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Since 1987, the Geological Survey of Greenland (GGU) 

has been engaged in a re-assessment of the geology and 

petroleum potential of the region offshore southern West 

Greenland. In I 994, a milestone was reached in this study 

when, for the first time, a fairly complete understanding of 

the regional structure and stratigraphy of all of the sedimen­

tary basins and the continental margin off shore southern 

West Greenland was achieved. This paper presents an ac­

count of how the work was carried out and gives a summary 

of the geological results. Due to the area being offshore, its 

investigation required the interpretation of geophysical data, 

primarily seismic data, tied to boreholes. 

The first phase of exploration - 1970s and 
early 1980s 

It is nearly 25 years since the first multichannel seismic 

surveys were conducted by the oil industry at the start of a 

search for hydrocarbons off southern West Greenland. 

Between 1970 and 1975, much of the shelf between lati­

tudes 62°N and 70°N was surveyed by a regional grid of 

multichannel seismic lines (Fig. 1 ). More detailed survey­

ing followed the award of licences in 1975, and this first 

phase of exploration culminated in the drilling of five 

exploration wells in 1976 and 1977. 

GGU was also active offshore southern West Greenland 

during the 1970s. Geophysical surveys, including shallow 

seismic acquisition, were undertaken in 1972 (Denham, 

1974) and 1978 (Brett & Zarudzki, 1979), and Roksandic 

( 1979) published an interpretation of high resolution seis­

mic surveys acquired by industry. 

The understanding of the regional geology that resulted 

from this first phase of exploration was summarised by 

Manderscheid (1980) and Henderson et al. (1981 ). Rolle 

( 1985) summarised the stratigraphy and lithology encoun­

tered by the five boreholes and Toxwenius ( 1986) reported 

on the biostratigraphy. 

Re-appraisal - 1987 to present 

Re-interpretation of seismic data from the 1970s 

In 1987, a pilot project showed that the new methods of 
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seismic stratigraphy and structural analysis could be used 

successfully on the 1970s seismic data (Chalmers, 1989). 

As a consequence, projects were started to reinterpret the 

remainder of the 1970s seismic data and data from the 

wells to re-assess the structure and stratigraphy of the West 

Greenland shelf south of 68°N. These projects are still 

incomplete, but interim reports and papers summarising 

some of the results have been published (Chalmers, 1990; 

Ottesen, 1991a, b; Chalmers & Pulvertaft, 1993; Chalmers 

et al., 1993). 

Continent-ocean transition in the Labrador Sea 

Interpretation of seismic data during the pilot project 

also suggested that the area of block-faulted continental 

crust under the continental shelf extended beyond the pre­

viously assumed position of the transition from continental 

to oceanic crust (Tucholke & Fry, I 985). One seismic line 

(BGR/77-12), from a seismic survey acquired by Bundesan­

stalt fiir Geowissenschaften und Rohstoffe (BGR) in 1977 

(Hinz et al., 1979), appeared to show that the fault blocks 

extended at least 150 km beyond the continental slope. 

However, this interpretation was equivocal because the 

original processing of the data was only to cdp-stack. 

Reprocessing and migration were necessary. 

A trial was carried out by reprocessing and migrating 

275 km of line BGR/77-12. This was successful and the 

seismic line and associated magnetic data were interpreted to 

show that continental crust extended well beyond the con­

tinental slope (Chalmers, 1991 ). The results from the trial 

were sufficiently significant to justify reprocessing and 

interpretation of an additional 2670 km of BGR/1977 data 

(Chalmers & Laursen, 1995). The location of the re­

processed BGR/1977 seismic lines are shown in Fig. I. 

Acquisition of new seismic data 

The new interpretation of the extent of continental crust 

off southern West Greenland showed that there were exten­

sive areas with little or no seismic data coverage that might 

be prospective for petroleum. In order to investigate these 

areas and other areas thought to be prospective for 

petroleum, new seismic data were acquired by GGU in 
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1990 (Chalmers & Dahl-Jensen, 1991), 1991 (Chris­

tiansen & Pulvertaft, 1992) and 1992 (Christiansen et al., 

1993). 

Furthermore, in 1990 'speculative' seismic data were 

acquired by the contractor, Halliburton Geophysical 

Services Inc. (HGS), after completion of the GGU/1990 

survey. The HGS/1990 survey was designed by GGU at 

HGS's request, but was not completed because of the in­

creasing frequency of winter storms at the end of the sea­

son. 

In all, 8553 km of new data were acquired between lati­

tudes 62 ° and 70° N in the years 1990-92 (Fig. 1). A 

summary of the projects involving acquisition and/or 

reprocessing of seismic data in the period 1989 to 1992 is 

given in Tables 1 and 2. 

Table 1. Summary of projects involving acquisition 

and/or processing of seismic data 

Project: REEVALUERE DYBVANDSOMRADE 

Type of project: reprocessing 

Total km: 275 

Funding: EFP-89 (Energiforskningsprogram 89) 

Project: REPROCESSERING GR0NLAND 

Type of project: reprocessing 

Total km: 2670 

Funding: 

Project: 

EFP-90 and GGU 

GGU/1990 

Type of project: acquisition and processing 

Total km: 3285 

Funding: 

Project: 

MRA (Mineral Resources Administration for 
Greenland) 

HGS/1990 

Type of project: acquisition and processing 

Total km: 1915 

Funding: HGS (Halliburton Geophysical Services Inc.) 

Project: GGU/1991 

Type of project: acquisition and processing 

Total km: 336 

Funding: 

Project: 

MRA 

GGU/1992 

Type of project: acquisition and processing 

Total km: 3017 
Funding: MRA 
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Interpretation of new seismic data 

In 1992, provisional interpretation was made of the new 

seismic data acquired in 1990. In order to provide informa­

tion about the area offered for licensing to the industry in 

1992-93, a summary of the geology and hydrocarbon po­

tential of the offshore southern West Greenland area was 

made available (Chalmers et al., 1993 ). This summary 

included information from all the interpretation work that 

had been carried out at that time. 

A major re-interpretation of the geology of offshore 

southern West Greenland was completed in April 1994. 

This interpretation was made primarily on the seismic data 

acquired and reprocessed from 1989 to 1992 but incorpo­

rated both well and gravity data. Results of earlier work 

were used as guidelines in the interpretation. This project 

has resulted in the first overview of the whole of offshore 

southern West Greenland. A summary map showing the 

structural elements of southern West Greenland is shown 

in Fig. 2, and sections across the area are shown in Figs 3 

and 4. 

Geological history 

Plate tectonic setting 

The offshore region of southern West Greenland south of 

63°N (Fig. 1) is interpreted as a passive continental margin 

that developed when Greenland and North America sepa­

rated in the early Tertiary (magnetochron 27N) (Chalmers, 

1991; Chalmers & Laursen, 1995). The Gjoa Rise (Fig. 2) 

is a volcanic continental margin. Farther south there is a 

transitional zone between the block-faulted continental crust 

and oceanic crust in which continental crust appears to have 

been intruded and overlain by igneous material (Fig. 4). 

South of 62°N, half-grabens in an area of highly-subsided 

crust appear to have been intruded by igneous bodies 

and peridotite diapirs. 

This interpretation contrasts with earlier interpretations 

such as that of Roest & Srivastava ( 1989) which placed the 

continent-ocean boundary much closer to Greenland than 

shown in Fig. 2. According to Roest & Srivastava's ( 1989) 

interpretation, sea-floor spreading started during magneto­

chron 33 (Campanian). 

Keen et al. ( 1994) and Chian & Louden ( 1994) present 

interpretations of the area south of 62° N based on single 

seismic lines. Keen et al. (1994) show two alternative in­

terpretations, one similar to that of Roest & Srivastava 

( 1989) and the other similar to that shown on Fig. 2. Chian 

& Louden ( 1994) interpret the area landward of magnetic 

anomaly 27 or 28 as thin continental crust intruded by 

peridotite diapirs. 
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Development of pre-Tertiary b asins 

The extent of Mesozoic basins is shown in Fig. 2 and 

cross-sections through them are shown in Figs 3 and 4. 

The oldest sequence (the 'deep sequence') identified 

off shore southern West Greenland is interpreted on seis­

mic sections in the Sisimiut Basin (Fig. 3). These rocks 

may be Ordovician limestones equivalent to those exposed 

in eastern Canada (Bell & Howie, 1990), erosional rem­

nants of which are found in Greenland (Stouge & Peel, 

1979). Other possibilities are Lower Cretaceous volcanics 

equivalent to the Alexis Formation on the Labrador Shelf 

(Balk will, 1987) or hitherto completely unknown Mesozo­

ic sediments. 

Some time after deposition of the 'deep sequence', half­

grabens developed (Figs 3 and 4 ). Two sequences, the 

Kitsissut andAppat sequences (Chalmers et al., 1993), can 

be interpreted to have been deposited during this period of 

rifting. None of the wells penetrated these sequences, but 

we speculate that they may be of Early to mid-Cretaceous 

Table 2. Summary of acquisition parameters for 

surveys GGU/1990, HGS/1990, GGU/1991 

and GGU/1992 

Acquisition 

Source: 

Shot interval: 

Source depth: 

Streamer length 

(analogue): 

Streamer depth: 

airguns at 2000 psi (3616 cu.in for GGU/ 
1990 and HGS/1990; 5015 cu.in. for GGU/ 
1991 and GGU/1992) 

25 m 

6m 

3000m 

8m 

Number of channels: 120 

Record length: 8 sec 

Sample interval: 2 msec 

Processing 

Apart from routine processing, all surveys included the follow­
ing procedures: 

Resample to 4 msec 

Demultiple (f-k for GGU/1990, HGS/1990 and GGU/1991; 

'mule' (proprietary process of Spectrum Geophysical) fol­

lowed by f-k for GGU/1992) 

Dip Move-Out (OMO) correction 

Velocity analysis every 2 km 

Inside trace mute 

Cdp-stack (60-fold 

Migration (finite difference for GGU/1990, HGS/1990 and 

GGU/1991; Omega-X for GGU/1992 
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age because their seismic character is similar to the Lower 

and Upper Bjarni Formation on the Labrador Shelf (Balk­

will, 1987; Balkwill & McMillan, 1990). The Bjarni For­

mation is of Early Cretaceous age and sediments of the 

same age are exposed on the Nuussuaq peninsula (Fig. 2). 

Syn-rift sediments of mid-Cretaceous age have also been 

identified on islands north of Nuussuaq by Rosenkrantz & 

Pul vertaft (1969). 

The Kitsissut and Appat sequences are overlain by the 

Kangeq sequence (Fig. 3), which is seismically transpar­

ent. The uppermost 850 metres of the Kangeq sequence 

were penetrated by the Ikermiut-1 well (Fig. 3a). Here the 

sequence consists of marine mudstones of Campanian to 

Maastrichtian age (Rolle, 1985). The Kangeq sequence 

has been interpreted by Chalmers et al. (1993) as being 

deposited during a phase of thermal subsidence that fol­

lowed the extensional episode recorded by the Kitsissut 

and Appat sequences. More proximal sediments of the 

same age as the Kangeq sequence are exposed on Disko, 

Nuussuaq and Svartenhuk Halvp farther north (Pedersen 

& Pulvertaft, 1992; Fig. 1 ). Proximal sediments may also 

be present on the southern edge of the Sisimiut Basin 

where a wedge of sediments prograded off the Nukik plat­

form during mid-Cretaceous times (Henderson et al., 1980; 

Ottesen, 1991 b ). 

Paleocene tectonism, sedimentation and 

volcanism 

In parts of offshore southern West Greenland, Paleocene 

rifting, probably connected to the start of sea-floor spread­

ing in the Labrador Sea, led to the deposition of fans along 

active faults. The Narssarmiut Formation (Rolle, 1985), 

which was penetrated by the Kangamiut-1 well, can be 

interpreted to be part of one of these fans ( Chalmers, 1992; 

K. J. Bate, unpublished data). 

Low energy shelf to deep-water mudstones were depos­

ited widely during the Paleocene (Rolle, 1985). In places, 

basin floor fans interbedded with the mudstones can be 

interpreted on the seismic data. 

Volcanism appears to have occurred during the Paleocene 

along all the margins of the Labrador Sea (Balkwill, 1987; 

Chalmers, 1991; Chalmers et al., 1993; Chalmers & 

Laursen, 1995) and, along the Greenland margin, Tertiary 

dykes and sills were intruded into some of the grabens 

containing Mesozoic sediments (Figs 2, 3 and 4 ). The 

volcanism at the continent-ocean boundary on the Gjoa 

Rise (Fig. 2) appears to have been sub-aerial, as indicated 

by seaward-dipping reflectors and a landward-facing mar­

ginal escarpment (Chalmers & Laursen, 1995). This indi­

cates that there were high temperatures in some areas of 

the upper mantle during the Early Tertiary. 

North of approximately latitude 68°N, Paleocene vol-
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can ism, probably contemporary with the onset of sea-noor 

spreading (Piasecki el al., 1992), led to the extrusion of a 

thick succession of basaltic lavas (Fig. 2), pan of which is 

exposed onshore (Clarke & Pedersen, 1976). The Helle­

fisk-1 well penetrated the southernmost extent of the lavas 

(Rolle. 1985). Smaller areas of lava occur farther south 

(Fig. 2). The lavas that were penetrated by the Nukik-1 

well (Rolle, 1985) may have been empted into actively rift­

ing half-grabens (Chalmers. 1990; Chalmers e1 al., 1993). 

Eocene 

Following a change in direction of sea-floor spreading at 

the beginning of the Eocene (magnetochron 24R) (Roest & 

Srivastava, 1989; Fig. 2). sedimentation offshore southern 

West Greenland took place on a steadily subsiding conti­

nental margin. Deposition of mudstones continued during 

the Early Eocene, but by the Middle and Late Eocene, 

coarser elastics were being deposited in a high-energy shelf 

environment (Rolle. I 985). 

A period of erosion and relative uplift at the end of the 

Eocene or in the early Oligocene coincided with the cessa­

tion of sea-noor spreading. Along the continental margin 

south of about 63°N. the post-drift margin was sediment 

starved, and this part of the shelf is narrow today (Fig. 4). 

No oceanic crust is interpreted north of about 63°N in 

the Labrador Sea. We interpret that the movement of North 

America relative to Greenland was transferred from the 

Labrador Sea to Baffin Bay by a complex system of strike­

slip faults known as the Ungava fault complex through 
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continental crust in the region of the Davis Strait (Chalm­

ers et al.. 1993). The Davis Strait High is bounded by some 

of the Ungava faults. and the fault on its south-eastern side 

moved in transpression during the Early Tertiary. This gave 

rise to complex flower structures between 66°N and 68° 

(Fig. 2) and the lkenniut-1 well drilled a small fold on 

the margin of one of them <Fig. 3a). North of about 

68°N. the Ungava fault complex is transtcnsional. The 

ltilli fault on western Nuussuaq is :in extension of this 

system onshore. 

Neogene 

Evidence for eogene uplift can be seen on Lhe seismic 

sections in the north-eastern part or the Sisimiut Basin 

(Fig. 2) and onshore West Greenland. 

During the Quaternary. prograding wedges of sediment 

several hundreds of metres thick were deposited as the 

Greenland ice cap advanced and waned across the conti­

nental shelf. 

Petroleum prospectivity 

Chalmers & Pulvertaft ( I 993) presented an appraisal of 

the prospects tested by the five wells in 1976 and 1977. 

This work showed that all of the prospects drilled were in 

some way defective as traps for hydrocarbons. Nukik-1 

found only sandstones lying direclly on basement with no 

seal present. Nukik-2 and Hellelisk-1 penetrated Paleocene 

volcanic rocks under Tertiary sandstones. again with no 

seal. lkermiut-1 penetrated a thick Lower Tertiary and 

Upper Cretaceous mudstone succession which could form 

a good seal. bu1 there were no reservoir rocks. Only in 

Kangamiut-1 was a po�siblc reservoir rock encountered 

under a possible seal. Gas shows up to C5 were recorded 

and a Dri I I-Stem Test (DST} performed. After examination 

of the original drilling records, it has been realised that 

probably only drilling-mud fluids were produced during 

the DST (K. J. Ba1e. unpublished data). This suggests that 

the reservoir may contain hydrocarbons which were never 

properly tested. 

Source ivcks. The Upper Cretaceous mudstones encoun­

tered by lkermiut-1 contain total organic carbon (TOC) 

amounts of over 2% but were gas prone (Rolle, 1985). 

However. a kilometre of Kangeq sequence sediments lie 

below the TD. of the well (Fig. Ja). It is therefore possible 

that the lower part of the Kangcq sequence could be of 

Cenomanian-Turonian age. This is the time of a global 

ano1-ic event during which prolific source rocks were 

depo�iLed elsewhere in the world (Klemme & Ulmishek, 

1991 ). Recently. marine rnudstones of exactly this age, 

with TOC contenb typically 8% and more and hydrogen 

indices of JOO to SOO+ have been described from the Sver­

drup Basin in Arctic Canada (Nuiiez-Betelu, 1993). 

Mudstones of Early Tertiary age encountered by the 

Kangfimiut-1 and rkermiut-1 wells contain total organic 

carbon (TOC) amounts of up to over 2% but are gas prone 

(Ro I le. 1985 ). Furthermore. oil from a probable Paleocene 

or latest Cretaceous source rock has been encountered in 

western Nuussuaq (Christiansen e1 al., 1994 ). 

Resen,oirs. The presence of sandstones in the syn-rift envi­

ronment of the Kitsissut and Appal sequences can be ex­

pected. This was the case in the Bjarni Formation which 

acts as the reservoir for several gas accumulations on the 

Labrador Shelf (Balkwill, 1987). Lower Teniary synLectonic 

fans. which presumably contain sands comparable Lo the 

Narssarmiut Formation. can be interpreted along the fault­

ed margins of other basement highs and ba$in floor fans of 

Early Tertiary age can be interpreted in several areas. 

Seals. Mudstones of the Kangeq sequence can seal re. er­

voirs in the Kitsi�sut and Appal sequences. and mudsLoncs 

of Paleocene and Eocene age can seal Early Tertiary reser­

voirs and older reservoirs where the Kangeq sequence has 

been removed. 
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Leads. Three major structural leads and a number of strati­

graphic plays have been identified. 

• The Fylla structural complex. (Fig. 2; 63°30'N -

64 °30'N; 54 °W - 56°W) was formed by a system of faults 

that moved in the Early Tertiary. These north-east to south­

west trending ex.tensional faults are roughly parallel to the 

Labrador Sea transform faults. Movement on them led to 

the formation of large rotated fault-blocks which may be 

capable of trapping large quantities of hydrocarbons. Flat 

spots have been interpreted to be present in these structures 

which, if real, indicate the presence of very large quantities 

of gas (Bate et al., 1994, this report). Fig. 3d shows a cross­

section through these structures. 

• In the complex flower structures between latitudes

66°N and 68°N and west of the Ikermiut-1 well (Fig. 2), 

the Kitsissut and Appat sequences are folded and faulted 

beneath the mudstones of the Kangeq sequence (Fig. 3a). 

These structures are large but very complex and the present 

seismic grid is inadequate to resolve individual prospects. 

• The Kangamiut ridge (Figs 2 and 3b) is a basement

ridge about 100 km long north to south. Its potential re­

mains untested because the Kangamiut-1 well, the only 

well that was drilled on the ridge, did not evaluate it prop­

erly. 

• Stratigraphic traps may be provided by both syn-tec­

tonic and basin-floor fans of Early Tertiary age and by the 

large body of sediment that prograded over the southern 

margin of the Sisimiut basin in mid-Cretaceous times. 
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