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Abstract

A new lithostratigraphic scheme is erected for the uppermost Ordovician and lower Silurian shelf
carbonate rocks of Peary Land and Kronprins Christian Land, eastern North Greenland. All carbonate
rocks were deposited on a fairly stable shelf which was bordered to the north and east by deep-water
basins. The shelf foundered in the latest LIandoverian, terminating carbonate production.

Five formations and two members are defined and extend from the uppermost Ordovician (Cincinna­
tian) to the uppermost LIandoverian, or possibly lowermost Wenlock in the Silurian. Lithostratigraphic
units include: Turesø Formation (new) composed of alternating light and dark grey peritidal to shallow
subtidallaminated or massive dolomites, cryptalgallaminites and fenestrallime mudstones - uppermost
Ordovician (Richmondian, Cincinnatian) to Lower or Middle LIandoverian; Ymers Gletscher Forma­
tion (new) composed of light grey peritidal lime mudstones, fenestral lime mudstones and cryptalgal
laminites - Lower to Middle LIandoverian; Odins Fjord Formation (new) composed of shallow to deep
subtidal dark lime mudstones, wackestones and commonly tloatstone and rudstone biostromes - Middle
(possibly Lower) to Upper Llandoverian; Melville Land Member (new) composed of light grey peritidal
lime mudstones, fenestral lime mudstones and cryptalgal laminites - Middle (possibly Lower) Llan­
doverian; Bure lskappe Member (new) composed of drowned shelf, dark grey to black laminated lime
mudstone with terrigenous mudstone interbeds - .upper LIandoverian; Samuelsen Høj Formation (new)
composed of light grey to white reef Jimestones - uppermost LIandoverian; Harefjeld Formation (new),
a faulted, folded and cleaved black lime and terrigenous mudstone unit in eastern Kronprins Christian
Land - Ordovician to Silurian (Llandoverian).

Author's address:
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BP Petroleum Development Ltd.
Britannic House
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INTRODUCTION

A new lithostratigraphical scheme is erected for the uppermost Ordovician and
lower Silurian carbonate sediments deposited on the carbonate shelf of eastern
North Greenland (figs l, 2). The present-day outcrop of these sediments stretches
eastwards from the valley to the south of Adolf Jensen Fjord, through southern
Odins Fjord, the remainder of Peary Land, eastwards through northem Valdemar
Gliickstadt Land and southwards into Kronprins Christian Land (fig. 1).

The carbonate sediments were deposited on the eastern part of an extensive
east-west trending carbonate shelf which persisted throughout the Lower Pal­
aeozoic across North Greenland (Dawes, 1971, 1976; Hurst, 1980a; Hurst et al.,
1983; Hurst & Surlyk, 1983a, b, 1984; Surlyk & Hurst, 1983, 1984; Surlyk et a!.,
1980). The shelf was bounded to the north by a deep-water basin in which
terrigenous clastics were deposited (Friderichsen et al., 1982; Hurst & Surlyk, 1982;
Surlyk & Hurst, 1983, 1984; Surlyk et al., 1980). The location of the northem shelf
margin was controlled by a series of faults and lineaments and its position varied
throughout the early Palaeozoic (Hurst & Surlyk, 1984; Surlyk & Hurst, 1983,
1984). The deep-water basin throughout North Greenland expanded by several
episodes of carbonate shelf margin foundering resulting in the southward shift of
the margin to new positions. During the latest Ordovician and early Silurian the
shelf margin ran just to the south of and parallel with Frederick E. Hyde Fjord,
between northern Odins Fjord and Citronens Fjord (figs 1, 3). A major episode of
shelf foundering which occurred during the late Llandoverian to earliest Wenlock
resulted in the complete drowning of the early Palaeozoic shelf (Hurst et al., 1983).
The foundering of this shelf resulted in an onlapping deep-water turbidite sequence
which has obscured much of the immediate shelf margin and fades.

Fieldwork in eastern North Greenland was carried out between 1978 and 1980.
In the summer of 1978, sections in the valley south of Adolf Jensen Fjord, Odins

Fig. 1. Simplified geological map of easternmost North Greenland showing the distribution of the
formations described in the text. Letters refer to geological maps in the text, including A (fig. 6) and B
(fig. 56). Figures reter to sections in the text; 1 (fig. 32), 2 (fig. 9) 3 (fig. 33), 4 (fig. 8),5 (fig. 30),6 (fig.
10), 7 (fig. 1l), 8 (fig. 34),9 (fig. 12), 10 (fig. 13), 1l (fig. 58), 12 (fig. 35) 13 (fig. 59), 14 (fig. 37), 15
(fig. 39), 16 (fig. 37), 17 (fig. 14),18 (fig. 15), 19 (figs 16, 17), 20 (fig. 40) and 21 (fig. 41). Based on the
map in Grønlands Geologiske Undersøgelse Rapport 88 and 106. On inset map, w = western, c =
central, and e = eastern North Greenland; a = J. P. Koch Fjord. Note that the Ymers Gletscher
Formation does not occur in the G. B. Schley Fjord region of Peary Land or in Kronprins Christian
Land. Also Silurian formations of the G. B. Schley Fjord region of Peary Land are undifferentiated.
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Odins Fjord Fm

___IØIll"' "::S,.. "

'" .Samuelsen Høj Fm">:

~ Sillslone lurbidiles ~ Lime mudslone and wackeslone--
~ Lime mudslone m Lime mudslone plus siliciclaslic mud

~ Reel limeslone E:J Perilidal carbonale

~ Bioslrome and wackeslone ø Dolomite (mainly perilidal)

Fig. 2. Schematic diagram showing the main spatial distribution along a north to south transect through
the Melville Land region of Peary Land of the main facies associations conslituting the formations and
members described in lhe tex t. Note that the southern part of lhe diagram is hypothetical (enc1osed in
brackets). In particular the vertical continuation of the Ymers Gletscher Formation into the Melville
Land Member of the Odins Fjord Formation is based on the idea that peritidal environments fringed a
southerly situated craton. SheIf margin reefs along the northern sheIf margin are not shown as their
exact temporal and spatial distribution is not known. Note thaI biostromal units are concentrated in the
southerly part of the shelf. This does not imply that a separate biostromal member unit can be
differentiated but simply an area more dominated by biostromal related facies types.

Fjord, Samuelsen Høj and G. B. Schley Fjord regions were examined during a
total of approximately 2 months. In the summer of 1980 sections in western
Kronprins Christian Land were examined for a total of 3 weeks.
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Fig. 3. Simplified geological map of Peary Land showing the surface trace of the deep-seated Navarana
Fjord fault which controlled the northern margin of the Ordovician to Silurian carbonate shelf. This
fault line was not active atter deposition of the Peary Land Group, so that it does not displaee these
strata. Note the linear nature of the Navarana Fjord fault and the fact that shelf carbonates do not
outcrop north of the fault. Base-of-slope conglomerates (Freja Fjord Member and Citronens Fjord
Member) are derived from the shelf margin and provide specific information about an area of the shelf
whieh is largely obscured.

Much of this report relies heavily on the measured sections and mapping by other
geologists, including H. A. Armstrong (University of Newcastle, U. K.), R. L.
Christie (Geological Survey of Canada), J. R. Ineson (University of Keele, U. K.,
now British Antarctic Survey), P. D. Lane (University of KeeIe), J. E. Mabillard
(Shell, Netherlands), S. A. S. Pedersen (University of Copenhagen), J. S. Peel
(Geological Survey of Greenland) and A. T. Thomas (University of Aston, U. K.),
who visited central and eastern Peary Land, Valdemar Gliicksta4t Land and
Kronprins Christian Land in the summers of 1978, 1979 and 1980. It should be
noted that standard North Greenland geographical terminology, used by the Geo­
logical Survey of Greenland, is western, central, and eastern North Greenland (fig.
1). Peary Land and Kronprins Christian Land are part of central and eastern North
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Greenland. For the convenience of this report they are referred to as eastern North
Greenland (fig. 1).

FolIowing an account of the previous work in the area, the succession of new
units is discussed in ascending order. This is followed by a carbonate shelf evolution
synthesis, and finally a comparison with contemporaneous sediments in western
North Greenland (Hurst, 1980b) is made. This article supersedes all previous
accounts of the Silurian stratigraphy of Peary Land and Kronprins Christian Land
but, where necessary, the relationship of the old preliminary accounts to the
present study is discussed.

PREVIOUS WORK

FolIowing the 2nd Thule Expedition 1916-18, Koch (1918) produced a prelimin­
ary geological sketch map of North Greenland on which he located upper Ordovi­
cian and Silurian rocks in Peary Land and suggested areas which they may extend
to. At this stage it was not known in detail what type of Silurian sediments occurred
in Peary Land. Later, as the leader of the Bicentenary Jubilee Expedition 1920-23,
Koch (1923a,b, 1924, 1925, 1929, 1935) proposed the first stratigraphic frarnework
which partly encompassed Silurian carbonate sediments of Peary Land (fig. 4).
Koch (1923a) recognised a succession of 1) Cryptozoan Limestone, 2) white
limestone 100 m thick and devoid offossils, 3) 400-500 m of greyish blue limestones
with badly preserved fossils, 4) about 100 m of grey limestone in which Maclurea is
common, and 5) 300 m of coral-bearing limestones with Halysites, Calapaecia,
Receptaculites, and numerous other fossils. He was in no doubt that the latter unit
was of Trenton age (late Ordovician). On a map produced in the same publication
(Koch, 1923a) it can be inferred that, along the south coast of Peary Land (north
coast of Independence Fjord; fig. l), a unit he referred to as Coral and Graptolite
Limestone occurred above the coral-bearing limestones and was thus presumably
of Silurian age (fig. 4). In turn this unit was reported to be overlain by sandy shales.

Later Koch (1929) introduced several formation names for Lower Palaeozoic
carbonate strata across North Greenland. The actual extent of some of these
formations has been in doubt until Dawes & Haller (1979) published Koch's
geological maps of North Greenland which had remained unpublished since his
field work 50 years previously. Of particular interest is the Cape Calhoun Forma­
tion and Cape Tyson Formation (Koch, 1929). The former was equated with the
Upper Ordovician (Dawes & Haller, 1979) and thus it can be inferred with the
coral-bearing limestones and grey limestones of Koch (1923a; fig. 4). The Cape
Tyson Formation is apparently equivalent to the Coral and Graptolite Limestone
(Koch, 1923a; Dawes & Haller, 1979; fig. 4).

Subsequently Troelsen (1949) re-examined sections of Lower Palaeozoic carbo­
nates around Jørgen Brønlund Fjord. He named several units, the highest of
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which, the Ordovician Børglum River Limestone, was equated precisely with the
grey limestone of Koch (1923a). Later Troelsen (1956a,b) referred to undifferenti­
ated Silurian sediments on a map of Peary Land (Troelsen, 1956b) and described a
Cape Calhoun Formation and a Børglum River Formation (Troelsen, 1956a). It is
intriguing that Troelsen (1956a) should describe both a Cape Calhoun Formation
and a Børglum River Limestone when he must have been aware that Koch (1929)
regarded the Cape Calhoun Formation as including coral-bearing limestone and
grey limestone of Koch (1923a). Thus, the equating of the Børglum River Lime­
stone with the grey limestones of Koch (1923a) indicates that the Cape Calhoun
Formation and Børglum River Limestone partly overlap.

Up to this point the only activity of note conceming Silurian carbonates in
Kronprins Christian Land was recorded by Nielsen (1941). As a member of the
Danish Northeast Greenland Expedition 1938-39, Nielsen (1941) located 300 to
400 m thick, dark limestones of Gotlandian (Silurian) age, the faunas of which he
briefly compared to species known from the Offley Island Formation of western
North Greenland (Koch, 1929).

After these brief periods of activity the focus of early exploratory activity moved
eastwards to Kronprins Christian Land. Adams & Cowie (1953) erected the Cen­
trum Limestone for a sequence of 2-3 km thick carbonates of Ordovician to
Silurian age. Later Frankl (1955) introduced the term Drømmebjerg Limestone for
a sequence of Silurian limestones above the Centrum Limestone. Subsequently,
Scrutton (1975) termed these two units the Centrum Formation and Drømmebjerg
Formation. Scrutton (1975) attributed the Drømmebjerg Formation to Frankl
(1955) and Cowie (1961). Comparing the maps of Frankl (1955) and the localities
used by Adams & Cowie (1953) it is apparent that the original Centrum Limestone
included the Drømmebjerg Limestone.

Thus, until the last decade two entirely different lithostratigraphic nomencIa­
tures were emerging for Lower Palaeozoic carbonate rocks in Peary Land and
Kronprins Christian Land. In addition the Silurian carbonate rocks of Peary Land
were essentiaIly unknown (fig. 4).

Peel & Christie (1975) were the first to describe in some detail the Silurian
sediments from the central part of Peary Land. Above the Ordovician Børglum
River Formation they recognised a Silurian(?) dolomite unit (150 m thick), over­
lain by Silurian limestone (320 m thick) and Silurian reefs. This preliminary
stratigraphic report was later substantially enlarged by Christie & Peel (1977; see
fig. 4).

FolIowing the exploration work of the Greenarctic Consortium (Canada), Dawes
(1976) reported an Unnamed Limestone and Dolomite unit of Siluril.ln age, over­
lain by shales, siltstones, and reefs in Peary Land. Almost simultaneously, Mayr
(1976) produced an account of Silurian sediments, in particular aspects of reef
development, from the Samuelsen Høj region of Peary Land (fig. 4). This account
was based on field work in 1972 under Greenarctic Consortium exploration ac-
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tlvltles. He extended the Børglum River Formation to include all level-bedded
earbonates of Silurian age. Mayr (1976) also recognised an 'Unnamed earbonate­
shale unit' whieh was eonsidered to be of Wenlock to Ludlow age. The earbonates
of this unit are in faet reef knolIs surrounded by terrigenous mudstones; the latter
were termed the Wulff Land Formation (Thors Fjord Member) by Hurst & Surlyk
(1982).

The first eomprehensive aeeount of the Silurian strata of Peary Land was given
by Christie & Peel (1977). They reeognised an 'Un-named Silurian(?) dolomite
formation' of 150 m thickness above the Ordovieian Børglum River Formation (fig.
4). This unit they sub-divided into two members. Above the dolomites they
recognised an 'Un-named Silurian limestone formation' whieh was sub-divided into
six members, A to F inCiusive, whieh were eonsidered to be of early Silurian age
(early or middle Liandoverian to late LIandoverian). These two units were in-
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Fig. 4. Previous and present
lithostratigraphic schemes erected to
cover the carbonate shelf sediments
of Peary Land. The middle block of
columns relates to Peary Land and
the right hand block of columns to
Kronprins Christian Land. Ch =

Champlainian.

c1uded by Mayr (1976) in the BØrglum River Formation. The Silurian reefs Christie
& Peel (1977) referred to as Silurian carbonate mounds (fig. 4).

The most recent work on the carbonate strata of eastern North Greenland was
under the auspices of a three year expedition mounted by the Geological Survey of
Greenland during the summers of 1978, 1979 and 1980. As aresult of these
activities a more detailed picture is emerging concerning the facies, thickness and
age variation of the Silurian carbonates of southern Peary Land and Kronprins
Christian Land (Aldridge, 1979; Armstrong & Lane, 1981; Boucot & Hurst, 1979;
Christie & Ineson, 1979; Hurst, 1979; Hurst & McKerrow, 1981a, b; Lane & Peel,
1980; Lane & Thomas, 1979; Mabillard, 1980; Pedersen, 1979; Peel, 1980; Peel et
al., 1981). A recent survey of the status of Lower Palaeozoic stratigraphy of North
Greenland, inc1uding the Silurian, may be found in Peel (1982, 1984).

A most important point arising from this work is the demonstration by Peel
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(1980) that the Lower Palaeozoic carbonate sequences of Peary Land and
Kronprins Christian Land are essentiaIly the same (cf. Peel et al., 1981). Further,
the so-called Centrum Limestone of Adams & Cowie (1953) was shown to include
units which were repeated several times by thrusting, demonstrating that the
originally proposed thickness of 2 to 3 km was a large overestimate (Hurst &
McKerrow, 1981a, b; Peel, 1980; Peel et al., 19~1). Thus, Peel et al. (1981)
recommended that the term Centrum Limestoøe be discontinued and the
lithostratigraphy of Kronprins Christian Land be described in terms of the Peary
Land scheme.

LITHOSTRATIGRAPHY

All sedimentary logs of the type and reference sections in the text are standar­
dised by the author (fig. 5). Description of each lithostratigraphic unit is based on
field characteristics together with thin section analysis. In the field detailed bed
measurements and characteristics were taken and sediment samples were collected
at standardised intervals of between l and 10 m. A closer sampling grid was
undertaken through obviously highly variable sections. All the sections in Odins
Fjord and at Samuelsen Høj were measured by the author. Other sections included
in this report were measured by R. L. Christie, J. R. Ineson, J. E. Mabillard, S. A.
S. Pedersen and J. S. Peel and were standardised according to the style employed
by the author. Facies descriptions of sediments follow the c1assification of Dunham
(1962) as modified by Embry & Klovan (1971).

The biostratigraphic scheme is based primarily on conodonts, brachiopods,
corais, gastropods and graptolites. In particular the conodont work on these
sections has been largely undertaken by H.A. Armstrong (University of Newcastle,
U.K.), as part of a larger study concerned with upper Ordovician and Silurian
conodont biostratigraphy of North Greenland (Armstrong, 1983; Armstrong &
Aldridge, 1982). It is strongly emphasised that the conodont information included
in the biostratigraphic sections of this report is drawn entirely from the work of
Armstrong.

In the chronostratigraphic scheme, North American series and stages are used in
the Ordovician, whilst the British standard series and stages are used in the
Silurian. It is impossible to relate with any degree of certainty strata to the
LIandoverian stages, so it is emphasised that LIandoverian stages are only used
tentatively.

The individual lithostratigraphic units are described in ascending order. The
Harefjeld Formation which is contained on the thrust sheets of Kronprins Christian
Land is described last. It is emphasised that, apart from the Harefjeld Formation,
the lithologic descriptions of the formations are based on Peary Land which is the
Ieast deformed and best known area.
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Lithology Strueture

~ Limestone D Massive

B Dolomite Ej Nodular-wavy bedded

~ Dolomitie limestone 1
1 ,! I Mottled-burrowed

~ Lime mudstone ~ Caleite dolomite vugs-

~ ~
.. Waekestone Horizontal Jamination.- ..

1°1°1°1 Paekstone § Fenestrae and laminationo 0

~ Grainstone § Cryptfllgal laminiteo o

~ Floatstone D Coquina" / - ~

~ Rudstone E] Small seale
eross bedding

D •- - Terrigenou5 mudstone Starved rippies

D Chert 1-.. '1 Flat pebble
eonglomerate

ES3 Limestone with silieielastie 1°0°1
Massive

mudstone streaks eonglomerate

~ Boundstone 0 Seours

I~~I Conglomerate G Stromataetis I ealeite
til led eavities

Depositional environment

Fig. 5. Legend covering all figured sections in the text. The stepped nature of the right hand line of the
sedimentary structure column seen in the sections is not meant to indicate a precise grain size scale as is
customary when depicting terrigenous clastic sediments. The stepped nature of this line is a gross
characterisation af grain size whilst taking into account the weathering characteristics of the sediments.
With the floatstone and rudstone units a split in the lithological column is made, the left hand side of
which depicts the interstitial microfacies af the floatstone ar rudstone unit. The depositional environ­
ments are very broadly defined and as shown an the sections mask a good deal af variation. They are not
intended to show all intricate changes but to give a broad idea af the interpretation of the facies. Reef
environments (Samuelsen HØj Formation) are excluded because they are highly variable.

Thresø Formation
new formation

His/ory. The formation probably partly corresponds to the Cape Calhoun Formation and Cape Tyson
Formation of Koch (1929). In Kronprins Christian Land this unit was included in the embracive
Centrum Limestone (Adams & Cowie, 1953). Mayr (1976) included the strata of the Turesø Formation
in an expanded BØrglum River Formation (fig. 4). It corresponds in part to the Unnamed Limestone
and Dolomite unit in Peary Land of Dawes (1976) and to the Silurian(?) dolomite af Peel & Christie



14

---- lee fjeld limit

/''',~ Fault with downthrow

-- Dyke

5km

Bure Iskappe

Wandel Valley Formation

Turesø Formalion

Børglum River Formation

MerQujOQ Formation

Odins Fjord and Ymers
Gletscher Formation

Lauge Koch Land Formation

~ Measured seetion

fil
~

~

~

CJJ

~,: Wulff Land Formation
Iillirill (Thors FHlrd Member)

Fig. 6. Geological map of the Odins Fjord, Ymers Gletscher, Bure Iskappe and Turesø region (A on fig.
I). Numbers l, 2, 3 and 4 refer to the line of sections and correspond to the numbers in fig. 1. Section 1
(fig. 32) is the type section of the Bure Iskappe Member. Section 2 (fig. 9) is the type section of the
Ymers Gletscher Formation and Odins Fjord Formation. Section 3 (fig. 33) is a reference section for the
Odins Fjord Formation and Bure Iskappe Member. Section 4 (fig. 8) is the type section of the TuresØ
Formation. The Ymers Gletscher Formation occurs as a' thin band at the base of the Odins Fjord
Formation. Aerial photographs of these sections are shown in figs 7, 29.
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Fig. 7. Vc:rllal aena! phOlOgraph. vmh ItIe geology ~pcrimpo5ed. af lbe alU lIround Turew (figs I. 6).
fIlOle lht localioo af!he type section af the Turcsø Formation al 4 (fip; 6. 8). Ordovkian Wandel Valley
Formation (a). Ordoyjcian B"rglum RIver Formalion (b). TUfCS0 Formalion (c). Ymers Gletscher
Formatkm and Odins Fjord Formation (d). The Ymers Glctseher Formation occurs asa Ihill band althe
base of tht Odins Fjord Formation. All geological symbols as in fig. 6. Aerial pholograph 256G. No.
692. Copyright Geodætisk Inslilul. Denmark.

(1975). Iht 'Un-namcd Silurian('!) dolomilc formation' af Christie & Peel (1977). :lnd the 'Un-namcd
Silllrilln(?) dolomitc formalion' of tht Odins Fjord region (HlIrst, 1979).

Home. From TurcS0, an ice·oovcrcd lake situatcd between Bure Iskarpe and Hans Taysens Iskappe.
due soulh of Odins Fjord and Ymers Gletscher (figs 1.6.7).

Type ond reference sect;ollS. The type section is on the western side of the northern
end of Turcsø (figs 6, 7, 8) and reference sections are located northwards on lhe
eastern side of Ymers Gletscher and throughout Peary Land (figs 8-17).
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Fig. 14, Sediment log af 3 reference 5Cclion of the
Turcsø Formation in the Mclvi1lc Land region of
Pcary Land (loc~llion l7 an fig. I). Symbols shown
ill rig. 5. Primary scction measlIred by J. E.
Mabillard. Co-ordinales UM 93 49 an GGU pho­
lomosaic shect 82 SG.

Fig. 15. Sediment log of a referencc scclioll af the
top af the Thrcsø Formalion. Ymers Gletscher For­
malion. Odins Fjord Formalion and the type sec­
lian af the Mclvillc Land Mcmber in the MelviJlc

Land region af Pear)' Land (location 18 an fig. I).
Symbols shown in fig. S. Primary scclioll mcasurcd
by J. E. Mabi1lard, Co-ordinatcs UM 96 54 an
GGU photomosaic sheet 82 SG.



Fig. 16. Sediment log of a reference section of the Turesø Formation and Odins Fjord Formation in the
G. B. Schley Fjord region of Peary Land (location 19 on fig. 1). Note sediments are only tentatively
assigned to the Turesø Formation and top of the section is faulted. The placement of the top boundary of
the Turesø Formation is also questionable. Symbols shown in fig. 5. Primary section measured by R. L.
Christie and J. R. Ineson. Co-ordinates VN 373 082 to VN 363 060 on GGU photomosaic sheet 82 NE.

Thickness. Between 115 and 150 m in Peary Land, whereas in Kronprins Christian
Land it is at Ieast 200 m thick (Hurst et al., in press; Peel, in press; Peel, 1982,
1984). There does not appear to be any systematic thickness variation of the
formation in Peary Land. Armstrong & Lane (1981) report a thickness of only 95 m
for the formation in Børglum Elv. This figure is at variance with Christie & Peel
(1977), Mabillard (1980) and myself who record a thickness of approximately 150
m.

Lithology. The formation is characterised by medium to thick-bedded (10-100 cm)
dolomite and limy dolomite which weather into small cliff-like benches or recessive
scree slopes (figs 18, 19). On both fresh and weathered surfaces, the rocks are
generally grey and in some horizons a distinctive alternation of light and dark grey

2'
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Fig. 17. Sediment log of a reference section of the TuresØ Formation and Odins Fjord Formation in the
G. B. Schley Fjord region of Peary Land (Iocation 19 on fig. 1). Note that sediments are only tentatively
assigned to the Turesø Formation and that the placement of the upper boundary of the formation is
questionable. Symbols shown in fig. 5. Primary section measured by R. L. Christie and J. R. Ineson.
Co-ordinates VN 373 082 to VN 363 060 on GGU photomosaic sheet 82 NE.

bands (50-100 cm) is apparent (fig. 20). On a large outcrop scale the whole unit is
banded dark and light grey, but individual bands cannot be traced over wide
distances. In the Melville Land area there is a tendency for the upper half of the
formation to be generally slightly darker in colour than the lower part (fig. 19).

Commonly, massive beds consist of crystalline dolomite in which there is little or
no trace of the original microfacies (fig. 21). Such beds are often completely
bioturbated which is emphasised by strong mottling of sediments (fig. 22).
Chondrites sp. is the only ichnogenus which has definite1y been identified.
Rounded to irregular calcite vugs (1 to 5 cm) are commonly developed, sometimes
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Fig 18. OUlCTOP pnttcm af Ihe IOP af lhe Thrcsø Formation (o) :lod the o\crlying Ymers Gletscher
Forrnalloll (b). lJa~ af ,maIlIcdge af Ymers Gletscher FormalIon (b) IS lhe base uf lhe form'llIon. ThlS
I~ lhe type scellon for lhe Ymers Gletscher Formation and Ihe o\crlying OdlJls F,ord FormalIolI (c).
Location ,md mC;lsurcmcms in figs 6. 9. l!eighl af elin in background. bcyond gull)'. approximaldy 50
III.

Fig. 19. QUlcrop af lhe IOp af
thc Turcsø Formation (a). the
Ymers Gletscher Form11lion
(b), Ihe lower pari af lhe
Odins Fjord Formalion (c)
1md the Melville Land Mern·
bcr (d) in lhe Melville wmd
region uf Pc,lry Lmd. near
bul nOl al locali!y 18 (fig. 15;
co-ordinalcs VM 96 54 Oll

GGV pholomosaic shect 82
SO). Cliff hcight approx­
imatcly 250 m.
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Fig. 20. Type SCC1ion of the
Tur~ Formalion (figs 6, 7.
8)......estern Turcso. Børglum
RI\"Cr Fonnalion (a). Turesø
FormalM>n (b). Ymen
Gletscher Formalion (c) and
Odins Fjord Formation (d).
Nole blad; and ""hilc strip«!
nature of Ilte Turesø Forma·
1I0n. Oiff heighl abo"c basal
sno..... palch approxim:llcly
200 m.

with Ouoritc. <lnd traces af irrcgular lmninae, reminiscent af cryptalgal laminaic,
lllay bc present (fig. 21). More nodular beds arc often Iimy dolomites in which the
original microfacics are sometimes prcservcd. Wackcslonc. composed af pelleis,
TaTC spongy oncolilcs. criooid and unidentifiablc skclclal debris, all in il c10ttcd
mud matrix. is Ihe most common microfacics (fig. 23). Distinct horizons af

Fig. 21. Crystalline and mott\ed doklmiles of the Turese Fonnalkln. NOle iltcipient lamination in lbe
Io....es( bed. From section 2 (soulbem Odill$ Fjord: fil. 6). Pen 13 cm klnll.
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Fig. 22. Burrow ('~) mOtllcd dolomilCS logclher Wilh scallcrcd sheIIs af virgianid br~lchiopods from the
lype [ocality af the Tures'l Formation (figs 6. 7).

Fig. 23. Thin scction photomicrograph showing pelletal lime mudSlone with some skelet;!l fragments
pocrvadcd by growlh af cquant dolomitc cryslals. Turcsø Formalion. scclion 2 (figs 6. 9). Sample GGU
254762.
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Fig. 24. Aclinoccr<ltid
CCllhalopod ;md m:lc!urilid

g;ISlropod in rnot1lcd dol·
omiles o( thc lower part of
lhc TurcS\) Form"lion in the
lype ,cclion (figs 6. 7, 8).
This Iype of fauml lind pTe­
scrv<lIIOn is di:lgnostic of thc
TurcMl Formation.

fcncslTallimc mudstonc ar cryptalgallaminitcs (dolomitc ar limcSlonc) occur up to
IO Hl lhick. Thcsc horizons e<ln bc lraced for considerable distances alang strike (up
to 500 m). Rare intraformational nat pebble conglomcrates are associatcd with the
cryptalgal larninilcs. Coquinas dominalcd by virgianid brachiopods (skelet::ll
grainstollcs) are com mon in the upper hal f af Ihe formation (fig. 22). Occasional
shrinkage cracks are present (Arrnslong & Lane, 1981). AClinoccratid ccphalopods
and maC!uritid gastropods rarcly occur in thc lowcst parI of thc formation (fig. 24).

Fig. 25. Bouldcr limcstonc oonglomcralc al the base-of-slope of Ihe shelf margin alon& lhe Navarana
Fjord f,1U11 (fig. 3). Clasts contain informalion aboul lhe immcdiatc shclf margin. From refercnce
scction 36 of lhc Citronens Fjord Mcmbcr of "Iursl & Surlyk (1982).
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lIg !6 Tllln .,crtlOn phOlomicroyaph of a boolder of graim;lone In Ih<' b:l!le-of~ C()ngJomerat~

dCrl\cd from Ihe ,!)cIf mar"in and as,s.gncd to Ihe Citronens '"Jord Mcmbcr (Hursi & Surl)k. l~!)_

S;,mplc GGU :?.....rn Poorly prcscl"cd solcnopofaccan algae (a) and abraded lime mutklonc hlhoclasl
(hj.

Sediments rcfcrablc IO this formal ion in the G. B. Schlcy Fjord region af Pcary
Land (fig. I) and Kronprins Christian u.md are less dolomilic and consis! morc af
nodular lime wackcslonc than cryplalgal (aminiiC. TheTe is aiso a grCalcr pcrccn­
lage af coquinas and grcaler fauna! divcrsity and density.

Thc above dcscription pcrtains IO Ihc sediments which are currently exposcd in
Pcary Land and Kronprins Christian Land and which rcpresent the upper Ordo\'i­
cian and lowcr Silurian shelf facies. Howc\'cr. the rim af thc Peary Land carbonale
shelf is not exposed. but rock boulders (fig. 25) containcd in conglomeratcs al the
base of lhe shclf slopc (Citronens Fjord Member; Hurst & Surlyk. 1982) provide
information on the cOnlemporancous rim fades (fig. 3). Many boulders are identi­
cal to the shelf fueies. but some exotic c1asts are preseIlt. Some small dolomite
c1asts are stained red. A few large boulders (up to 5 m diameter) consist of nodular
limestonc or limy dolomite with an abundanl fauna of virgianid brachiopods,
stromatoporoids and gaslropods. The microfacies is a distinctive lithoclaSlic-bio­
cIaSlie grainstone in which the fragments (1-5 mm) are abraded and sub-roundcd.
but poorly soned (fig. 26). Much of the algae is recrystallised. but fragments of
solenoporaccans (red algae), dasycladacean (green algae) and very poorly pre­
served codiacean green algae, lhe latter resembling Garwoodia sp. and
Hedstroemia sp._ occur. Lime mudstone lithoclasts. sometimes pelletal, and pellet
wackestones are com mon and similar in size to the bioclasts.
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Facies interpretation. A well developed cyclicity of facies is evident, each cycle
varying between 2 and 20 m in thickness and consisting of laminated and cryptalgal
laminated carbonate or fenestrallime mudstone interbedded with nodular biotur­
bated dolomitic wackestone with silt rippies and a rare benthie fauna. These
sediments represent deposition in peritidal environments subjected to repeated
rapid submergence. The wackestone represents shal10w subtidal environments and
the cryptalgal laminated carbonate and fenestrallime mudstone indicates intertidal
to supratidal environments (cf. Markello & Read, 1981, 1982). They are similar to
other lower Palaeozoic subtidal to intertidal couplets (cf. Mayr, 1982; Mazzullo &
Friedman, 1975), but the scarcity of intraclast conglomerates and shelly coquinas is
suggestive of a very 10w-energy shelf sequence (James, 1979). Faunal patterns
indicate the possibility that there were periodic hypersaline conditions (Fiirsich &
Hurst, 1980).

The microfacies represented in the boulders at the base-of-slope are indicative of
certain shelf rim conditions. The red coloured dolomite clasts indicate thorough
oxidation of the dolomite prior to redeposition. Such red zones are often inter­
preted as representing subaerial exposure surfaces (Dunham & Olson, 1980) and
the red dolomite clasts may indicate temporary subaerial exposure of the rimmed
shelf margin, parts of which were later redeposited downslope. The grainstone
represents the remains of shelf rim debris which was probably deposited as rela­
tively high-energy carbonate sand shoals. The abundance of algae may indicate the
presence along the rim of algal reefs (cf. Wray, 1972, 1979).

Boundaries. The lower boundary is taken at the incoming of the first dolomitic or
limy dolomitic bed (figs 8, 12, 14). This is generally accompanied by a drastic fall in
both faunal diversity and density. The Turesø Formation is lighter coloured (fig.
20) and less nodular than the underlying Ordovician Børglum River Formation and
this colour and bedding difference normal1y coincides with the increase of do1­
omitisation. Similarly, the upper boundary is taken at the last dolomitic or limy
dolomitic bed (figs 8, 9, 10, 11, 12, 13, 14, 15). This boundary is normally sharp as
the overlying Ymers Gletscher Formation is light coloured, wel1 laminated and
recessive in contrast to the darker and more massive Turesø Formation (figs 19, 20,
27).

In the Melvil1e Land region of Peary Land the boundaries are relatively easy to
locate. In contrast, the boundaries are difficult to place in the structural1y complex
area ofthe G. B. Schley Fjord region of Peary Land (fig. l), and the precise extent
of the formation is not known (figs 16, 17). Also the placement of the top boundary
of the Turesø Formation is complicated by the fact that the formation is not as
distinctively dolomitic as elsewhere in Peary Land.

Distribution. The most westerly occurrence of the formation is in southern Odins
Fjord and around Turesø (figs 1,6,7). Dolomites in the J.P. Koch Fjord area (fig.
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Fig 27. Transilion from lhc TurcSll Formalion (a) Io thc Ymers Gletscher Formalion (b) in thc Iype
!>CelIon or Ihc TurCSll Formalion (figs 6. 7). NOle thc dark. more massive Turew Formation and thI:
Ihlnncr-bcddcd. laminalcd and lighter culoured Ymers Gletscher FormalIon. Slopc heighl approx­
Im:ltcly 40 m

l) of Ilcary Land (Hurst. 1979) arc simiJar to thc Turcso Formalion and may
eventually bc assigned Io il. This decision awaits further ficldwork. Thc formal ion
strclches in a weSI IO eaSI belt through Pcary Land reaching the castcrn eoast al
Vil~kol Bugt (fig. I). lsolatcd outcrops of thc (annal ion occur around G. B. Schlcy
Fjord and in northern Valdemar GHickSladt Land. In Kronprins Christian Land thc
formation is repealed as a series af norlh to south trending slivers which are
bounded by thrusts (fig. 1)

1Jioslrllligraphy. In the type scclion (fig. 8) eonodont fauna attributable IO fauna 12
(Swecl el al., 1971) of the Ordovician Richmondian Stage (Cincinnalian Series)
occur up to SO m above the bilse of the formation (Armstrong, 1983; Armstrong &
Aldridge, 1982). There is il gap of approximately IS to 20 m wilh 110 filuna before
tile first uncquivocably Silurian conodont assemblages occur (fig. 28). In thc
rcfcrcnce seclion at Børglum Elv fauna 12 occurs up to SO m above the bilse of the
formation (fig. 12). This is followcd by 20 IO 30 m of barren strata before lowcr
Siluriiln faunas appear (Armslrong. 1983; Armstrong & Aldridge. )982). In the
reference scclion in the Melville Land region of Peary Land approximalcly the
lower 30 m of the formalion yiclds a Richmondian fauna 12 which is followed by a
faunal gap (20-30 m approximalcly) beforc Silurian conodonts occur (figs 14,28).
In Kronprins Christian und Ihe age controlof the lower pari of Ihe formal ion is
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Fig. 28. Simplified stratigraphic scheme showing the thickness variation of the various formations
throughout Peary Land and their lateral and vertical extent. Section numbers l to 18 correspond to
those of fig. land the text. Note that the Ordovician-Silurian boundary and the Middle to Upper
L1andovery boundary are accurate in each section to within 10 or 20 m. Note the diachronous top to the

not well documented, in part due to incomplete sections. However, it appears that
the first indication of Silurian conodont faunas occurs approximately 65 m above
the base of the formation (Armstrong & Aldridge, 1982).

Age diagnostic fauna from the remainder of the formation is sparse. Smooth
virgianid brachiopods commonIy occur in the upper half of the formation and such
forms are normally taken to be indicative of an Early to Middle Llandoverian age
(cf. Berry & Boucot, 1970; Boucot et al., 1971). Sparse conodont faunas are in
agreement with this assignment (Armstrong & Aldridge, 1982).

, To summarise, at least the lower 30 to 50 m of the Turesø Formation contains a
Richmond conodont fauna 12 and is therefore of undoubted latest Ordovician age
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ovcrlying Thors Fjord Mcmbcr of thc Wulff Land ,"ormlIlion (Hursi & Surlyk. 1982). ConooOIll data
from Armslrong (1983) and ArmSlrong & Aldridgc (1982).

(fig. 28). Subscqucnlly, 15 to 30 m af barren strata occur befare undoubted lower
Silurian canadant faunas appear. This gap CQuld reprcsent the so-callcd
'Gamachian' af Anlicosti Island. The remainder af the Turcsø Formalion is af
Early to Middle LIandoverian age. Thcrc is no precise faunal cvidence to indicate
the age af thc Turcsø - Ymers Gletscher Formation boundary, but il is unlikely to
be high in thc Middle LIandoverian (for rcasons sec discussion under Odins Fjord
Formation; fig. 28).

Geological age. Lale Cincinnatian to Early - Middle LIandoverian.
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Ymers Gletscher formation
ne..... formalIOn

History. 11M: formation probably corre:sponds IO the Cape Tyson formation of Koch (1929). Ma)'T
(1976) includcd ttle slrata of ItIe Ymers Gletscher Formation in an expanded Børglum Ri\'cr Fom31ion
(fig. 4). It oorresponds in part lO lIle 'Unnamed Limeslone and Dolomite unit" in Peary Land of Da...·es
(1976). IO !Jarl of the Silurian limestone of Peel &: Christie (1975). to memher 'A' of tht 'Un-named
Siluria" limestone formalion' of Christie & Peel (19n). and IO member .A' of lhe 'Un·named Silurian
limC5lonc formal ion' of tht Odins Fjord region (Hursi. 1979).

Fig. 29. Verlical aena! pholograph. with the geology superimposed. of tl'lc southem end of Odins Fjord
(figs 1. 6). Scction numbers I. 2. J rdcr IO SCdions shown in figs 32. 9. 33 rcspcctivcly. Section I is Iht
type scction of llIe Bure Iskappc Member and scction 2 is IIle type scction of (tie Ymers Gletscher
Formation and Odins Fjmd RJrmation. Turcsø RJrmation (a). Ymer.; Gle~ber and Odins Fjord
Formations (b) and thc terrigcnous clastic sediments of thc Pc:ary Land Group (c). All geoIogical
symbols as in fi&. 6. Aerial photograph 256<:. No. I&b.. Copyright ~islt Institut. Dcnmarlt.
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Fig. 30. Sediment log of a reference section of the Ymers Gletscher Formation, Odins Fjord Formation,
and Bure lskappe Member in Peary Land east of Bure lskappe (Iocation Son fig. 1). Symbols shown in
fig. 5. Primary section measured by S. A. S. Pedersen. Co-ordinates WS 710 678 to WS 707 685 on GGU
photomosaic sheet 82 ND.

Name. Atter Ymers Gletscher which leads into the southem end of Odins Fjord (fig. 6).

Type and reference sections. The type section is on the eastern side of the northern
tip of Ymers Gletscher as it disgorges into southern Odins Fjord (figs 6, 9, 29).
Reference sections are located on the western banks of Turesø (the type section of
the Turesø Formation) and throughout the Melville Land region of Peary Land
(figs 7,8,10,11,12,13,14,15,30).

Thickness. Between 25 and 45 m. The formation appears to be thicker in more
northerly outcrops, that is nearer the shelf margin (fig. 28).

Lithology. The formation is characterised by thio to medium-bedded limestones
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Fig. 31. TIlIn scctlOn pftolOltllCfograph of ostracod ...·ac::keslone from thc Ymers Gletscher Formation In

thc t)'PC ,\<:CllOn (fip 6. 29). Sample GGU Z5-lm.

(10-50 cm) which wcalhcr to form recessive slopes (figs 19.27). Thc rocks are
genera Ily grcy and WClllhcr to a very light grcy colour (fig. 19).

Individual beds are lhinly laminalcd (mm to cm scalc) and Ihc laminac are nlll

and cvcnly dcvclopcd (fig. 27). Many of thc beds are cryptalgal I;.minilc. In rare
cases some of thc laminae appcar as smal! dornes and rcscmblc SlrOmalOlilcs.
Thcsc beds appcar in thin scclion as pelle lal muds wilh smal! indislincl irrcgutar
(cncslrac. Other lilhologics indudc wcll-bcddcd (cneslra! lime mudstonc which
may bc wcakly lamiOlllcd and laminatcd lime mudslone. In thin scclion Ihc former
cansist of clottcd mudstone with small irregular calcite fillcd feneslrae. whilsl the
laller are c10lled IO pellela!. The laminated mudSlones are generalty of a darkcr
grey and have a sulphurous smelt. Rarely oSlracod wackeslone and packslone
1enses and thin beds occur in Ihe 1aminated lime mudslone (fig. 31). Rare intmfor·
malional pcbble conglomerales occur and coquinas dominaled by virgianid
bruchiopods (skelelal grainstones) are present.

Facies ;mcrprClat;ofl. There is no evidence of any facies cyclicily, bul Ihere does
appear to be a facies gradation betwecn eryptalgal laminites, feneslral lime
mudstone and laminalcd lime mudslone. These sediments represent deposition in
pcrilidai environmcnls. The cryplalgallaminilc and fenestrailime mudslone repre­
senl inlertidal to supratidal environments, whilsl the iaminaled lime mudstone
represents low-cncrgy shallow subtidal environments. The monospceific ostracod
and virgianid brachiopod beds associated with Ihese sediments may indicaie higher
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than normal salinity conditions (Fursich & Hurst, 1980). The scarcity of intraclast
conglomerates is suggestive of a very low-energy shelf sequence (James, 1979).

Boundaries. The lower boundary is taken at the incoming of the first welllaminated
limestone beds (figs 8-15). This is accompanied by much lighter coloured sedi­
ments in contrast to the underlying darker Turesø Formation (figs 19, 20, 27). AIso
the sediments (}f the Ymers Gletscher Formation often form a recessive bench
above the Turesø Formation. The upper boundary is taken at the base of the more
massively bedded, cliff-forming limestones of the Odins Fjord Formation, which
are mottled. These latter sediments are wackestones and have a more diverse and
dense fully marine fauna (figs 9,10,11,12,13, 15). Often the base of the overlying
formation is marked by a thick virgianid brachiopod coquina.

Distribution. The most westerly exposure of the formation is in southern Odins
Fjord and around Turesø (figs 1, 6, 7). Sediments in the J.P. Koch Fjord (fig. 1)
area of Peary Land are similar to the Ymers Gletscher Formation and may
eventually be assigned to it. This decision awaits further fieldwork. The formation
stretches in a west-east belt through Peary Land reaching the eastern coast at
Vitskol Bugt (fig. 1). It has not been identified in the G.B. Schley Fjord region of
Peary Land and every indication is that it has wedged out in this area. It is not
known if the formation occurs in Valdemar Gliickstadt Land. Examination of two
complete Silurian carbonate sections along the north coast of Centrum Sø and to
the north-west of Romer Sø (fig. 1) indicates that the formation is not present in
Kronprins Christian Land.

Biostratigraphy. The formation conformably follows the underlying Turesø Forma­
tion whose upper boundary is of Early to Middle Llandoverian age. Sparse con­
odont faunas from the type and reference sections (Armstrong, 1983; Armstrong &
Aldridge, 1982) only indicate a general early Silurian (Llandoverian) age (fig. 28).
Smooth virgianid brachiopods occur throughout the type and reference sections
indicating an Early to Middle Llandoverian age. There is no faunal evidence for a
Late Llandoverian age anywhere in the formation.

Geological age. Early to Middle Llandoverian. Possibly just Middle Llandoverian.

Odins Fjord Formation
new formation

History. This formation corresponds to the Cape Tyson Formation of Peary Land (Koch, 1929). In
Kronprins Christian Land this unit was included in the embracive Centrum Limestone (Adams &
Cowie, 1953). In Peary Land this unit was included by Mayr (1976) in a greatly expanded Børglum
River Formation (fig. 4). It corresponds to part of the Silurian limestone of Peel & Christie (1975) and

3 Bulletin nr. 148
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Fig. 34. Sediment log of a reference section of the upper
part of the Odins Fjord Formation in Peary Land (location
8 on fig. l). Symbols shown in fig. 5. Primary section
measurement by J. E. Mabillard. Co-ordinates XS 10 72 on
GGU photomosaic sheet 82 SG.
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Fig. 35. Sediment log of a reference section of the Odins
Fjord Formation and Samuelsen HØj Formation (location
12 on figs l, 56). Symbols shown in fig. 5. Sequence be­
tween points a-b is expanded in fig. 36.

... Fig. 33. Sediment log of a reference section of the Bure
Iskappe Member and Odins Fjord Formation. Location 3
on fig. 1 (see also figs 6, 29). Symbols shown in fig. 5.

Depositional
environment

Fig. 32. Sediment log of a reference section of the Odins
Fjord Formation and type section of the Bure Iskappe
Member, western Odins Fjord. Location 1 on fig. 1 (see
also figs 6, 29). Symbols shown in fig. 5. Co-ordinates WS
3992 on GGU photomosaic sheet 82 NC.
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Fig. 38. Sediment log of a reference section of the Odins
Fjord Formation and Samuelsen Høj Formation (location
14 on fig. 1). Symbols shown in fig. 5. Primary section
measured by J. E. Mabillard. Co-ordinates VM 82 68 on
GGV photomosaic sheet 82 SG.

Fig. 36. Expanded sediment log of part of section 12 (fig.
35). Symbols in fig. 5.
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Fig. 39. Sediment log of a reference section through the
Samuelsen Høj Formation (Iocation 15 on fig. 1). Symbols
in fig. 5. Primary section measured by J. E. Mabillard.
Co-ordinatcs VM 82 68 on GGV pholomosaic sheel 82 G.

.. Fig. 37. Sediment log of a reference section of the MelviUe
Land Member and Odins Fjord Formation (location 16 on
fig. l). Symbols shown in fig. 5. Primary section measured
by J. E. Mabillard. Co-ordinates VM 85 62 on GGU pho­
tomosaic sheet 82 SG.
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to members 'B' to 'F' inc\usive of the 'Un-named Silurian limestone formation' of Christie & Peel (1977;
fig. 4).

Name. After Odins Fjord, the north-south trending fjord at the western end of Frederick E. Hyde
Fjord (figs l, 6, 29).

Type and reference sections. The type section is on the eastern side of the northern
tip of Ymers Gletscher as it disgorges into southern Odins Fjord (figs 6,9,29). This
is also the type section of the Ymers Gletscher Formation. Two reference sections
are located in the environs of southern Odins Fjord (figs 6, 29, 32, 33) and a variety
of reference sections are located throughout Peary Land (figs 9, 10, 11, 12, 13, 15,
30,34,35,36,37,38,39) and in the G. B. Schley Fjord region of Peary Land (figs
16,17,40,41).
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Fig. 41. Sediment log of a reconnaissance reference section of
the top of the Odins Fjord Formation in the G. B. Schley Fjord
region of Peary Land (iocation 21 on fig. l). Symbols in fig. 5.
Primary section measured by R. L. Christie and J. R. Ineson.
Co-ordinates VN 326055 on GGU photomosaic sheet 82 NE.

.. Fig. 40. Sediment log of a reconnaissance reference section of
the Odins Fjord Formation in the G. B. Schley Fjord region of
Peary Land (iocation 20 on fig. l). Symbols in fig. 5. Primary
section measured by R. L. Christie and J. R. Ineson. Co-ordi­
nates VN 363 075 on GGU photomosaic sheet 82 NE.
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Thickness. Belwccll 200 rn and 350 m. In Peary Land thcrc is syslematie variation
in the lhickncss. In the more castcrly Qutcrops (eastem Mclvillc Land) furthcsl
sOllth af the llorthcrn shclf margin. the formation is only 200 m lhick. In the more
northcrly oulcrops approaching the shclf margin the formation is al least 300 m
thick (fig. 28). Thus. in Peary Land the formation appcars to {hicken from south 10
north approaching the shclf margin. A Ihick scqucncc is present in Kronprins
Christian Land (PeeL 1982, 1984).

Lilhology. Tllc formation is characterised by medium to vcry thick-bcddcd (0.5-10
m) limestone which wcathcrs inlo a varicty af cliff-hke bcnchcs (IO m Ihick beds) ar
recessive seree slopcs (figs 42, 43). Thc rocks are dark bluc-grey and they form a
distinctivc Illonolonous-looking unit abovc the lighter Ymers Gletscher Formation
and striped Tllresø Formation.

Throllghollt Pcary Land the lower third to hal f of the formation is eharaeterised
by massive. nodular or wavy·bedded skelctal wackestones (fig. 44). Skeletal grains
consist of broken brachiopods. crinoids. eorals. stromatoporoids and especiaIly
ostracods and clliptical pellets (0.05 - 0.5 mm). Spongy oncolites and bIlle-green
codiacc:ln algllc rarcly occur. Soning of grains is paor llnd they are often contained

Fig. 42. OUlcrop p31lcrn of the Odins
Fjord Farm:nion (b) in the type scclion
(figs 6. 29). The well·lx:ddcd and 13mi­
n:lted ulli! 3t the b3SC af the cliff is thc
uppcrmost part of the Ymers Gletscher
Formation (a). alsa in the type scclion.
Central cliff hcight 3pproximalcly 300
m.
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Fig. 43. Stccp c1in QulcrOp pattern af the Odins Fjord Formation on lhc western side af thc valley
1cllding soulh from Odins Fjord. NOle thc recessive nature of lhc Bure Isk:1PPC Membcr (a). Cliff heighl
approximatcly 500 m.

in a c10ttcd lime mud matrix which may show signs af rcplacement by spar. Thc
only structurcs are very occasional impersistcnl laminac, bul mottling, possibly
partially rcprcsenling biolurbation, is common. Thinner-bcddcd units (up to 20
cm) arc wc•• kly horizontally laminatcd (fig. 45). Thcsc units consist af pure lime

Fig. 44. Thio scction pholomicrograph af skclclal wackeslone microfacies from lhe Odins Fjord
Formation at location 16 an fig. 1. Sample GGU 229070.
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Fig. 45. Thin-bcddcd and laminatcd lime
Jlludslonc in Ihe IOP af Ihc Odins Fjord
Formalion in Ihc reference section (loea­
tion 3 In fig. I). Sample GGU 198900.

Fig. 46. Thin scclion pholomicrograph af cloned and pellela! lime mudslonc in Ihc Odins Fjord
Formalion in Ih.:: reference scclion (Iocation 3 on fig. I).
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mudstonc with all gradations through c10ttcd mudstonc to compaclcd pellcta!
mudstonc (fig. 46). Rare beds up to 2 m thick cansist af poorly sortcd skclctal
dcbris ovcrwhdrningly dOlllinulcd by virgianid brachiopods. Thcsc packstonc and
grainslonc units are lalcrally pcrsistent.

In Ihe lowcr hal! af the formation in the Mc!ville Land region of Pc•• ry Land, a
distinclive fcncstral lime mudstonc and laminatcd lime mud:~;tone unit is present.
This is assigned to the Melville Land Mcmhcr.

In the middlc oflhe formation in the cnvirons af Odins Fjord and Bure (skappe a
dislinctivc thin-bcddcd nodutar cherty lime muctslonc ar wackcslone unit wilh
silicic!aSlic mud strcaks is present. Tilis is assigncd to the Bure (skappe Mcmbcr.

Throughoul Mclville Land Ihc uppcr pari of thc formalion is characlcrised by
thick-hcddcd massivc or nodular bcds up to 10 m thick (fig. 47). Bcds arc com·
monly Illoltlcd and Ihe sediment is wackestone and lime mudslone as in Ihe lowcr
pari of the formation. Colonies of laminar and hemispherical slromaloporoids
logelher wilh lablllale colonies arc often so abundant (50% of rock volllme or
marc) Ih al Ihe sedimenls are noalslones or rudstones (fig. 48). Fauna is repre­
sented by dcbris of sotilary (orllls. brllchiopods, Irilobites and cchinodcrms. Thc
brachiopods often form coquina lenscs. Chert nodulcs are ubiquilous in Ihc

Fig. 47. Typieal nodular lime$IOnes in
Ihe IOp af lhc Odins Fjord Formation af
easl I'eary Land in refcrcncc scelion 16
(ligs I. 37).



hg. -Ilt SnumaluporOld lind lahulalc
cuml rudslone from lhc Odins Fjord
FormalIon In rcfcrcncc §celIon 1 (figs I,
32).

Fig. -19. Chaolic channelIised limcslonc
conglomerale in Ihc IOP of lhc Odins
Fjord Formallon in §cClion 12 (figs I,

35).

41
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rudstone units. Individual rudstone and floalstonc units can bc traccd across
allterop (c. 500 m). b.Ul c10scly spaccd sections c.mnat bc correlated. This suggCSIS
that these units arc Icnticular on a kilometre scalc. At ane locality. Samuelsen Høj.
a small channel fil! conglomcrate (2 m deep) occurs in thc uppcrmost part af thc
formal ion (fig. 49).

The upper half of the formation in the Odins Fjord and Bure Iskappe region af
Pcary Land has fcwer rudstone and floatstonc units. Sediments are more com·
manly wackcstone and lime mudslone as in other parts af the formation. In the
most northcrly Qllterop of the formation the upper 50 m are laminatcd lime
rnudslone.

Thc topmost bed af thc formalion in the northernmOSI outcrop in Odins Fjord is
a 0.5--1 m thick bioclastic and lilhoclastic conglomerale wilh a quartz silt matrix.
Lithoclasts are of limeslone or quartz siltstone. the latter petrographically idenlical
IO Ihe deep+water terrigenous clastics of Ihe Pcary Land Group. The bcd is
disorganiscd and consisis af poorly sorted and angular pebble size clasts. S. A. S.
Pedersen (personal cOtnmunication, 1983) reporlS a similar unil at Ihe top af the
Odins Fjord Formation in areas Io the immedi'lte south ofThors Fjord. In all other
areas of Peary Land and Kronprins Christian Land Ihe topmost beds af lile Odins
Fjord Formalion consist of a distinclive light pinkish·grcy, nodular lime mudstonc
with no macrofauna. This unit varics in thickness from 1 to 5 m.

Sediments of the Odins Fjord Formalion in the G. B. Schley Fjord region and
Kronprins Christian L'lOd have nol bcen invcsligated in Ihe same delail as the rest
of Peary Land. Howevcr. Iherc is no evidencc to suggesl major differences in
sediment characleristics.

The above dcscription relates to lhe shclf carbonaics currcntly exposcd in Pcary

Fig. 50. Thin setlian pholomicro­
graph af Girvan~I/Q sp. colony from
c1asts derived from lhe shclf margin
and consIiIuting lhe Freja Fjord
Member (Hunl &. Surlyk. 1982).
Sample GGU 27ff162.
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L'lnd and Kronprins Christian Land. The rim af the Pcary Land carbonalc shelr is
not cxposcd. but bouldcrs contained in conglomcralcs at thc base-of-slope (Freja
Fjord Mcmber; fig. 3: Hurst & Surlyk. 1982) provide information on the contem·
porancous rim facies. Many cIasIs arc identical to the shclf facies, bul some c1asts
cannOI bc compared IO known shclf Iithologies. These cIasIs arc light grcy massive
limeslones up to 10 m in diameter and are composcd af grainstone and 31g31­
bryozoan boundstone. Thc boundstonc consists af bryozoan intcrgrown with thc
bluc·grccn algae Sphat'rocodiflfll sp. and very rarely Gir\'alU'!lla sp. (fig. 50).
WelheredeJla sp. is a camman constitucnl af the facies and il is often encrusted by
S/J/UlerocQdiwlI sp. (fig. 51). Red algac. in the form af Solenopora sp. is alsa
common (fig. 52). The matrix is lime mud, and anastomosing pods lined with
fibrous ca1citc are comOlan. Thc grainsloncs are debris beds composed of limc­
stolle lilhoclasts and abradcd algal bioclasts. Soning is poor and bluc·green and red
alg.1C arc well rcprescntcd.

Facies imerpre/alioll. Thc lowcr part of thc formation is indicativc of low·cncrgy
Sh'lllow subtidal environments well within thc photic zonc. Tcmporary low-cnergy
peritidal cnvironmcnts rccur in central and eastern Pcary Land in the form of the
Mclvillc Land Member. In thesc areas the noatstone and rudstone units abovc thc
Mclvillc umd Mcmbcr indicate highcr-cnergy subtidal conditions still within the
euphotic rone. The lenticularity of units over many kilometrcs suggcsts large·scalc
shoals with small intervening lower-energy basins.

Fig. 51. Thin Sl:Clion photomicrognph of cncrusting dlCCI·likc SphMffXodium sp. <a) on Wtthtrtdtll(l
sp. (b) in tIK dcbris dcrivw from Ine sllelf margin and ronlained wilhin Ihc Freja Fjord Member (Hursi
&. Surlyk, 1982). Sample GGU 270760.
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Fig. 52. Thin M'CliUil phOlomicrograph of$Olcnoporace~," :.lgllc (a) in [he dcbris derived from thc shclf
m:trgin ;rnd contained wilhin [he Freja Fjord Mcmbcr (I'lursl & Surlyk. 1982). Sample GGU 270756.

The upper half af the formation (including Bure Iskappc Mcmbcr) in tlle Odins
Fjord - Thors Fjord region is suggestive af low-cncrgy cnvironmcnls. possibly with
occasional anoxic bOllom condiliolls. Thc general lack af algac suggests that
dcposition was bclow the cupholic zone in rclativcly deep cnvironments. Tlle rare
noatstonc and rudstone units indicaie tcmporary incursion af higher-encrgy shoals
within the cuphotic zone. Thcsc have possibly progradcd northwards from the
much more abundant shoats to the south. Similarly. in the G. B. Sehley Fjord
region of Peary Land the upper hal f of the formation is indicative of low-energy
environments, possibly below the euphotie zone.

The facies represellted in the boulders at the base of the northern shelf slope
indicate that the shelf was rimmed by a series of high-energy shoals and incipient
algal-bryozoan reefs well within the euphotic zone.

Dctailed information on the environments in Kronprins Christian Land is lack­
ing, but the sedimcntary facies information that is available indicates that shallow
subtidal depositional environments prevailed.

BOll/ld(lries. The lower boundary is taken at the first incoming of massive, mOlllcd,
dark grcy skclelal wackestone (figs 9, IO, 11, 12, 13, 15,30). In man y plaees the
boundary is marked by a distinctive virgianid braehiopod shell bed. This boundary
is generally aceornpanied by an inerease in faunal diversity and density and the
ineoming of large stromatoporoids and tabu la te eorals is notkeable. The colour
contrast from the underlying light grey Ymers Gletscher Formation is also well
marked (fig. 19).
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In most places throughout Peary Land, Valdemar GHickstadt Land, and
Kronprins Christian Land, the upper boundary can be precisely placed at the top of
a very distinctive light grey unfossiliferous nodular lime mudstone or rarelya thin
conglomerate and at the base of the overlying terrigenous black mudstones and
turbidites of the Wulff Land Formation (Thors Fjord Member; Hurst & Surlyk,
1982; figs 32, 34, 41). In a few localities in Peary Land, reefs (Samuelsen Høj
Formation) overlie the Odins Fjord Formation (fig. 39). In these places the bound­
ary is taken at the top of the level-bedded dark grey nodular carbonates. The
overlying reefs are light grey in colour but neither nodular nor level-bedded.

Distribution. The formation does not occur to the west of the valley leading
southwards from Adolf Jensen Fjord (fig. 1). The formation occurs in the valley
sides of Odins Fjord (fig. 43) and its southern extension, in an anticline south of
Thors Fjord and in a west-east belt through Peary Land, reaching the eastern coast
at Vitskol Bugt (fig. 1). Isolated outcrops of the formation occur in the G. B.
Schley Fjord region of Peary Land and in northern Valdemar Gliickstadt Land. In
Kronprins Christian Land the formation strikes north-south and is repeated as a
series of slivers by thrusts (fig. 1) striking north-south.

Biostratigraphy. In the type section smooth virgianid brachiopods of the genus
VirgianelIa sp. occur approximately 50 m above the base of the formation. They are
thought to be indicative of an Early to Middle LIandoverian age (fig. 28). In the
same section 10 m above the virgianids the stricklandiid brachiopod Kulumbella sp.
occurs. This genus occurs throughout the Middle LIandoverian of the Soviet
Union, but a single species is known from the Upper Llandoverian. The few
specimens from the type section are very similar to the Middle Llandoverian forms
and this is the only direct evidence currently available to suggest aMiddie Llan­
doverian age for this part of the formation.

In a reference section (fig. 32) just to the north of the type section large smooth
pentamerid brachiopods of the genus Harpidium occur 110 m above the base of the
formation. Such forms are normally taken as indicative of amid Late Llandoverian
age (late Fronian and Telychian Stages) or younger (Berry & Boucot, 1970; Boucot
& Johnson, 1979). Species of Harpidium occur throughout the remainder of the
Formation.

In Børglum Elv (fig. 13) a collection of corals approximately 110 m above the
base of the formation suggests a Middle to Late Llandoverian age (Saied, 1979).
This is evidence to suggest the possibIe maximum extent of the Middle Llan­
doverian in one reference section.

Conodonts are particularly scarce in the middle and low upper part of the
formation and the majority of those that occur are not age diagnostic (Armstrong,
1983; Armstrong & Aldridge, 1982). However, in the type section (fig. 9) the
occurrence of the conodont 'O.' fiuegeli, 95 m above the formation base (Bure
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Iskappe Member and above) and throughout the remainder of the formation, is
indicative of a Late Llandoverian age (Armstrong, 1983; Armstrong & Aldridge,
1982).

Conodonts are particularly abundant in the uppermost part of the formation. In
the northernmost reference section in Odins Fjord (fig. 32), conodonts first indica­
tive of the celloni Zone occur 2 m below the top of the formation. In sections
further to the south the first occurrence of the celloni Zone occurs progressively
lower in the formation (fig. 28). In the reference section in southem Odins Fjord
(fig. 33) it occurs 5 m below the top of the formation; in the Børglum Elv reference
section (fig. 13) 15 m below the top; and in the reference section of south-eastern
Peary Land 25 m below the top (fig. 37). In the isolated outcrops of north-eastern
Peary Land, around G. B. Schley Fjord, the first indication of the celloni Zone
occurs approximately 1 m below the top of the formation (Armstrong, 1983;
Armstrong & Aldridge, 1982). This area is almost directly along strike, with
reference to the shelf margin along the Navarana Fjord fault, from the north­
ernmost reference section in Odins Fjord. The base of the celloni Zone is correl­
ated with the Cs unit of the Llandoverian, that is the late Late Llandoverian,
Telychian Stage. Thus, the conodont evidence indicates that the top of the Odins
Fjord Formation in Peary Land is diachronous, younging southwards away from
the shelf margin.

Corroborative graptolite evidence from the base of the overlying Wulff Land
Formation (Thors Fjord Member) also indicates diachronism (cf. Hurst & Surlyk,
1982). In Odins Fjord graptolites from no more than 5 m above the Odins Fjord
Formation include: Monograptus vomerina aff. M. crenulata, Monograptus pri­
odon and Monograptus spiralis spiralis indicating the spiralis Zone of the Upper
Llandoverian. In southern Peary Land especially around Samuelsen Høj, scattered
collections from the base of the Wulff Land Formation contain rich graptolite
faunas, e.g. Retiolites geinitzianus geinitzianus, Retiolites geinitzianus angustidens,
Stomatograptus grandis grandis, Monograptus vomerina vomerina, Monograptus
aff. M. Priodon, Monograptus spiralis spiralis, Monograptus tullbergi and Cyr­
tograptus sakmaricus indicating the uppermost Landoverian sakmaricus-laqueus
Zone (Hurst & Surlyk, 1982). Thus, graptolite evidence indicates that the base of
the Wulff Land Formation in Peary Land is diachronous and youngs southwards in
the same direction as the diachronism deduced for the top of the Odins Fjord
Formation. In northern Odins Fjord and around the G. B. Schley Fjord region, the
top of the Odins Fjord Formation is contained within the cel/oni Zone (conodonts)
or spiralis Zone (graptolites), that is Cs Late Llandoverian. Further south in Peary
Land the top of the Odins Fjord Formation is probably contained within the
sakmaricus-laqueus Zone (or at least very top of the spiralis zone), that is C6 latest
Llandoverian.

Geological age. The Odins Fjord Formation ranges in age from Middle (possibly
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Early) to Late Liandoverian age in Peary Land (fig. 28). There is no evidence to
suggest that the base of the formation is diachronous. The top of the formation is
diachronous, younging southwards through Peary Land and away from the shelf
margin, from Cs to C6 Late Liandoverian age. The corroborative data for diachro­
nism from both conodonts in the limestones and graptolites in the overlying
terrigenous mudstones suggest that there is little or no break in sedimentation at
the boundary. The age controlof the formation in Valdemar Gliickstadt Land and
Kronprins Christian Land is not as well documented. There is no available evi­
dence for the age of the base af the formation, but it must fall in the Early to
Middle Liandoverian range. Graptolite evidence indicates that the age of the top of
the formation is contained within the Late Liandoverian cel/oni Zone. There is
some evidence to suggest (based on graptolites in the overlying Profilfjeldet Mem­
ber) that from eastern Kronprins Christian Land to western Kronprins Christian
Land and Valdemar Gliickstadt Land the age of the top of the Odins Fjord
Formation is diachronous, within the Late Liandoverian, younging westwards (see
Hurst & Surlyk, 1982).

Melville Land Member
new member

History. The member corresponds to the uppermost halt of the informal member 'C' of the 'Un-named
Silurian limestone formation' of Christie & Peel (1977; fig. 4). In the Odins Fjord region Hurst (1979)
described a member 'C' of the 'Un-named Silurian limestone formation' and equated it with that of
Christie & Peel (1977). The Odins Fjord member 'C' is disbanded and not included in the Melville Land
Member as it is of different lithology.

Name. After Melville Land, the area of southern Peary Land to the east of Jørgen 8rønlund Fjord (fig.
1).

Type and reference sections. The type section is in eastern Melville Land (figs 15,
19), and reference sections are located throughout Melville Land (figs 11, 13,37).

Thickness. Between 15 and 30 m in Peary Land. The member thins progressively
from east to west (fig. 28). This thinning is also related to a north to south
component, and in the Odins Fjord and G. B. Schley Fjord region the member is
absent.

Lithology. The member is characterised by thin to medium-bedded limestone (10­
50 cm) which weathers into recessive slopes. The rocks are generally grey in colour
(fig. 19).

Some of the beds are cryptalgal laminite and only rarelyare small low domal
stromatolites recognisable (fig. 53). Many of the beds are fenestrallime mudstone
which in thin section is pelletal or clotted mudstones with small irregular fenestrae
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Fig 53. 11110 SoeCllOn pftOlomlcrograph or small-scale strumalohtes In rderen« .sectlOn 16 (figs 1, 37) or
thc: Md'-llle Land Membcr (fip I. 15) Sample GGU 229().l6

(illcd wilh blocky C<llcitc. Ol her lilhologics includc Inminatcd lime lTludstonc,
wcakly laminatcd time rnudslonc and llppaTcntly massive lime mudstonc. No
sediment cyclicil)' is evident.

Facies imerprelorioll. Thesc sediments rcpresent dcposition in pcrilidal cnviron­
men Is. Thc cryplalgallaminilc and fcncslrallimc mudstonc rcpresents intcrtidal to
supralidal cnvironmcnts. whilst the iaminaled lime mudstonc rcpresents quiel
shallow subtidal environments.

BOImdaries. Thc lowcr boundary is laken at the incoming of the first wclllaminated
limestone beds (figs Il. 13. 15, 37). This is generally accompanicd by a slight
lighlening in the colour of the sediments and a recessive weathering nature of the
member (fig. 19). Fauna is very sparse. The upper boundary is taken allhc base of
Ihc overlying skclClal waekesloncs whieh are darker in eolom, morc massive and
generally mOllled and nodular (figs Il, 13, 15,37). This is in direct contrasIlo the
Ihinly-beddcd fenestral lime mudslonc which QCems al thc top of the member
everywhere.

Distribution. The mOSl wcsterly. and at the same timc northerly, cxposure of lhe
membcr is approximalely 25 km west of Samucl.scn Høj (fig. I). The member
occurs eaSlwards of this poinl throughout Melville Land. The member docs not
occur in lhc Odins Fjord or Thors Fjord region nor in Ihe G. B. Schley Fjord region
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af Peary Land. It has not becn locatcd in Kronprins Christian Land and considering
ils regional dcvclopmcnt il is thoughl unlikely that il oceurs in Ihis region. It is nol
known if the formation occurs in Valdemar Gllickstadt Land.

Bioslrluigraphy flf/d geologiea! age. No age diagnostic faunas from the membcr
iiscif have bccn rccovcrcd. Howevcr, it occurs abovc other sediments af the Odins
Fjord Formation which are af Early to Middle L1andoverian age (fig. 28). In olle
reference scelian in Børglum Elv (fig. 13) the first uncquivocablc evidence of a
Lale LIandoverian age occurs at leasl 40 m above the mcbcr. In conclusion Ihe
mcmbcr is af Early to Middlc Llandovcrian age and regional str<ltigraphic consid­
cralions wDuld suggcsl that il is contained completcly within the Middlc L1an­
doverian.

Bure Iskappe Membcr
new anClIlocr

IIisIOry. The membcr eorresponds IO lhe infonnal lIlemocr 'd' dcs<:ribcd by Hurs! (1979). The
prdiminary nomenc1alure uscd by Ilursl (1979) was based on lhe work of Chrislie & I'ed (1977). bul
Ihe inform::al membcr 'D' of thc 'Un-namell Silurian limestone ronn.llion' of the I"ltcr aulhors is nOl
mcludell within this ncw mcmbcr (fig. 4) as the !ithologies are llirferenl (sce llistribulion).

NfmJt". Arter Bure ls\wppc soulh of Ollins Fjorll anli to thc cast of l-Ians Ta"scns [skappe (figs l, 6).

Type alld reference secriofls, The type section is in northcrn Odins Fjord (fig. 32)

Fig. 54. Nodular limestones typical of tllc Bure IskllPPC Member in type scclion l (figs 1,6). Pen scale
]J cm.

4 Bulle.;n nr. 148
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and reference seclions Qccur throughout the Odins Fjord region and in the anlicline
lo the south af Thors Fjord (figs 9, 30, 33).

ThiekIless. Betwecn 30 and 50 m. Thcre is 110 apparent syslemalic spatial variation
in the thickncss of the membcr (fig. 28).

Ulhology. Thc memhcr is characterised by thin to medium·bcdded limestone (10­
50 cm) which wealhers infO recessive slopcs (fig. 43). A distinelive feature af the
unit is the high ly nodular and wavy~bcdded nature af the sediments (fig. 54)
logether with Ihe dark grey Io black calour. The sediments are rarcly moltled, but
faunas arc commonly silicificd.

Sediment is wackestonc with a high content af eIlipIical pellets and brokcn,
poorly sorlcd fragments af crinoids, cOTals, brachiopods, ostracods and trilobites.
Siliceous sponge spicules are particularly common. Matrix consists of lime
mudstone which may be c1otted. Rarer facies includc laminated lime muclstones,
oflen wilh siliciclastic mud streaks. Chert nodules and beds are common in some
horizons. Terrigenous mud interbeds are also present. In the type section a thick
(2-3 m) coquina of disarticulated pentamcrid brachiopods (J'Jarpidium sp.) can be
traced for over I km (fig. 55). The coquina is not graded and the interstitial
sediments are skeletal wackestone and packstone.

Facies interpretation. The sediments are indicative of very low-cnergy deep~shclf

environmenls. The total lack of algae strongly suggests that deposition was below

Fig. 55. Hurpidilllll sp. pentamerid brachiopod shell hed in the Bure Iskappe Mcmher type seclion l
(figs l. 6).
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the euphotic zone. The undisturbed laminae of the lime mudstones suggest anoxic
environments. The nodular bedding is similar to nodular carbonates on present-day
Bahamian slopes (Mullins et al., 1980) which develop in low-energy deep-water
environments.

Boundaries. The lower boundary is taken at the first appearance of thin-bedded,
black nodular or wavy-bedded carbonates (figs 9,30,32,33). This change is often
associated with chert nodules, silicic1astic mudstone streaks, silicified faunas and a
more recessive weathering character. This contrasts sharply to the underlying more
massive thicker-bedded units. The top of the member is taken at the base of the
first massive thick-bedded unit. This is commonlya floatstone unit and forms a
more c1iff-like weathering feature (figs 9, 30, 32, 33).

Distribution. The most westerly occurrence of the member is in the environs of
Odins Fjord (fig. 1). The member does not occur in the Samuelsen Høj region, its
last reported occurrence some 25 km to the west. In the reference section in
Børglum Elv (fig. 13) a nodular limestone unit is developed in approximately the
same lithostratigraphic position as the Bure Iskappe Member and approximately at
the same time. This unit is probably a southerly contemporaneous facies with
similarities both to the Bure Iskappe Member and the remainder of the contiguous
sediments of the Odins Fjord Formation. However, it is sufficiently different not to
be inc!uded in the member. Similarly, in the isolated sections in the G. B. Schley
Fjord region (fig. 40) a distinctive 35 m nodular unit occurs in the upper part of the
Odins Fjord Formation. The unit is very similar to the Bure Iskappe Member, and
it occurs in a comparable stratigraphic position. However, due to the isolated
nature of the G. B. Schley Fjord region outcrops, this unit cannot yet be assigned
with certainty to the Bure Iskappe Member. The member does not occur in
Valdemar Gliickstadt Land or Kronprins Christian Land.

Biostratigraphy. In the type and reference sections conodonts are indicative of a
general Late Llandoverian age (Armstrong, 1983; Armstrong & Aldridge, 1982).
The pentamerid brachiopod Harpidium sp., which occurs in the middle of the type
section (fig. 32), generally indicates C3 or younger strata (mid Late Llandoverian or
younger; Fronian to Telychian Stages). Considering that the first indication of
Upper Llandoverian strata occurs some 20 m below themember and the first
indication of uppermost Llandoverian strata occurs over 100 m above the member,
it appears likely that the Bure Iskappe Member is of early to mid Late Llan­
doverian age (Fronian to early Telychian Stages; fig. 28).

Geological age. Late Llandoverian.

4'



52

Samuelsen Høj Formation
new formation

History. This formation is erected to cover the isolated knoll-like reefs of Peary Land, Valdemar
Gluckstadt Land, and Kronprins Christian Land. Frankl (1955) referred to a unit, near Centrum Sø in
southern Kronprins Christian Land, of reef-like fossil-rich limestones as 'Drømmebjerg Kalk' which he
separated from the Centrum Limestone of Adams & Cowie (1953). Information concerning the
'Drømmebjerg Kalk' and its relationship to the Centrum Limestone has always been somewhat
ambiguous. Scrutton (1975) referred to the 'Drømmebjerg Kalk' as the DrØmmebjerg Formation. Peel
(1980) recognised that a series of reef knolls in northern Kronprins Christian Land were identical to the
Silurian reefs or Silurian carbonate mounds described in Peary Land by Peel & Christie (1975) and
Christie & Peel (1977) respectively. Accordingly, Peel (1980) referred them all to the Drømmebjerg
Formation.

After visiting the type area of the 'Drømmebjerg Kalk' in 1980, the author finds it apparent that
Peel's (1980) suggestion is correct. However, it is proposed that the Drømmebjerg Formation name is
dropped and replaced by the Samuelsen Høj Formation. Reasons for this line of action include:

(1) there is ambiguity surrounding the precise type area of the DrØmmebjerg Formation.
(2) the relationship of the Drømmebjerg Formation, at its type locality, to the Centrum Limestone is

Lauge Koch Land Fm

Wulff Land Fm
(Thors Fjord Member)

Samuelsen Høj Fm

Odins Fjord Fm

Measured section

N

t

1 km

Fig. 56. Geological map of the area around Samuelsen Høj in Peary Land (fig. 1). Section 11 (fig. 58) is
the type section for the Samuelsen Høj Formation. Section 13 (fig. 59) is a reference section for the
Samuelsen HØj Formation, and section 12 (fig. 35) is a reference section for the Samuelsen HØj
Formation and Odins Fjord Formation.
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arnbiguous. Thc Drummcbjcrg FOrmitlion around lIorth-castcrn Centrum Sø in the arca af tlle type
IOCllli'y is folded and thrustcd. This (ogclher wilh poor CXPOSUTC means that il is difficull to delcrminc
the precisc slraligmphic rclationship af the uni!.

Th<: Samuelscn Høj Formation jnoorporatcs the carbonalc in the 'carbon3tc-shale unit" of Mayr
(1976). the 5iluriall feers af Peel & Christie (1975). and the Siluri:1O carbonatc mounds ofChristie &
Peel (1977; fig. 4).

As dcfincd here the Samuelsen HØj Formation is a series af discretc Teers which formed during a brief
interval af lime whcn the Lowcr Palacozoic carbonatc phllform af castcrn North Greenland foundercd
in the JUles( L1anrlo\'crian (Hurstl'llIl.. 1983: Hurs! & Surlyk, 1982). Assuch thcy fOTm a diSlinct emity.
This formalion apparently does nOl oceur weSI or Samuelscn Høj and Iherefore lhere is no apP<lrent
genelie conneclion belween Ihis red bdt and eonlcmporancous Olles ovcr 200 or 300 km to Ihe west
(HlIrst. 1911Ua. b; HlIrst & reel. 1979). 111e Samuelscll "Iøj Formalion also has diSlinel rllcies differences
from Ihe reers IO thc ,,"esl.

The rcgional geological and scdime11lary evidenee (see deposilion1.1 environments and shelf evolulion
below) indic;lles thaI il is unlikely Ihal lhe Samuelsen Høj FOOlllllion oceurs in Ihe subsurfaee. below the
decp-w:uer lurhidites nr the L.1uge Koch L'lIId Formation (see fig. 3). Although true in siw reefs have
nOl been reeognised allhe shelf margin along Ihe NavarJna Fjord fault (fig. 3). the evidenee from base­
of-slope dehris beds is thaI they do occur (HursI & Surlyk 19113b, 1984). Al preselll the shelf margin
recf-likc sedimenls have been described under Ihe supposcd eontempøraneous shelf sediments of the
Turcsø .md Odins Fjord Formation. If. in lhe futurc. il is llecessary to straligraphieally recognise this
unil of reds. it is recommended that a separate strllligraphic division is erecled and that Ihey arc not
included in the Samuelsen Høj Formation. 111e shelf rim recfs have not formed al lhe same lime and
under Ihe same dYllllnlie processes as lhc reers of the Samuelsen Høj Formation. Furlher. Ihe facies. and
in p1lrtieulllT Ihe algal collten!. is substantially differenl in Ihe IWO complexes.

,villi/C. Arter Samuelsen Htlj in I'cary Umd. 35 km duc nonh of Jmgen Brønlund Fjord (ligs l. 56).

Type mul reference sections. Thc type section logether with a series of reference
seclions are IOCOlted in the norlhern pari of Samuelsen Høj itself (figs 34, 56, 57,58.
59). Other reference seclions are [ocaled in the Melville Land region of Peary Land

Fig. 57. Type seelion of Ihe Samuelsen Høj Formalion (figs 56. 58). Hill height approximately 100 m.
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Fig. 59. Scdimcmlog uf reference $Celion 13 (fig. 1)
uf tht: Samuelsen I'hlj Formalion (figs 56. 57).

m

Fig. 58. Scdimcllllog af Iype scelion 11 (fig. 1) of
the Samuelsen H\)j Formation (figs 56. 57).

Fig. 00. VeTlical aerial photograph. willi the geolog)' supcrimposcd, af an area in lhe Mclvillc und
region af Pcary Land around scclion 16 (rig. 37). Odins Fjord Formation (a). Samuelsen Høj Formalion
(b), Wolff Land Formation (Thors Fjord Mcmbcr) (c) and Lauge Koch Land Formalion (d) are
lcrrigcnOllS claSlic formalions (Hurst & Surlyk, 1982). Note lhe scallered knoll-likc nature af the
Samuelsen Høj Formation and ils rclarionship IO Ihe black rnudSloncs Df lhe Wulrf Land Formalion.
Acrial pholograph 256V. No. 493. Copyrighl GeodlClisk IllSlill.ll, Denmark.
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Fig. 61 5.1muelsen Høj (fig. I). NOle Ille domal dips of Ihe beds. Looking lowards seclion 13 (fig. 56)
which is up the mound ridge. l-leight uf hlll approximalciy 200 m.

(figs 38. 39. 60). II should bc notcd that duc IO Ihc inhcrclllly complictltcd and
quick temporal and particularly spatinl facies changcs in rccf·likc bodies, thc type
scclion is nol ncccssarily rcprCsclltalivc of all similar bodics assigned to Ihis
formalion.

Thicklless. Due IO domal dips (fig. 61) il is difficult to accuratcly assess thickncss af
individual reds. and also thickncss varics considcrably. wilhin one reef. In Pcary
Land thc smallcst reefs are about 50 m thick and the largest 150 m. In Kronprins
Christian Land no Teefs ha\c bccn mcasurcd in detail, but some in the region af
Centrum So and Vandrcdalcn may bc in Ihc ordcr of at least 300 m Ihid•. Laleral

Fig. 62. Thin sec1ion pbotomicrograph of bryoroan cncrusled by unidcntifiabie algae from thc massi,'c
facics of lhe Samuelsen Høj Formalion. From sec1ion 12 (fig. 56). Sampk GGU 254919.
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Fig. 63. Thio seclion phOlomicrograph of spongioslromes in skclclal wackcstone of thc Samuelsen Høj
Formation. From scction 15 (fig. 39). Sample GGU 229026.

dimensions af individual reefs vary from bClwecn 50 m wide up to 200 m circuffi­
ferenee and 5 km wide and 10 km circumference.

LilIlOlogy. Thc formation is characlerised by thick-beddcd to massive very light
grey to while limestone.

Sediments cansist af massive lime mudslone, somelimes with a c10ttcd lexlurc.
Occasiomllly, the lime mudstonc displays raini laminat ians and large irrcgular and
anastomosing cavities (scvcral cm lang) filled with scveral generations af fibrous
caleite. Some af thc cavilies approach a stromalactis form. Incipient boundstones
are present and coosist of bryozoans (fig. 62) with encrusting blue-green algae in
the form of large spongiostroOle units (fig. 63). Some of Ihe spongiostrome units
interdigitate wilh sheets of Sphaerocodi/lnl algae. Abundanl sponge spicules are
present.

Other facies. espccialJy along the flanks, consist of thick bioclastic floatstonc and
rudstone in which the interstitiaJ sediment is li skejetai wackestone, packstone or
grainstone. Floalstone consists of more than 50% tabular and bulbous
slromatoporoids (fig. 64). Rudstones are commonly dominated by crinoids and
oflen oeeur in graded and laminated beds (allodapie carbonates) of 50 cm to 1 m in
Ihickness.

None of the units ean be Iraced over more than sevcrallens of metres, suggesting
lateral lenticularilY of facies. Rare eonglomerate beds occur in association with the
reefs. They are commonly non-gradcd, chaolic, pebble to cobble grade units up to
several metres thiek. Clasts are derived entirc1y from the reefs and are a mixture of
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Fig. 64. Tabular SlromalOporoids in thc Samuelsen Hllj Formation noalslone units. From s.::~lion 12 (fig.
56).

lilhoclasts and bioclasts. Matrix conleni is low. Furthcr dctails af facies in the
Samuelsen Høj Formation may bc found in Hurst (1980a) and Mayr (1976).

In a fcw localitics in Kronprins Christian Land thin·bcddcd black lime mudstonc
overlies the reefs. Thc)' are includcd in the Samuelsen Høj Formation.

Facies j",erpretlllioll. Deposition af the facies was in fairly high-energy cnviron­
menlS well within the cuphotic zone. The abundance af cavities lincd willi fibrous
calcitc is suggestive af carly submarine lithification. This is also indicatcd by the
penccontemporaneous erosion forming tlle conglomcratcs. Tllc height of Ihe reefs
is diffieuh IO assess. bul the fringe of debris suggests an elevated dome. The thin­
bcddcd black lime mudSlones in Kronprins Christian Land possibly rcprescnt
hcmipelagie dcposition after reef drowning.

BOlllldaries. Thc lower boundary is taken at Ihc first appearanee of thick to
massivc-bedded light grey to white limestonc above Ihe conirasling dark grey
Odins Fjord Formation (figs 35, 38, 39). Thc first bcd is normally a massive
stromaloporoid noalslone ar mudstonc unit and the dips of Ihese beds are usually
slightly discordanl to thc undcrlying levcl-bcddcd Odins Fjord Formalion.

Thc top of the formation is often the presenl-day land surfaee, bul in a few placcs
the formalion is overlain by terrigenous mudstone and turbidites of the Wulff Land
Formation, Thors Fjord Member (Hurst & Surlyk, 1982). In such cases Ihe bound­
ary is laken at the base of Ihc lerrigenous mudstone.
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It is impossible to precisely define the lateral reef limits when conglomerates
derived from the reefs interfinger with contemporaneous sediments. There is no
difficulty in qualitatively (visually) assessing the limits of reef units, especiaIly when
they are surrounded by terrigenous mudstones.

In Kronprins Christian Land Peel et al. (1981) report that reefs, which are here
referred to the Samuelsen Høj Formation, occur stratigraphically slightly lower in
the succession than in Peary Land. There is lateral interdigitation of the lower part
of the reefs with the level-bedded carbonates of the Odins Fjord Formation.

Distribution. The most westerly occurrence of the formation is at Samuelsen Høj
itself (fig. 1). Isolated reefs occur in a belt up to 50 km east of Samuelsen HØj in
northern Valdemar Gliickstadt Land and throughout western Kronprins Christian
Land (fig. 1).

Biostratigraphy. Some of the reefs in eastern Peary Land have yielded poor
conodont collections, questionably indicating an upper celloni Zone, that is a Late
Liandoverian age (C5-{j)' Celloni Zone faunas have been obtained from the reefs in
Kronprins Christian Land (Armstrong, 1983; Armstrong & Aldridge, 1982). This
suggests that the Samuelsen Høj Formation follows conformably on the Odins
Fjord Formation of similar age and that there is no hiatus between the two
formations (fig. 28).

Graptolites occurring on the flanks of the type locality at Samuelsen Høj indicate
the sakmaricus-laqueus Zone of latest Liandoverian (C6) age (Hurst & Surlyk,
1982). In Valdemar Gliickstadt Land graptolites from the Profilfjeldet Member,
flanking the reefs, indicate the sakmaricus-laqueus Zone, and in western
Kronprins Christian Land in a similar occurrence graptolites indicate the spiralis
and possibly sakmaricus-laqueus Zones (Hurst & Surlyk, 1982). In eastern
Kronprins Christian Land graptolites occurring just above some small reefs indi­
cate the griestoniensis Zone which is slightly older than the spiralis Zone.

Thus, the Samuelsen Høj Formation appears to start slightly earlier in Kronprins
Christian Land than Peary Land (celloni as opposed to upper celloni Zone). The
diachronism of the Samuelsen Høj Formation mirrors the diachronism of the
overlying deep-water terrigenous turbidites (Hurst & Surlyk, 1982). This con­
c1usion is also suggested by the fact that Peel et al. (1981) report that reefs which
are here referred to the Samuelsen Høj Formation start slightly lower in the
succession in Kronprins Christian Land as there is some interdigitation between the
basal part of the Samuelsen Høj Formation and the top of the level-bedded
limestones, here referred to the Odins Fjord Formation.

The age of the top of the reefs is not precisely known, but there is no indepen­
dent unequivocable evidence suggesting a Wenlockian age. Sparse graptolite evi­
dence (see above) suggests that the Samuelsen Høj Formation in Kronprins Chris­
tian Land tenninated in the spiralis Zone, that is C6 Late L1andoverian age,
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whilst in Peary Land it could be slightly later in the latest Llandoverian sakmaricus­
laqueus Zone. This is supported by the faet that blaek limestone (inc1uded in the
Samuelsen Høj Formation) whieh oceurs on top of some reefs in Kronprins Chris­
tian Land contains a celloni Zone conodont fauna (Armstrong, 1983; Armstrong &
Aldridge, 1982). Taking into aecount regional eonsiderations (Hurst et al., 1983;
Hurst & Surlyk, 1982) it is thought likely that the Samuelsen Høj Formation was
deposited in a very brief time interval in the Late Llandoverian (C5-{i)'

It should be noted that Mayr (1976) regarded Peary Land reefs, here referred to
the Samuelsen HØj Formation, as of Middle Silurian age, i.e. Wenlockian to early
Ludlovian. This determination was based on shelly faunas of coraIs, braehiopods,
trilobites and gastropods. The conodont and graptolite evidence presented above is
c1early contrary to the work of Mayr (1976). There is evidence to suggest that
North Greenland Silurian shelly macrofaunas oceur earlier than in other parts of
the world (Boueot & Hurst, 1979; B. Jones, personal eommunication, 1983). These
facts together with evidence from the regional development of the Samuelsen Høj
Formation (Hurst et al., 1983) preclude the age assignment suggested by Mayr
(1967).

Geological age. Late Llandoverian.

Harefjeld Formation
new formation

History. The formation corresponds to that part of the Centrum Limestone (Frankl, 1954, 1955, 1956)
contained on the nappes on the south-eastern side of Vandredalen.

Name. Atter Harefjeld, the hill on the eastern side of Vandredalen, Kronprins Christian Land (figs 1,
65).

Type section. No type seetion is designated beeause none has been measured, due
to a combination of poor exposure and structural eomplieations. The type area for
the formation is Harefjeld itself (fig. 65).

Thickness. At least between 200 and 300 m. Frankl (1955) estimated up to 500 m.

Lithology. The formation is affeeted by at least two strong c1eavages and one set of
joints making it diffieult to discern original bedding. However, in several areas the
sediments appear very thinly bedded, in the order of 10 to 20 cm thick. Sediments
are very dark grey to black.

There appears to be an alternation of thinly laminated terrigenous lime
mudstone units and purer lime mudstone with oeeasional waekestone. Lime
mudstone also appears to be laminated in plaees.
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Fig. 65. Vertie111 aerial photo­
graph. \111Ih lhc gcology su·
pcnm~d. of lhe area
;ITound Harefjeld (fig I).
lIard,eld FormatIon (a). All
goologlCal s)mbob as In fig.
6. t"CC'pl Ihal .bo: ooKhcd
hne represents a lkrusl. lhe
nolchcs mdicallOg lhc o'cr·
ndm& lkruSI sheet Bar 110m
Aenal phologruph 260K. No.
813. Copyrighl Gcoda-Itsl. In­
stitut. Dc-nmark.

Bouldcrs af pcntamcrid brachiopod coquinas in scrce indicate some coarscf­
graincd sediments, but thcsc have nOl yCI becn found in silll.

F(fcie~' illlerpretatioll, Thc sediments apparently rcprcscnl low-energy fairly deep­
walcr cnvironmcnls which may well have also becn anoxic al some time. Whcn
comparcd IO conlcmporancous shclf facies it is probablc that the Harcfjeld Forma·
tion was deposited in a general slopc environmcnt. More dClailed interpretations
are precluded.

BOfmdaries. The Harcfjeld Formalion is contained on a Ihrust sheel logether with
olher sediments (fig. 65). The lower boundary is laken at the firsl occurrencc of
black Ihin-bedded lerrigenous lime mudstone. In practice lhis boundary, which is
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easily located as the base of the Harefjeld Formation, rests on a very light grey to
white crystalline dolomite unit which is informally known as the 'Danmarks Fjord
dolomite', although the relationship of this latter unit with the early Ordovician
Danmark Fjord dolomite at the type locality west of Danmark Fjord is unknown
(Peel, 1982). The formation forms the top unit of the area in some places, but in
others it is in thrust contact and overlain by Proterozoic sandstone assigned to the
'Rivieradal sandstone' unit or the Proterozoic dolomite of the Fyns Sø Formation.

Distribution. On the eastern side of Vandredalen in Kronprins Christian Land,
from western Ingolf Fjord, through Harefjeld to Marmorvigen (fig. 1).

Biostratigraphy. Frankl (1955, pI. 1) showed two fossillocalities in carbonates now
assigned to the Harefjeld Formation at Harefjeld itself. Apparently, corals were
located at one 10cality which were identified for Frankl by Cowie as Cetophyllum
sp. and indicative of the Wenlockian. Other fossils include non-age diagnostic
gastropods. None of the fossils collected by Frankl are diagnostic of the Wenlock
and considering the regional stratigraphy it is unlikely that the Harefjeld Formation
is of Wenlockian age.

Smooth virgianid brachiopods in boulders (not in situ) indicate an Early to
Middle Llandoverian age for some part of the formation. Other than that, no
further informaton is forthcoming on the age assignment of the formation.

Geological age. Late Ordovician? to Early Silurian?

Discussion. The Harefjeld Formation is described as a separate formation on
account of its lithological differences from contemporaneous undisturbed shelf
facies, and because it was evidently thrust into its present position some distance
from the east (Hurst & McKerrow, 1981a, b, 1984).

As far as can yet be ascertained it is partly contemporaneous with the Turesø
Formation and the lower part of the Odins Fjord Formation. There is no evidence
to indicate yet that any part of the Harefjeld Formation is equivalent to the older
BØrglum River Formation.

DEPOSITIONAL ENVIRONMENTS AND SHELF
EVOLUTION

The folIowing description and interpretation mainly relates to Peary Land from
where the most comprehensive data have been derived. Information concerning
the evolution of the shelf in Kronprins Christian Land is not detailed, but neverthe­
less patterns can be recognised.

5 Bulletin nr. 148
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The margin of the lower Palaeozoic carbonate shelf of North Greenland was
controlled by east-west trending fault zones or flexures (Hurst & Surlyk, 1983b,
1984; Surlyk & Hurst, 1983, 1984; Surlyk et al., 1980). In Peary Land the Silurian
carbonate shelf margin was controlled by the Navarana Fjord fault (fig. 3). This
shelf margin was a feature inherited from the Ordovician and possibly Cambrian.

It has been recently documented by Hurst & Surlyk (1983a) that the abrupt
escarpment slope of the carbonate shelf in Peary Land is not a fault scarp, but
represents the topographic expression of the deep-seated Navarana Fjord fauit.
The shelf to deep-water basin margin was controlled by the deep-seated Navarana
Fjord fault. The carbonate shelf and deep-water basin depositional regimes were
differentiated by normal down-to-north subsidence along the fauit. As a con­
sequence shelf carbonates were unable to prograde northwards across the fault line
and thus the carbonate shelf margin accreted through time, building an abrupt
escarpment which was also accentuated by subsidence. The shelf margin escarp­
ment was initiated in the Cambro-Ordovician and by the Silurian was a well
developed feature in the order of hundreds of metres in height. The shelf slope
(that is the escarpment) was also at times an erosional bypass zone in the sense of
Schlager & Ginsburg (1981) and Read (1982).

The eastern margin of the carbonate shelf was somewhere to the east of the
present outcrops in Kronprins Christian Land, but it is not known in detail. The
Silurian carbonates contained on the Sæfaxi Elv Nappe (Hurst & McKerrow,
1981a,b, 1984) are indicative of deep-water environments, possibly in a slope
setting. These sediments may reflect a more ramp-like slope (cf. Ahr, 1973; Read,
1982; Wilson, 1974, 1975) to the eastern margin of the carbonate shelf.

During the main part of the upper Ordovician (Børglum River Formation) the
carbonate shelf of eastern North Greenland was characterised by deposition of
pelletallime mudstone, skeletal wackestone and occasional packstone, fairly typi­
cal of lower Palaeozoic low-energy subtidal sediments (cf. Hurst, 1981; Jones et al.,
1979; Sodero & Hobson, 1979).

In latest Ordovician time a major environmental change took place and the
established patterns persisted into the early-middle Llandoverian. The carbonate
shelf (represented by the Turesø Formation and Ymers Gletscher Formation)
shoaled, and low-energy (cf. James, 1979) possibly slightly hypersaline peritidal
environments (Fiirsich & Hurst, 1979) prevailed (fig. 66). The persistence and
thickness of units suggest a monotonous and flat shelf (fig. 67).

In the latest Ordovician, according to Brenchley & Newall (1980, 1982) and
McKerrow (1979), there was a world-wide eustatic regression in which sea levels
may have dropped by 100 m or more. This may have been a factor in the overall
shaIlowing observed at this time in Peary Land. However, the rock record in Peary
Land does not indicate an abrupt shallowing (cf. Armstrong & Lane, 1981), nor is
there anyevidence of paleokarst on the shelf. Such evidence could suggest that this
late Ordovician regression (and subsequent transgression) was not a world-wide
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Fig. 66. Evolution of the major facies and environments in Peary Land during the development of the
upper Ordovician and Silurian carbonate shelf. A, the Turesø Formation and Ymers Gletscher Forma­
tion; B, the lower part of the Odins Fjord Formation up to and including the Melville Land Member; C,
the Bure Iskappe Member; D, the uppermost Odins Fjord Formation; E, shelf collapse and the
Samuelsen Høj Formation.

phenomenon. Alternatively, shelf subsidence superimposed on a glacio-eustatic
regression would tend to nullify the effects of the latter.

The shelf rim during the uppermost Ordovician and lower to middle Llan­
doverian had isolated high-energy carbonate sand shoals and possibly small reefs
dotted along it (Hurst & Surlyk, 1983b; fig. 68). The eroded remains of a former
shelf rim subaerial exposure surfaee (cf. Dunham & Olson, 1980) indicate that the
shelf rim was elevated above the shelf and periodically was emergent. Emergence
may be directly related to the relative sea level drop which promoted the develop­
ment of the Turesø and Ymers Gletscher Formations.

S'
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Fig. 67. Block diagram showing reconstruction of the first stage in the evolution of the Silurian
carbonate shelf, corresponding to the Turesø and Ymers Gletscher Formations. NFF = Navarana Fjord
fault.

In middle LIandoverian time, folIowing the Ymers Gletscher Formation, a major
phase of shallow subtidal carbonate deposition (Odins Fjord Formation) was
initiated (fig. 66). The process responsibie for the relative rise in sea level which
flooded the previous peritidal shelf is not known. It may have been entirely glacio­
eustatic or have been related to shelf subsidence. A period of sea level still-stand
probably resulted shortly after the initial pulse, thus allowing progradation from
the southern craton of peritidal environments (Melville Land Member of the Odins
Fjord Formation) out over the subtidal sediments (fig. 66). These peritidal deposits
are replaced northwards by subtidal carbonates (fig. 69). This facies change may
simply reflect the point to which progradation reached. Alternatively, it could
indicate that the shelf was tilted down-to-north, thus keeping the northern part of
the shelf subtidal, whilst promoting relative uplift of the southerly shelf areas
nearer the craton and the development of a northerly prograding wedge of peritidal
carbonates (fig. 69).

A further relative rise of sea level took place in the middle to early late
LIandoverian time (middle Odins Fjord Formation). Subtidal carbonate sediments
were still deposited in the northern shelf areas, whilst the peritidal environments of
the southern shelf were replaced by similar shallow subtidal environments (fig. 66).

In the later LIandoverian, continuing relative sea level rise is evidenced by the
very low-energy and partially drowned areas of the northern shelf areas imme­
diately adjacent to and south of the shelf margin (Bure Iskappe Member and
above; Odins Fjord Formation). Contemporaneous shelf sediments south of an
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Fig. 69. Block diagram showing reconstruction of a second stage in the evolution of the Silurian
carbonate shelf, corresponding to the Melville Land Member of the Odins Fjord Formation.

east-west line running through Samuelsen Høj consist of shallow marine relatively
higher-energy large-scale carbonate sand shoals and biostromes (figs 66, 70). In the
lee of the shoals lower-energy environments persisted. Occasionally thin tongues of
the shoals and biostromes prograded northwards into the deeper partially drowned
northern shelf areas, possibly as aresult of a temporary stop in relative sea level
Ilse.

It is interesting to note that these large-scale shoals essentiaIly did not prograde
northwards of an east-west line running through Samuelsen Høj (figs 66, 70).
Similarly, the earlier peritidal environments of the Melville Land Member wedged
out at the same point. This suggests that there was some pre-existing shelf topogra­
phy with an increase in northward dip at this line which essentiaIly prohibited
northwards progradation of shallow marine facies.

It is not known if the relative sea level rise was glacio-eustatically induced or
related to shelf sinking. Considering that the sea level rise took place during the
late Llandoverian (c. 5-10 m.y.), it does not appear to have been episodic and that
the latest Llandoverian abrupt shelf subsidence was tectonically induced suggests
that the relative sea level rise was aresult of shelf subsidence. This subsidence
could have been a more moderate precursor to the latest Llandoverian shelf
foundering (Hurst et al., 1983).

The Upper Llandoverian shelf margin was rimmed by a series of relatively high­
energy carbonate sand shoals and small algal-bryozoan reefs (figs 68, 70). This
series of shoals and reefs was apparently more extensive and of greater proportions
than the earlier phases. The evolution of the shelf rim facies in the late Llan-
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Fig. 70. Block diagram showing reconstruction of a third stage in the evolution of the Silurian carbonate
shelf, corresponding to the upper part of the Odins Fjord Formation.

doverian is consistent with a relative sea level rise as reefs often develop during
such phases (Hurst, 1980a; Kendall & Schlager, 1981; Schlager, 1981).

The base-of-slope (base of shelf escarpment) conglomerates also provide infor­
mation concerning the evolution of the shelf margin slope. These conglomerates
compare well with debris sheets described from the Exuma Sound of the Bahamas
by Crevello & Schlager (1980) and similar Silurian examples from western North
Greenland (Hurst & Surlyk, 1983a). The latest Ordovician to LIandoverian age of
clasts in a single sheet of the older Citronens Fjord Member (Hurst & Surlyk, 1982)
suggests, after taking into account comparable shelf sediment thicknesses of the
same age range, that the carbonate shelf margin was elevated hundreds of metres
above the base-of-slope and that the slope itself was precipitous (Hurst & Surlyk,
1984; fig. 68). The base-of-slope Citronens Fjord Member conglomerates were
subsequently draped by turbidites (Hurst & Surlyk, 1982; Surlyk & Hurst, 1983,
1984). The later Freja Fjord Member conglomerate contains clasts representative
of a similar late LIandoverian age. This suggests that during the Silurian subsidence
along the Navarana Fjord fault had ceased and that the escarpment to the shelf
margin was progressively reduced in height due to basin infill (fig. 68).

In the latest LIandoverian of eastern North Greenland the abrupt change from
shallow shelf carbonat~s to black mudstones and fine siltstone anq sandstone
turbidites of lower slope and basin plain environments (Hurst et al., 1983; Hurst &
Surlyk, 1982, 1984; Surlyk & Hurst, 1983, 1984; Surlyk et al., 1980) is indicative of
a major event. Hurst et al. (1983) relate this sudden foundering of the carbonate
shelf to downwarping due to nappe emplacement on the eastern fringe of the
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Fig. 71. Block diagram showing reconstruction of the final stage in the evolution of the Silurian
carbonate shelf, corresponding to the development of the Samuelsen HØj Formation. From Sur1yk &
Hurst (1983, 1984).

carbonate shelf. With the initial foundering small isolated pinnacle reds (Sam­
uelsen Høj Formation) developed on those parts of the carbonate shelf that had not
been previously drowned and were later covered by the terrigenous clastic influx
(fig. 71). These pinnacle reefs apparently started and stopped growth first in the
east (Kronprins Christian Land) reflecting the earlier down-f1exing of the carbo­
nate shelf nearer the Caledonian nappes.

COMPARISON WITH WESTERN NORTH GREENLAND

Upper Ordovician and lower Silurian carbonate sediments occur across the
whole of North Greenland from Kronprins Christian Land in the east to Wash­
ington Land in the west. The succession in Peary Land, Valdemar Gliickstadt
Land, and Kronprins Christian Land is substantially different from that of western
North Greenland. The sediments of the Turesø, Ymers Gletscher and Odins Fjord
Formations are at maximum 500 m thick. It the reefs of the Samuelsen Høj
Formation are included, the total thickness only approaches 800 m. The contempo­
raneous sediments of Washington Land approach 2000 m in thickness. The Wash­
ington Land sediments were deposited on a homoclinal ramp to rimmed shelf
margin and slope (Hurst & Surlyk, 1983a,b) where facies changes occurred rapidly
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and sediments commonly prograded. Thus, a direct comparison between Peary
Land and Washington Land of sediment thicknesses may not be strictly valid as real
rock thicknesses (Peary Land) are being compared with stratigraphic thicknesses
(Washington Land). Nevertheless, it is important to note that there is an apparent
discrepancy of 1200 m of sediment accumulation between easternmost and west­
ernmost North Greenland and this cannot be totally accounted for by differences in
real and stratigraphic thickness.

These thickness differences are undoubtedly related to tectonic setting. For
instance Hurst & Surlyk (1984) have demonstrated that the carbonate sediments of
Washington Land and large areas of westernmost North Greenland reflect deposi­
tion on a carbonate ramp which was controlled by deep-seated lineaments. A great
deal of subsidence must have occurred to account for the vast thickness of sedi­
ments which were mostly deposited as shallow subtidal, reefal or biostromal units,
well within the photic zone. In contrast, the contemporaneous sediments in Peary
Land, Valdemar Gliickstadt Land, and Kronprins Christian Land were for the most
part deposited on a featureless and relatively stable carbonate shelf which, along its
northern margin in Peary Land, was extremely well differentiated from the deep­
water basin along a fauIt line termed the Navarana Fjord fault (Hurst & Surlyk,
1984; Surlyk et al., 1980; Surlyk & Hurst, 1983, 1984). The lower part of the
sequence was deposited under peritidal conditions which are unknown in contem­
poraneous western sections.

A particularly distinctive feature of sections in the Peary Land - Kronprins
Christian Land region is the dark nature of the upper part of the sequence. This
may be related to the fact that some of the sequence represents a drowned shelf
with anoxic environments. In contrast contemporaneous western sections in west­
ern areas are much lighter in colour.

Along the well marked shelf edge in Peary Land (Navarana Fjord fault) there is
evidence of a shelf rim facies with algae, in particular red algae. No similar facies
arrangement is known from more westerly areas of North Greenland.

There is no unequivocal evidence for the existence of post latest LIandoverian
carbonate sediments in eastern North Greenland. The carbonate shelf in this
region apparently foundered abruptly in part due to loading by Caledonian nappes
(Hurst et al., 1983). In contrast, in western North Greenland there is evidence to
suggest that in some areas carbonate deposition continued into the Wenlockian and
possibly even the Ludlovian and Pridolian (Iatest Silurian). In neither area is there
evidence of Devonian carbonates (Hurst, 1980b).

Biostratigraphically, there are few differences between the eastern and western
part of North Greenland. As far as can be ascertained at present most macrofaunas
as well as conodonts, particularly of the celloni Zone, appear to be ubiquitous
(Armstrong, 1983). Of particular interest is the virgianid (pentamerid) brachiopods
in the lower and middle LIandoverian. They are particularly diverse in the Peary
Land region (Boucot & Hurst, 1979; Hurst & Sheehan, 1982). This probably
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reflects preferences for shallow subtidal to peritidal environments (Fiirsich &
Hurst, 1980).
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