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Seismic reflection profiles and bathymetric data obtained during a
survey of the northern Labrador Sea delineate the structure and
morphology of a sedimentary basin in the eastern part of the survey
area. The sedimentary column of the basin reaches a thickness of
at least 1.5 km. Within this sequence an unconformity with horizontal
layers overlying eastward dipping strata is observed. Evidence is
presented which suggests that the sediments of the basin are mainly
Mesozoic and Lower Tertiary in age.

The data suggest that the basin may be a down faulted portion of
the original Greenland continental block. The presence of the un-
conformity might thus be explained by rapid subsidence during the
early rifting history of the continental margin.

A N to NW trending basement high in the northern Labrador Sea
may represent the ancient spreading axis.
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During the summer of 1971 the USNS LYNCH conducted a reconnaissance
survey of selected parts of the Labrador Sea. Parameters measured were
magnetics, bathymetry and seismic reflection. A proton precession mag-
netometer (Varian 4937 DR) was employed to measure the absolute value
of the earth’s magnetic field. Magnetic tapes were scaled at 100 gamma
intervals and at all magnetic highs and lows. Echo soundings were obtained
with a 3.5 kHz hull mounted transducer, which also gave information on
shallow sub-bottom sedimentary structures as penetration averaged about
15 m. Sounding data was recorded on an EDO (333 PSR) recorder. The
echo distances measured in units of 1/400 sec. travel time are probably
accurate to at least 1 part in 3000. Seismic reflection data were collected
with a 30,000 joule Teledyne sparker and hygirophone system. These data
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were recorded on two Raytheon PSR recorders. The incoming signal was
band pass filtered from 40 to 76 Hz. All navigation was by satellite with
"supplementary LORAN A and radar fixes when within range of land
masses and is accurate to about 500 m.

This cruise was a cooperative expedition between the US Naval Oceano-
graphic Office and the Ocean Study Group of Copenhagen. Analyses of
dredged basalts from the Greenland continental margin will be reported by
Campsie et al., (1973) and Rasmussen et al., (1973). Johnson et al., (1972a,
1973a,b) are reporting on the sedimentary rocks recovered from the Green-
land margin. The sediment distribution, crustal structure and magnetic
anomalies of the Labrador Sea south of Kap Farvel are described by
Johnson et al. (1972b). .

The evolution of the Labrador Sea has been thoroughly treated by Vogt
et al., (1970), Le Pichon et al., (1971) and Laughton et al., (1972) and
will not be discussed in this report. '
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Fig. 1. Bathymetric sketch map of the northern Labrador Sea. Control is shown
by dotted lines. Heavy dotted lines are sounding lines by Lynch and Jean Charcot
which used satellite navigation. Other soundings were controlled by a variety of
other navigational methods and are relatively inaccurate in this very difficult part
of the world. Heavy solid lines indicate seismic reflection tracks shown in pl. 1 and 2.
Depths are in nominal fathoms (1/400 sec. travel time).
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The northern Labrador Sea

Fig. 1 is a bathymetric sketch map of the northern Labrador Sea. This is
based on the chart published by Johnson et al. (1969) and has been re-
vised to include the 1971 LYNCH echo sounding data and JEAN CHAR-
COT 1970 data (Anonymous, 1971). However, CHARCOT data in the
vicinity of 63°N, 57°W was not used as the depths given seemed anomal-
ously shallow.

Morphologically the northern Labrador Sea resembles a U-shaped valley.
It is bounded to the north by Davis Strait at a depth of slightly more than
350 fathoms (640 m) and to the east and west by the continental blocks of
Greenland and Baffin Island, Labrador respectively. The sea floor deepens
southward, at an average gradient of approximately 1:240. The Labrador
continental shelf ranges in depth from 250-300 fathoms, (457-549 m)
whereas the west Greenland continental shelf lies close to the 100 fathom,
(183 m) isobath. The east Greenland shelf is deep and lies in depths com-
‘parable to the Labrador shelf (Johnson et al. 1969, Johnson & Eckhoff,
1966). Why the west Greenland shelf is so shallow, being comparable to the

shelf depths in more temperate regions (Heezen et al. 1959) is not at all-
clear. :

Canyons

. Unique topographic features found in the northern Labrador Sea are a num-
ber of sea floor canyons. They have no apparent connection to canyon
systems on the shelf and slope although detailed surveys are required to

conclusively demonstrate this. They strike generally north-south and the
" major ones in the northeastern area appear to commence as a general de-
pression at the base of the Greenland continental slope at 65°N. Farther to
the south the canyon system bifurcates around a prominent high which lies
at less than 600 fathoms (1097 m) (fig. 1).

- P1. 1 shows three seismic reflection lines across the area of interest. Pro-
files 1 and 2 were taken across the broad topographic high on an east-west
heading. The high as well as the eastern and western bordering depressions
together comprise the sedimentary basin. The western canyon is clearly an
erosional feature and appears to be a recent phenomenon which has eroded
a channel through the westernmost edge of the upper sequence of the basin
sediments (pl. 1, profile 3). Profiles 1 and 2 show that the western canyon
has developed along the eastern edge of a prominent basement high which
bounds the western side of the basin. ' ’

It is assumed that bottom currents are responsible for the cutting of this
channel and general redistribution of sediments. It is noted in profile 3 that
1*



~

4 JOHNSON et al.; A sedimentary basin

the sediment pattern is distinctly anticonformable to basement topography.
The basement peaks (pl. 1, profile 2) are kept bare of sediment, or nearly
so even though the regional sediment build-up of the surrounding sea floor
has reached a level of more than 180 m above the basement elevation (pl.
1, profile 2).

Le Pichon et al. (1971) have suggested that this basement high is a
north-south transform fault active during the second phase of opening of the
Labrador Sea commencmg in the Paleocene.

Vogt (1972) on the other hand has suggested this presumably basaltic
ridge may be the apex of V-shaped aseismic ridges associated with mantle
plume (“hot spot”) activity, The Cape Dyer and West Greenland Tertiary
basalts would be trails of magma extruded from the “hot spot” and carried
northward by the movement of the Labrador and Greenland plates. A
thorough study of possible effects of mantle plumes is contained in Vogt
1971).

The eastern channel appears to be fault controlled rather than an erosion-
al surface. In pl. 1, profile 2 prominent layers appear to be down faulted to
form a graben like feature. The rather rugged terrain in pl. 1, profile 1 may
also represent fault blocks. At 64° 30'N the sea floor at the base of the
Greenland slope is smooth with no indication of either erosional or tectonic
activity.

Basement Structure

A series of basement highs in the northern Labrador Sea were investigated
by the LYNCH (pl. 2). A large blocky high which is partially emergent
above the thick sedimentary blanket forms a topographic high striking 325°
(fig. 1, 62° 25'N, 56° 30'W). Morphologically this massive basement peak
does not resemble the typical narrow double crested fracture zones of the
Atlantic and their associated median deep. It would seem likely that this high
rather represents the ancestral Labrador Sea spreading centre which has been
highly fractured by NNE-SSW fracture zones of which the linear north-south
basement high mentioned in the previous section (pl. 1) is one. The smooth
basement high at the north end of profile. A (pl. 2) is the same feature
reported by Johnson et al. 1969, The authors believe this structural high may
well continue on a northwesterly strike tovard Cape Dyer as an extension
of the proposed relic spreading center noted at 65° 25'N, 56° 30'W, which
has been offset to the north by fracture zones.

Without further data it is impossible to determine if this basement high
represents magma discharged from a mantle plume as suggested by Vogt,
(1972). Further surveys would be needed to trace the basement highs which
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according to his hypothesis should form a V-shaped ridge with the limbs
pointing toward Cape Dyer and Disko Island. The authors favour a ndge-
fracture zone explanation.

Sedimentary Basin

The sedimentary basin is well depicted in pl. 1, profiles 2 and 3. It is
seen to consist of approximately 1 km of horlzontal reflective layers ‘These
opaque layers are assumed to consist of turbidite sequences of sands and
silts originating from the nearby land masses. Beneath these layers there is
an angular unconformity with eastward dipping layers. Le Pichon et al.
(1971) also noted that the deeper sedimentary layers near the continental
margin of Greenland dipped toward the east. They explain this by a rapid
subsidence of the margin during its early history with maximum subsidence
at the continental margin and decreasing subsidence toward the continent
and ocean basin. That the rifting history of continental margins involves
© first uplift followed by subsidence is fairly well established (Pautot et al.
1970; Sleep, 1970; Schneider & Johnson, 1970). The basin is seen to
extend to a depth of 1.5 km and it is assumed that its depth may be much
greater. Le Pichon et al. (1971) show an average of 2000 m of sediment on
the western extremity of the basin. A dredge from the eastern end of profile
2 at 63° 34N, 52° 57'W on the Greenland continental slope from a depth of
770-840 m recovered sedimentary rocks which yielded an Upper Cre-
taceous date (Johnson et al. 1972 a, 1973 b). This implies -that this basin
primarily consists of Mesozoic and Lower Tertiary sediments if it is assumed,
to be a down faulted portion of the original continental block. The uncon-
formity may well date to a slow down in spreading rates at about 49 mybp,
(Vogt et al. 1970) with a concomitant loss of heat. This would accelerate
thermal contraction of the crust and perhaps open Davis Strait which in turn
would accelerate the thermohaline circulation patterns. The Baffin Island
and Disko Island basalts on either side of the Davis Strait also date at about
50-60 mybp and would appear to be related to the initiation of the second
slower phase of spreading and possible ridge reorientation in the Labrador
Sea (Le Pichon et al. 1971). ‘

This basin with its angular unconformity and thick sedimentary sequence
would seem to offer an excellent potential for petroleum reserves.
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Dansk sammendrag

Selsmlske reflektions _profiler og ekkolodninger indsamlede under en ekspedition i det
nordhge Labrador Hav viser tilstedevarelsen af et sedimentart bassin i den gstlige del
af undersggelsesomridet. Bassinets struktur og morfologi beskrives. Lagmagtigheden
i bassinet. er mindst 1,5 km. I sedimentations-serien ses en vinkeldiskordans, hvor
horisontale lag overlejrer gstligt haldende lag. De indsamlede data antyder, at bas-
sinet méiske reprasenterer en nedforkastet del af den oprindelige grgnlandske kon-
tinentale blok. @vre kretassiske sedimentzre bjergarter optagne i den estlige ende
af bassinet, i forbindelse med formodet nedforkastning, leder til den konklusion, at
bassinets sedimenter hovedsagelig er af Mesozoisk og Nedre Tertizr alder. Tilstede-
vzrelsen af vinkeldiskordansen kan muligvis forklares ved en hurtig indsynkning pd
et tidligt stadium af opbrydningen af den kontinentale margin. Dette bassin med sin
vinkeldiskordans og betragtelige sedimentere serie synes at besidde et lovende poten-
tiel for olie-resourcer.
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all three profiles.
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Plate 2. Seismic reflection profiles across a basement high in the northern
Labrador Sea. One second of travel time is equal to approximately 1 km.
Profiles are oriented so that north is to the right in profiles A and B; west to
the left in profiles C-E.
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