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Operation Grant Land was the first cooperative field venture between the Geological
Survey of Canada (GSC) and the Geological Survey of Greenland (GGU) aimed at reIating
the structural and stratigraphic features across Nares Strait - the narrow seaway separating
north-western Greenland from the Canadian Arctic Islands. Studies under Operation Grant
Land were among the last activities in the reconnaissance phase of geological field work in
this part of western North Greenland. Modern systematic mapping and regional investiga
tions were initiated by GGU during 1984.

Historicai background

The geology of continental margins received renewed interest in the early 19608 when the
concept of continental drift was rejuvenated by the advent of the theory of sea-floor
spreading. Thus Nares Strait, portrayed as a great displacement line in the theories of Frank
Taylor and Alfred Wegener, came into focus again as the possibie site of a fundamental rift
along which Greenland had separated from the Canadian Arctic ArchipeIago. Speculations
arose that a branch of the Mid-Atlantic Ridge lay under Nares Strait and connected the
oceanic areas of Baffin Bay and the Arctic Ocean (fig. 1).

Ideas on Nares Strait geotectonics culminated with the work of Tuzo Wilson who sug
gested that a major transcurrent-transform fault, the Wegener Fault, occupied the Strait
(Wilson, 1963a, 1963b, 1965). He directed attention to the steep cliffs of Robeson Channel
in northern Nares Strait and suggested that the cliffs were evidence of fauIting and that a
prominent onshore fauIt lineament on Judge Daly Prornontory is a segment of the Wegener
Fault (fig. 2). At the time of Wilson's revolutionary ideas, only occasi0I!al field parties had
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Fig. I. Location map af thc l10nhcrn Nares Strait region. The area studied under Operation Grant Land
is IllalIlly north of the 81"N parallel stretching from Henson Bay and Hare Fiord in tlle west to aboul
longitude SifW in Greenland. Base camp iocalitics at Alen and Gilman River are shawn.

visitcd parts or the Canadi<lll side af the Kennedy and Robeson Channcls and thc Greenland
side had rcmained essentiaIly unvisitcd since the work af Lauge Koch in the 1920s.

As a responsc to the great interest generated in Canada in the Wegener Fallit, the
Canadian government's Depaftment af Mines and Technical Surveys (now Dcpartment af

Energy, Mines and Resources) began the planning of an extensive earth science research
programme in the Nares Strait region which included geodetic, hydrological, geophysical
(scismic, magnetic, gravitational) and geological investigations. 11 was reasoned that if Nares
Strait was indeed the expressioll of a transform fauIt joining the aClivc spreading centres af
the North Atlantic and Arctic Oceans, il should be possiblc to measure and monitor the
present-clay movemcnt of the land masses by accurate measurement. Hellee. an important
part of the planned work was the establishment of geodetic stations on opposite sides af the
Strait. In this respect, the Robeson Channe! became a key region as the northernmost and
narrowest pan uf thc scaway. less than 25 km wide. The other planned field activities were
also intended to span Nares Strait and invitations were extended to several Danish scientific



Fig. 2. Thc Robeson Channel
dividing Ellesmere Island
(EL) and Greenland (back
ground). The straight, steep
cliffed coasts suggest fault

control. Tilis is the Wegener
Fault af Wilson (1963a,
J963b). HL ~ Hall Land, NL
= Nychoe Land. Photograph
hy courtesy af the National
Air Photo Library, Canada.

NL

7

organisations, including GGU, to participate in thc programme. A nurnber af the fie Id

activitics thus carne to be organised as joint Canadian- Danish ventures, and one af these, the

sludy af ollshore geology, was designated Operation Grant Land.

Aims, field work and resuIts

Operation Grant Land was organised and lcd by R. L. Christie af the Geological Survey
af Canada as an air-supported, tw{)*summer 'reconnaissance stratigraphic investigalion' af
norlhern Ellesmere Island and adjacent northern Grccnland (fig. 1). 1t formed part of a

cooperative programme between GSC and GGU to relate structural and stratigraphic
features across Nares Strait (Christie, 1966, (967). The objective af thc 1965 season was to
obtain geological data in key areas and this was to be followed by furlher sludy and
forrnational rnapping in 1966. It was expectcd that the bedrock investigations an either side
af the Robeson Channel would allow evaluation of any mavernent that may have occurrcd
bctwccn Ellesmere Island and Greenland along the Wegener Fault.

The field work was concentrated in Ellesmere Island where four GSe teams assigned Io
the different geologicai provinces operated each ycar; one GGU team worked in Greenland
each season. Working in Ihe Hall Land area of Greenland in 1965, J. H. Allaart and P. R.

Dawes studied both thc highJy deformed fold beJr terrain bardering the Robeson Channe l
and thc homoelinal platform carbonatcs to the south (Allaart, 1965, 1966). Dawes and

Christie 31so examined thc folded Lower Palaeozoic sC4uence at Carl Ritter Bay an the eoast
of Ellcsmcre Island and in the vieinity of Alert. Accompanied by Steen Skytte in 1966,
Dawcs continuccl the reconllaissance into Nyeboe Land and Hendrik ø, making a cursory
cxamination of northern Wulff Land and the islands in Sherard Osbome fjord (Dawes,
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1966,1967). Air reconnaissance of and correlation with the region to the east were made by
Dawes and Christie during an extended Beaver flight carried out with one landing in
southern Peary Land.

In addition, B. S. Norford (GSe) spent several days in coastal Hall Land (Kap lYson) and
Washington Land (Kap Schuchert) working on the type sections of the established Silurian
formations of Koch (1929a) (Norford, 1967, 1972). Jackson & Etherington (1969) and
McLean (1977) have described the graptolites and rugose corais, respectively, from these
two localities.

Most of the GGU field work in 1965--66 was concentrated on the highly tectonised
Cambrian to Silurian strata of the north coast region and onIy five fly camps out of a total of
16 were situated on the tectonically simple Ordovician-Silurian sequences of the southern
platform. The results of the field work have not been published in full. Some stratigraphic
and structual information and small-scale maps have been included in several regional
geology accounts (e.g. Dawes, 1971, 1976), and results from the northern part of the study
region, bordering the Robeson Channel and Lincoln Sea, were presented in the description
of the Nyeboe Land fault zone as a contribution to the Nares Strait geotectonic debate
(Dawes, 1982). On conclusion of the field work, the stratigraphic data from the study region
were used by Kerr (1967), Geological Survey of Canada, in the assessment of the relation
ship between Ellesmere Island and Greenland in his definition of the Nares Strait submarine
rift. Notes on the stratigraphic sections from which fossils were collected are presented in the
following paper of this report.

The Greenland fossil collection as an entity was examined by V. Poulsen, and later by J.
S. Peel. Specific fossil groups were studied as follows: graptolites, W. B. N. Berry;
brachiopods, A. J. Boucot; pentamerid brachiopods, J. M. Hurst and P. M. Sheehan;
conodonts, R. J. Aldridge and H. A. Armstrong; vertebrates, S. E. Bendix-Almgreen and
S. Turner; rugose corais, B. E. Neuman; and Silurian trilobites, P. D. Lane. Lane's account
of the Silurian trilobites forms part of this report. Certain faunas have been dealt with by
Poulsen (1969), Berry et al. (1974), Bendix-Almgreen & Peel (1974), Bendix-Almgreen
(1976) and Peel (1974, 1975, 1979), while a summation of the fossil identifications was
presented by Dawes (1976).

The field work in Greenland was carried out in a reconnaissance mapping style and was
not specifically directed to a map compilation at a given scale. The only available base maps,
the U.S. Army Map Service series C501 at a 1:250000 scale based on trimetrogon aerial
photographs, were inadequate. Furthermore, in 1965--66 substantial gaps existed in the
vertical aerial photographic coverage of the region, including the central part of Nyeboe
Land and much of Hall Land. When complete photographic coverage became available in
the early 1970s (scale c. 1:54000, Greenarctic Consortium, Canada), a photogrammetric
programme was initiated between GGU and the Institute of Surveying and Photogramme
try, Technical University of Denmark, aimed at the production of a topographical-geological
map of Hall Land using advanced, computer-supported techniques (Dawes, 1977, 1979;
Dueholm, 1979). The result of this programme, a coloured geological map in two sheets at a
scale of 1:66500, is due to be published by GGU in 1985.

The biostratigraphic and faunal descriptions presented in the papers that follow this
account are intended as final reports of the Greenland part of Operation Grant Land.
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Location, physiography and logistics

The Hall Land - Wulff Land region lies between latitudes 81° and 82°30'N on the north
coast of Greenland (fig. 1). The region is ice-bound throughout the year, and in the summer
only ice-strengthened vessels ean penetrate as far north as Hall Basin with any degree of
safety. During the summer, areas of open water may occur in the Hall Basin and Robeson
Channel, and also along the coast of Nyeboe Land, but not with sufficient regularity to allow
field work by boat.

The physiography of the region has been described by Davies et al. (1959), Ahnert (1962)
and Davies (1972). The three main physiographic provinces of the region reflect the
contrasting geological terrains and their east-west trends. A southern highland plateau with
ice-caps, about 1000 m elevation, is composed of homoclinal carbonate strata and dissected
by steep-sided valleys and canyons. A few summits rise over 1000 m in a northem mountain
chain that consists of an undulating upland of folded and faulted, mainly clastic rocks. A
centrallowland, etched out of weakly deformed Silurian shaly clastics, is characterised by a
thick cover of Quaternary deposits. The region is dissected by a number of north-south
trending fjords and valleys that provide well-exposed sections across the approximately east
west regional strike.

Field work each summer took place between late June and early August and was
organised from base camps in Ellesmere Island. In 1965, the base camp was at Alert, 65 km
from the Greenland coast, and the work was supported by a Piper Super Cub and for part of
the season by a Hiller 12-E helicopter. At the end of the summer, a Beechcraft 18 aircraft
was used to take a series of coloured photographs of fjord and valley walls in Hall and
Nyeboe Lands. In 1966, the base camp was moved to Gilman River at the northern end of
Lake Hazen (fig. 1) and air support was by De Havilland Beaver, Piper Super Cub and Bell
G-4 helicopter.

The Beaver and Cub aircraft from Bradley Air Services were equipped with very low
pressure, oversize balloon tyres, enabling landings on rough, unprepared ground; fly camps
in Greenland were mainly established by these aircraft (fig. 3). Each field season amounted
to about 30 working days; traverses were on foot with occasional air reconnaissance during
camp moves.

Early expeditions and geological work

Nares Strait was an important route for expeditions struggling for the North Pole during
the 18008 and early 19OOs, but the early visitors were more concemed with geographical
discovery than with the then young science of geology. The North Polar Expedition, 1871
73, led by C. F. Hall in the USS Po/aris was the first expedition to negotiate the Robeson
Channel. The Polaris reached as far north as Repulse Havn in north-westem Nyeboe Land
at 82°N before finding a wintering site in Polaris Bugt off the western coast of Hall Land.
The expedition discovered that the region is composed of two geological terrains: a northern
folded unit of dark coloured slates, sandstones, slaty limestones and 'argillaceous schists',
and a southem homoclinal to flat-Iying unit of light coloured fossiliferous limestones (Davis,
1876; Bessels, 1879). Fossils, including corais, cephalopods and brachiopods, were collected
mainly from Offley ø, and Bessels (1879) correctly identified the age of the strata of that
area as Silurian.
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Fig. 3. Piper Super Cub aircraft. cquippcd with oversize tyres, used for establishing fly camps in
Greenland during Operation Grant Land.

Sledge parties from Ihc Royal Navy Aretic Expeditian, 1875-76, under G. S. Nares in
I-IMS Alert and HMS Discovery, rcachcd the Greenland eoast from winter quarters jn
Ellesmere Island. Thc folded rocks af the auter coast were described and traced eastwards as
far as western Wulff Land. Thcsc rocks werc corrcctly corrclatcd with the clastic strata on
the Ellesmere side of the Robeson Channcl and dcsignatcd thc Cape Rawson Beds,
although thc age was inferred to be 'Huronian' (Feilden & De Rance, 1878). lmportant
resuIts were tbe first geological map of thc region (fig. 4) and the first systematic description
af Orctovician-Silurian fossils from Greenland (Etheridge, UPS).

The U.S. Lady Franklin Bay Expedition, 1881-84, led by A. W. Grccly, wintcred an the
Ellesmere side of Hall Basin. Sledge parties rcached Hall Land and the coast to the east.
Apparently, few geological observations were recordeu from the study region and nothing
new was added to the geological mal' (Dawson, 1887, fig. 4). A notable discovery by D. L.
Brainard was the occurrenee of fossiliferous rocks in north-wcstern Nycboe Land (Gredy,
1886, val. I, p. 346; glacial erratics? Koch, 1920, p. 33); this may be the earliest record ol in
situ fossiliferous strata in the North Greenlancl fold belt. Most of the colleclions were
abandoned dllrillg the tragic relreat uf the cxpeuition in lR84.

The Seeond Norwegian Polar Expedition in the Fram, 189R-1902, under the leadership of
Otto Sverdrup, was primarily aimed at the discovery of the North-West Passage, and the
cxpedition only penetrated southern Nares Strait and Kane Basin. Bowever, the discoveries
by the expedilion's geolagist, Per Schci, had a profound effect on the geological assessment
af regions farther north. Thus, Schei's (1903, 1904) reports af deformed Mesozaic rocks in
western Ellesmere lsiand influenced both Low (1906) and Willis (1912) who duly assigned
the folded Cape Rawson Beds af the Robeson Channel area to the Triassic (see fig. 4).

Sledgc contingents af R. E. Peary's expeditions of 189&-1902, 1905-1906 and l9O&-1909
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travelIed along the outer coast of the Hall Land - Wulff Land region, but apparently few
scientific data were recorded.

The region was not visited again until 1917, when the 2nd Thule Expedition, 1916-18,
under Knud Rasmussen, travelIed across North Greenland, with Lauge Koch as geologist
and cartographer. Koch visited the region again in 1921 and 1922 as leader of the Bicenten
ary Jubilee Expedition, 1920-23. In the course of these expeditions by dog-sledge, he visited
the entire outer coast of northern Greenland, including - in the present study region - the
western and northern parts of Hall Land, Hendrik ø and the northern and eastern coasts of
Nyeboe Land. His study of the strata, so well exposed in the steep fjord and valley walls,
resulted in the tirst systematic geological synthesis of northern Greenland and in five
coloured geological maps covering the whole coastal area north of 76°N (Koch, 1929b, 1933;
Dawes & Haller, 1979). Koch also published the tirst stratigraphic and structural details of
the Caledonian 'folded mountain chain' of the north coast, and the southern 'great sediment
plain' ofunfolded Lower Palaeozoic strata to the south (Koch, 1918, 1920, 1923, 1924,1925,
1929a).

Large numbers of fossils were collected by Koch, mainly from the unfolded strata, and he
erected a Cambro-Silurian stratigraphic scheme including some 15 formations. Three of
these, the Offley Island, Cape Tyson and Polaris Harbour Formations, were described with
type localities in the present study region (Koch, 1929a). Lithostratigraphic frameworks
employed by Koch and applicable for the study region are compiled in fig. 5. Poulsen (1927,
1934, 1941, 1943, 1974), Teichert (1934, 1937) and Troedsson (1926, 1928) described the
Lower Palaeozoic fossil collections.

Thirty-tive years elapsed before the study region was again visited with the aim of
geological study. In 1958-60, during the U.S. Air Force Operation Groundhog, W. E.
Davies and D. B. Krinsley of the U.S. Geological Survey carried out helicopter-supported
field work throughout northern Greenland, aimed primarily at Quaternary geology, par
ticularly the study of the superficial deposits in connection with the investigation of ice-free
aircraft landing sites (Davies, 1961; Davies & Krinsley, 1961, 1962; Needleman et al., 1961).
As regards the present study area, this work resulted in a geological map of Hall Land (scale
1:175000) and a wealth of Quaternary, glaciological and physiographical observations
(Davies, 1963, 1972; Davies et al., 1959). In 1959, during Project Lead Dog, the U .S. Army
Transportation Corps reached southern Nyeboe Land by way of the Inland Ice; mainly
glaciological data and data relating to physical geology were obtained (Ahnert, 1962, 1963).

To summarise, prior to 1965 the only expeditions to the study region that were specifically
directed towards bedrock geological studies were those in which Lauge Koch participated.
His reconnaissance between 1916 and 1923 provided the geological maps and stratigraphical
framework of western North Greenland until the mid-1960s when Operation Grant Land
took place. From 1926, Koch became involved in his lifetime's work in East Greenland, but
he kept a keen interest in the geological research of North Greenland. Thus, folIowing sea
plane flights in 1933 and 1938 over parts of eastern North Greenland, he managed in 1952
and 1953 from his base in central East Greenland to place parties in the field in Peary Land
and Kronprins Christian Land. Later, when vertical aerial photographic coverage of North
Greenland became available from the Geodetic Institute, he arranged for a structural
analysis of the North Greenland fold belt. The resultant structural map, compiled by John
Haller in 1961 at scale 1:250 000, was a tirst attempt to differentiate between Palaeozoic
(pre-Pennsylvanian) and Cenozoic structures of the fold belt (Haller & Kulp, 1962; Haller,



KOCH 1923

".

CaledoOlsn Foldil'lQ
(mosIly Gotlllndian)

Gotlandian

Ordovidan

f7.. :~ ....
E:=::~ Caledonian Folding

ID Devonian

0IilJ] Coral and Gtaptolite limestone

~ Pentllmerus limestone

b'::d Trenton (Ordovidan)

.. Later Tertiary

~ Triassic

~ Devonian

KOCH 1931
li" Dawes and HlIlied

1979

KOCH 1920

LQW 1906

_ Post - Devonian mllUsive

t'::::j Caledonian Folding

r.:~~:::,::I Devonian

[][[J Upper Silunan

~ Middle Silurian

b'::d Ordovician

c=J Cambrian and Ordovician

~ »Cape Rawson Beds«
!..:..::..:J mostly Trianic

~ ~~~~r~~'14Iullan

~ OHley Ishmd Formation

1"':'::';1 Upper Ordovician

E:J C.m"';" "d Low", O.do';';"

=

~ Miocene

~ Silur;an and Cambl'o - Silurian

V;~;- d Cambnan

=

f;----a Caledonian Folding

1<,::::·1 Polaris Harbour Formation

I!IIEEIII Cape lyson Formalion

. - ------~

FEllDEN and DE RANCE 1878

rr::·:··::··::rw-
....-.:::..

,

Caledonian Folding

SilOrian

Ordovician

Cambrian

~ Miocene, Plant and Coal Beds

~ Silur;an limes10nes and Conglornerale

E.::·-::·j Cape Rawson Beds (Huronian ?)

[IjJ]J Devonian

Ei Upper Silurian or Devonian

~ SIlurian

D Algonkian or lower Cambl'ian



2ND THULE EXPEDITION 1916-1918 BICENTENARY JUBILEE EXPEDITION 1920 -1923

KOCH 1918 KOCH 1920, 1923 KOCH 1925 KOCH 1929a

UNFOSSILJFEROUS
POLARIS UPPER

SANDSTONE DEVONIAN SANDSTONE HARBOUR SILURIAN
SANDSTONE

FORMATION (LUDLOW)

GRAPTOLJTE
MONOGRAPTUSMONOGRAPTUS

SHALES
SHALES SHALES UPPER

MIDDLE
(LJMESTONE) UPPER CAPE SILURIAN

SILURIAN
and TYSON

en MIDDLE FORMATION
(TARANNON-

CORAL - CORAL LIMESTONE, SHALE, SILURIAN WENLOCK)
LIMESTONE ,.... LIMESTONE CONGLOMERATE,

C SANDSTONE

RASTRITES ::xl INCL. PENTAMERUS OFFLEY ISLAND

SHALES - LIMESTONE FORMATION LOWER» PENTAMERUS MIDDLE

LJMESTONE SILURIAN
ARETHUSINA •

SILURIAN
PENTAMERUS Z LOWEA CAPE SCHUCHERT (LLANDOVERY)

LIMESTONE FORMATION SILURIAN FORMATION

ORTHOCERATlTE CAPE CALHOUN UPPER
LJMESTONE ORTHOCERATITE FORMATION ORDOVIC'AN

LIMESTONE
ORDOVICIAN ORDOVICIAN

CORAL CAMBRIAN and
LJMESTONE LOWER ORDOVICIAN

CAMBRIAN ar RED
CAMBRIAN? CAMBRIAN

THULE
ALGONKIAN

ALGONKIAN SANDSTONE FORMATION
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Fig. 5. (Below). Summary oflithostratigraphic schemes pertaining to the Hall Land- WulffLand region compiled from Lauge Koch's papers and maps. The
last column (Koch, 1929a) is compiled with reference to Koch's map of 1931 (see fig. 4).
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1971). Along the outer coast of the Hall Land - Wulff Land region, Haller described a major
'thrust-fold system' (now referred to as the Nyeboe Land fault zone) which he regarded as an
eastem expression of the Tertiary Eurekan orogeny of Ellesmere Island.

In 1969, following Operation Grant Land, geologists of Greenarctic Consortium, a
Canadian-based commercial organisation, visited western North Greenland and carried out
stratigraphical studies from a base camp in southern Wulff Land (personal communication to
GGU). The Precambrian crystalline rocks and overlying Lower Palaeozoic cover in the
Victoria Fjord arch, and the carbonate shelf rocks containing conspicuous 'patch reefs' , were
investigated (Stuart-Smith, 1970). No details, or any information from the present study
region, have been published, although observations by Greenarctic geologists from adjacent
areas to the east and west have been included in a regional geological account of northem
Greenland geology (Dawes, 1976).

Field work by GGU

GGU geologists visited the Hall Land - Wulff Land region in 1977 and on occasions since
then. During a study of the Silurian strata in Washington Land in 1977, Hurst (1980) visited
Kap Tyson in western Hall Land to examine the Offley Island and Cape lYson Formations of
Koch (1929a). In the course of GGU's 3-year expedition to the Peary Land region, 1978
1980, reconnaissance extended as far west as the present study region. The Lower Pal
aeozoic succession in southern Wulff Land in the Victoria Fjord arch area was briefly
investigated in 1978 (Hurst & Peel, 1979), and air reconnaissance reached as far west as
eastem Nyeboe Land. In 1979, one team spent two weeks investigating the Silurian deep
water clastic strata in Wulff Land, Hendrik ø, Warming Land, Nyeboe Land and Hall Land
(Hurst & Surlyk, 1982). A second team examined Cambrian and Ordovician platform
sequences in southem Wulff Land and Warming Land (Peel, 1980) and the probable early
Cambrian carbonates in northem Wulff Land (Peel, 1982, p. 316).

Modem systematic mapping of western North Greenland was initiated in 1984 by GGU's
Programme NordGrøn (Dawes, 1984).

Acknowledgements. I am grateful to R. L. Christie, Geological Survey of Canada, for information and
help in the compilation of this paper and to Esben Glendal for technical assistance in the preparation of
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