

During the middle Wenlock a major phase of con-
glomeratic deposition was initiated at the eastern, prox-
imal end of the basin (Hurst & Surlyk, 1982; Larsen &
Escher, 1985, 1987; Surlyk & Hurst, 1984). The con-
glomeratic depositional system prograded westwards
and reached northern Nyeboe Land in the early Lu-
dlow. The conglomeratic units form the Nordkronen
Formation. At the type locality south of Frederick E.
Hyde Fjord the formation is incomplete, and only 100 m
are preserved; farther west a 600-700 m succession oc-

Fig. 59. Shelf edge mound of the Hauge Bjerge Formation (HB; stage 7S) on the eastern side of Hall Land overlying biostromal
carbonates of the Djevleklgften Formation (DK). The mound is ¢. 500 m high and the steeply dipping beds indicate a
syn-depositional relief of ¢. 300 m. Note the possible slump scar on the northern, basin-ward side of the mound. The mound is
surrounded by carbonate conglomerates (c) and shales of the Peary Land Group (PL; stage 7T).
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Fig. 60. Huge olistoliths (ar-
rowed) and debris flows (df) de-
rived from the large mound com-
plexes of the Hauge Bjerge For-
mation (stage 7S) embedded in
black shales of the Peary Land
Group (stage 7T). Encircled heli-
copter for scale. A, western Hall
Land; B, western Nyeboe Land.

curs on Stephenson @, 281 m on Hendrik @, and in
northern Nyeboe Land a feather edge of the unit mea-
sures 32 m.

The conglomerates differ markedly from all of the
earlier deep-water conglomerates described above. The
latter are all derived from the upper slope and carbon-
ate shelf to the south; they are mainly chaotic, disorga-
nised types with lime mud matrix, poor clast sorting,
and a variety of clast lithologies. In contrast, the con-
glomerates of the Nordkronen Formation are more or-
ganised and are interbedded with sandstone turbidites.
They occur in relatively thin, sheet-like beds, with a
sandstone matrix identical to the sandy turbidites. The
clasts are well sorted and rounded, pebble-sized, green,

black and grey chert (Fig. 63). The chert conglomerates
were deposited from high density turbidity currents
travelling westwards along the trough axis from a source
area in the rising Caledonian mountains (Fig. 64) (Sur-
lyk & Hurst, 1984).

The generally well-rounded and sorted appearance of
the chert pebbles indicates that the parent rock was
lithified at the time of erosion and that considerable
transport and sorting had taken place in the coastal zone
before redeposition by density currents. Some chert
pebbles have yielded radiolarian remains suggestive of
an Ordovician age, and the chert pebbles were probably
derived from uplifted, thick cherty sequences of mainly
Ordovician age (Vglvedal and Amundsen Land Groups



Fig. 61. A. Stacked thinning-up-
wards and fining-upwards inner fan
valley succession of the Lauge Koch
Land Formation (stage 7T). B. De-
tail of the base of the lower thinning-
upwards sequence shown in A. Bed
above stippled level is ¢. 1 m thick.
Eastern Peary Land.

and correlatives): no other known units contain suffi-
cient volumes of cherts.

The last phase of the trough fill is only preserved in
the western part of North Greenland, west of Freuchen
Land. It is represented by the Nyeboe Land Formation
and the Chester Bjerg Formation (Hurst & Surlyk,
1982; Larsen & Escher, 1985, 1987). This part of the
sequence totals about 1000 m in thickness and is of
latest Silurian age. possibly reaching into the earliest
Devonian.

In the transition zone of the Nyeboe Land Formation
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and the Chester Bjerg Formation, packages of fine
sandstone turbidites alternate with packages of silty
mudstones, often with starved ripples. This facies asso-
ciation reflects a fan fringe depositional environment
characteristic of the transition between outer fan and
basin plain deposits. The bulk of the Chester Bjerg
Formation comprises laminated light green weathering
mudstones or siltstones, deposited from muddy contour
currents, very dilute turbidity currents, or nepheloid
layers in a distal basin plain.
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Fig. 62. Overturned sequence of stacked 20-40 m thick thinning-upwards cycles in the distal fan fringe of the Lauge Koch Land
Formation, Peary Land Group (stage 7T). northern Nyeboe Land.

Fig. 63. Chert pebble conglomerate
bed (20 cm thick) showing inverse
grading. Hendrik @ Member (stage
7T). Hendrik @.



Fig. 64. Large scale flute casts on the
sole of vertical chert pebble con-
glomerate of the Hendrik @ Member
(stage 7T). Current towards the top
of picture. Hammer for scale. Ste-
phenson .
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Caledonian and Ellesmerian events in North Greenland

The Early Palacozoic Franklinian Basin in North
Greenland seems to have formed by rifting. It may thus
be of fully ensialic nature, or an aulacogen, or it may
represent continental break-up and formation of a nar-
row ocean (Surlyk & Hurst, 1984). The nature of the
crust beneath the basin is not well known, but it is
probably of continental or transitional type in most of
its preserved, southern part. Thus, the basin reflects the
evolution of a normal, passive continental margin.
However, a number of events during basin evolution
can be related to the progressive closure of the lapetus
Ocean and the formation of the East Greenland Cale-
donides (Surlyk & Hurst, 1984),

The earliest and most conjectural event was the uplift
of the eastern shelf areas in Cambrian and Early Ordo-
vician time, resulting in a marked hiatus which de-
creases progressively towards the west away from the
lapetus margin (Figs 2. 4). This phase was followed by
the incoming in the Early Silurian of enormous amounts
of sandy turbidites forming the submarine fan system of
the Peary Land Group. The sedimentation rate in-
creased dramatically and the bulk of the turbidite se-
quence was deposited during a short time interval in the
Late Llandovery. The turbidites had their source area in
the rising Caledonian mountain belt to the east; their

'S

initiation gives the most precise time record of lapetus
Ocean closure and orogenic uplift in the present north-
ern North Atlantic region. In the Late Llandovery huge
arcas of carbonate platform foundered, probably due to
the combined effect of downflexing of the outer plat-
form caused by loading of the trough with several kilo-
metres of sediments derived from the rising Caledo-
nides, and loading by westwards advancing Caledonian
nappes and thrust sheets (Fig. 42).

The next phase was characterised by the incoming in
mid-Wenlock time of westward-prograding chert-pebble
conglomerates, perhaps originating from upthrust
Ordovician chert sequences exposed to erosion in Cale-
donian thrust sheets.

The Franklinian Basin in North Greenland thus rec-
ords the evolution of a carbonate-dominated, passive
cast-west trending continental margin , exposed to the
influence of the closure of the lapetus Ocean and the
building of the Caledonian mountains to the east. The
Franklinian Basin in North Greenland finally closed in
Devonian — Early Carboniferous times, resulting in
strong deformation of the northern part of the Frank-
linian trough sequence during the Ellesmerian Oroge-
ny.



T T T T T T T T

60° 50° g o o
ORTHOTECTONIC ZONE - multiphase folding i
F, originally upright? I Line of KCTZ Sy

F, and F, north-verging % crossgemion

DIVERGENCE & IMBRICATE ZONE
~ Curvilinear thin-skinned structures I

in east; west and south verging <« =l
D, strain diminishes _
westwards, F,

FOLD AND THRUST ZONE
Thin-skinned south-verging I
structures

Folds replace
thrusts

P

4
S V_JENSEN LAND
e :

L Y ﬁ B

{E,; r::;} _/ Kap Cannon thrust zone (KCTZ)
—— — Harder Fjord fault zone (HFFZ)

Ellesmerian:

(mid- ——— — Fold traces

Palaeozoic) _s—" Thrusts

———— Tectonic zone boundaries
1

L
NLA: Nansen Land anticlinorium
AL: Amundsen Land

-m WANDEL SEA BASIN (CARB -TERTIARY]

TROUGH PLATFOAM

T BEARY LAND GF Egswmian | puatromm
SLOPE FACIES CAMBRO- _ ( ouares

(M CRDOVICIAN

82°4
[Jrowonmaonen e [CJauen i

[ eanaoiseen cr. [ rorTeiED M
R
[ sacen o FORMATIONS.

100 150 krm
J

Fig. 65. Upper structural map shows trends of main folds and thrusts in the North Greenland fold belt and the division into three tectonic zones. The lower
geological map shows the distribution of main units of the trough and shelf succession. Modified after Soper & Higgins (1987).

zel



NORTH

KAP KANE

Kap Cannon thrust zone

F1 folds of orthotectonic zone Harder Fiord fault zone
with F2 S2 superimposed

Nansen Land anticlinorium

Fundamental D1 detachment

deformed by F2
HFFZ roots in basin margin
faults in footwall of
main detachment
KTkw - Kap Washington Group volcanics ) Wandel Effm - Frigg Fjord mudstones (top of Epoll "y Deep €-Sh - Slope facies Platform Sik - Lauge Koch Land Formation & Peary
K - Cretaceous sediments Sea Epol - Polkorridoren Group ‘water €0 - Platform carbonates | _ slape Swi - Wulff Land Formation }Land
CPmm - Mallemuk Mountain Formation Basin Epar - Paradisfield Group basin €bu - Buen Formation liehios Sm = Merqujdg Formation Group
€s - Skagen Group sequence €po - Portfield Formation ) %9
SOUTH
KAP BOPA HANS TAVSEN ISKAPPE
Southern limit of Cambro-Ordovician Lower Silurian platform margin
F2 refolding trough-platform transition {Navarana Fjord lineament)

ES

NJS & AKH 1985

Limit of mudstone 5 km

facies in Buen Fnrmation

10 km 5 km

Fig. 66. North-south cross-section of the North Greenland fold belt. See Fig. 65 for the line of section. Most folds and thrusts shown are Ellesmerian
(Devonian-Carboniferous) in age, but note that the Kap Cannon thrust zone at the northern end of the section is Tertiary. Modified after Soper & Higgins
(1987).

€€l




WULFF LAND

crystalline
basement

—undeformed Silurian flysch

e

undeformed platform carbonates

0 ZP km

Fig. 67. North-south cross-section of the mountain front monocline in Wulff Land showing interpretation of the deep structure.

After Higgins & Soper (1989).

The Ellesmerian Orogeny

The mid-Palaeozoic Ellesmerian Orogeny, which
brought sedimentation in the Franklinian Basin to a
close, involved compression of the Early Cambrian —
latest Silurian trough sequence against the carbonate
shelf which flanked it to the south. In the resulting
Ellesmerian fold belts of both North Greenland and
northern Ellesmere Island fold trends run E-W to
NE-SW, broadly parallel to the main facies boundaries
within the Franklinian Basin. Little is known of the
geotectonic context of the Ellesmerian Orogeny, al-
though it has usually been interpretated in terms of
southward underthrusting of ocean floor against and
beneath the continental block and Franklinian Basin
(Trettin et al., 1972; Dawes & Soper, 1973; Trettin &
Balkwill, 1979). However, the early Palaeozoic granitic
plutonism and arc-type volcanism of northernmost El-
lesmere Island (Pearya) formerly viewed as character-
istic of an in situ magmatic arc are now viewed as
elements of an exotic terrane (Trettin, 1987).

The region of North Greenland affected by Ellesmer-
ian deformation is conventionally known as the North
Greenland fold belt. Deformation is most intense in
northern Peary Land (Johannes V. Jensen Land) where
three phases of coaxial folding are recognised and meta-
morphic grade reaches low amphibolite facies (Dawes,
1976). Both deformation and metamorphism decrease
southwards. Three distinct tectonic zones can be recog-
nised (Fig. 65), spatially related to the geometry of the
Franklinian Basin (Soper & Higgins, 1987).

A southern thin-skinned fold and thrust zone coinci-
des with a region which was transitional between the
platform and trough for much of the Cambrian. It is
approximately bounded to the south by the Navarana
Fjord lineament, a pronounced mid-Ordovician to early
Silurian platform escarpment the position of which was
probably initially controlled by faulting (see previous
discussion). Deformation is of classic fold and thrust
style with flexural slip folds located above thrust ramps.
Folds verge southwards; thrusts dip at gentle to moder-
ate inclinations northwards and have a southwards

sense of displacement (Fig. 65). Westwards from the
line of section of Fig. 66 the most conspicuous feature of
the fold and thrust zone is a major mountain front
monocline which attains an amplitude of some 7 km at
its greatest development in Wulff Land. Attempts to
model the deep structure beneath the monocline by
Soper & Higgins (1990) show that it cannot be inter-
preted as entirely thin-skinned and that crystalline base-
ment must be involved. In their model (Fig. 67) an early
Palaeozoic extensional basement ramp is envisaged as
having been reactivated during the Ellesmerian Oroge-
ny.

The divergence and imbricate zone (Fig. 63) corre-
sponds to the tract across which the vergence of folds
changes from south to north. It also coincides with a
pronounced change in the stratigraphic level of rocks
exposed at the surface. To the north, in the orthotec-
tonic zone on the site of the trough, Lower Cambrian
rocks are exposed. To the south, across the fold and
thrust zone and adjacent parts of the undeformed plat-
form, Silurian rocks are exposed except where older
rocks are brought to the surface in anticlinal fold cores
and thrust sheets. The divergence zone widens east-
wards, where it is characterised by imbricate thrusts
with curvilinear traces which verge to the west and
south (Pedersen, 1986).

The orthotectonic zone is developed on the site of the
trough proper, with its thick fill of Lower Cambrian
carbonate and siliciclastic turbidites (Paradisfjeld
Group and Polkorridoren Group). In the eastern part of
the orthotectonic zone structures referable to three
coaxial tectonic episodes (F1, F2 & F3) are recognised.
F1 folds are dominant in the south, where they are
upright. To the north, F2 folds become superimposed
on Fl1; these are consistently overturned northwards
and develop a south-dipping axial plane fabric. Near the
north coast, where F1 and F2 are isoclinal, F3 folds are
superimposed and the metamorphic grade rises to low
amphibolite facies. In the western part of the orthotec-
tonic zone in Nansen Land and adjacent islands the
dominant structures are spectacular trains of F1 folds,
upright or slightly northward verging (Fig. 13); F2 struc-



tures are only weakly developed and F3 is absent here.
A cross-section through the fold belt (Fig. 66) illustrates
the relationships between the zones.

Following a period of erosion and peneplanation, the
folded early Palaeozoic sediments of the Ellesmerian
fold belts were overlain by Carboniferous to early Terti-
ary sediments and volcanics. In northern Ellesmere Is-
land thesc sequences are referred to the Sverdrup Ba-
sin, and in North Greenland to the Wandel Sea Basin
(Stemmerik & Hakansson, 1991; Hakansson ef al.,
1991).
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