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ABSTRACT

A new model for the crustal evolution of the Labrador Sea region of southwestern
Greenland (58.7 - 61.9°N and 48 - 53°W) was developed from gravity-derived Moho
estimates and lithologic and geologic features interpreted from correlative geopoten-
tial anomalies, and recent seismic surveys [Chian and Louden, 1994; Chian et al.,
1995a, Chian et al., 1995b; Chalmers and Laursen, 1995]. Previous kinematic models
[Srivastava, 1978; Srivastava and Tapscott, 1986; Roest and Srivastava, 1989] sug-
gested that the opening of the Labrador Sea caused a counterclockwise rotation of
Greenland from ca. 92 to 36 Ma as a part of the opening of the North Atlantic
Ocean. These models were based on interpretation of a 150 km wide zone of crust off
of the coasts of Greenland and Labrador as oceanic crust with continuous magnetic
isochrons through anomaly 33. The structural implications of the gravity-derived
Moho and crustal density models challenge this interpretation. Instead, this region
is interpreted a combination of rifted-continental and transitional crust. The correla-
tion analysis of free-air gravity and magnetic anomalies determined that rocks within
this 150 km zone were more characteristic of rifted-continental or transitional crust,
and this was further supported by the results of seismic surveys [Chian and Louden,
1994; Chian et al., 1995a; 1995b; Chalmers and Laursen, 1995]. The linear magnetic
anomalies interpreted as isochrons 31 and 33 by Roest and Srivastava [1995] were in-
terpreted as serpentinization along the crustal rupture and delamination surfaces or
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along the base of regional-scale half-grabens. The revised model postulates that the
rotational opening of the Canada Basin from 135 to 115 Ma induced a counterclock-
wise rotation of Greenland, which extended and thinned the Archean crust between
Greenland and Labrador. This weakened crust was thus well disposed to rifting when
the North Atlantic rift system propagated northward into the region at about 90 Ma.
Slow extension rates and an insufficient supply of magma delayed the initiation of
oceanic spreading until about 63 Ma when Greenland began to separate from North

America and move with Europe.
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(Figure 3.25) and adjusted lower crustal density contrasts (Figure 3.26)
in a Lambert Equal-Area Azimuthal Projection centered on 40° W.
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4.27 Composite geology and structural map of Greenland in a Lambert
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Equal-Area Azimuthal Projection centered on 40° W. These features
were compiled from Figures 4.22, 4.24, 4.25, 4.26, and from the struc-
ture implied in Figure 4.1. . . . . . . . ... ... ... ... ...,

Green box delineates the study area (58.7 - 61.9°N and 48 - 53°W) for
southwestern Greenland in a Lambert Equal-Area Azimuthal Projec-
tion centered on 40° W. . . . ..o oo

Moho model for the Greenland area estimated from the spectral cor-
relation modeling of FAGA and the terrain gravity effects for inte-
grated mass variations defined by the bedrock surface, and water and
ice thicknesses. The area is shown in a Lambert Equal-Area Azimuthal
Projection centered on 40° W. The green box delineates the study area.
Note the deeper roots subparallel to the coast an extending northwards
through the Davis Strait region. . . . . . . . . . ... ... ... ...

Geologic features for southwestern Greenland in a Lambert Equal-Area
Azimuthal Projection centered on 50.5° W and at 62.4° N. Continental,
rifted, transitional, and oceanic zones from Figure 5.4 are shown along
with spreading centers and transforms faults. These features were
determined partially from the Moho predictions (Figure 5.4) and by
the distribution of correlative free-air gravity and magnetic anomalies
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spreading ridge generally mark the positions of magnetic isochrons that
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crust are both thickened, while oceanic and rifted-continental crust are
both thin. . . . . . . .

Moho model for southwestern Greenland in a Lambert Equal-Area Az-
imuthal Projection centered on 50.5° W and at 62.4° N. White trian-
gles indicate the seismic survey points of the R2 profile from Chian
and Louden [1994]. White lines delineate the boundaries between the
oceanic, transitional, rifted continental, and continental crust.
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Comparison between the R2 profile of Chian and Louden [1994] (di-
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shows the ocean bottom. Letters refer to seismic stations from Chian
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Equal-Area Azimuthal Projection centered on 40 W. Data are reduced-
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Average IGRF derived Declination (solid line), Inclination (dashed
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MA reduced-to-pole and upward-continued to 20 km elevation shown
in a Lambert Equal-Area Azimuthal Projection centered on 40 W. . .

Altimetry analysis flowchart. Various processing steps are necessary to
generate enhanced FAGA. Ultimately, the long wavelength component
of the reference FAGA data is combined with the short wavelength
data from the altimetry. . . . . . . ... ... L

168-day ERS-1 altimetry for the Barents Sea. Ascending (top) and
descending (bottom) altimeter coverage can be seen to be sufficient
for the test area (red box) and is shown in a Lambert Equal-Area
Azimuthal Projection centered on 45 E at sea level. . . . . . . . . ..

Andersen and Knudsen FAGA for the Barents Sea shown in a Lambert
Equal-Area Azimuthal Projection centered on 45 E at sea level. The
test area is shown with thered box. . . . . . . . . .. ... ... ...

Andersen and Knudsen FAGA-derived geoid undulations for the Bar-
ents Sea shown in a Lambert Equal-Area Azimuthal Projection cen-
tered on 45 E at sea level. The test area is shown with the red box.

Comparison of altimeter (solid) and reference geoid (dashed) derived
profiles (top) and the difference between them (bottom). Differences
are primarily due to long wavelength (1114 km) errors, spikes, and
higher frequency features that represent both noise and crustal signals.
Profile shown is ERS-1 168-day mission track 26138 and is sampled
roughly every 660 meters. . . . . . . . .. ... . L

Power spectrum and trade-off diagram showing cutoff correlation (CCk)
selection. Increase in overall track pair correlations and improvement,
in signal to noise ratio are nearly linear (upper-right and upper-left di-
agrams) and the drop off in power is nearly linear except at the highest
values (bottom-left diagram). The slope of the power drop off (bottom-
right diagram) more clearly shows that the maximal inflection point is
at about a CC of 0.8 to 0.9. For this reason, 0.9 was chosen for the
CCK). o o o

Residual geoid undulation for Barents Sea test area shown in a Lambert
Equal-Area Azimuthal Projection centered on 47 E at sea level.
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Residual FAGA for Barents Sea test area shown in a Lambert Equal-
Area Azimuthal Projection centered on 47 E at sea level. . . . . . . .

Total enchanced FAGA for the Barents Sea shown in a Lambert Equal-
Area Azimuthal Projection centered on 47 E at sea level. Comparison
of these features to those in the red box in Figure C.3 show that the
major features are still present. . . . . ... ... ...

Comparison of 7 seismic profiles around Greenland. Values interpo-
lated from the final Moho model (Figure E.2) are shown as solid white
profiles with the seismic estimates given in the red dashed profiles.
The correlation coefficient (CC), standard deviation (St. Dev.), and
mean difference (mean) are given at the top of each profile. a. Chian
and Louden [1994] b. Chian and Louden [1992] c¢. Dahl-Jensen et al.
[1998] d. Fechner and Jokat [1996] e. Gregersen et al. [1988] f. Jack-
son and Reid [1994] g. Reid and Jackson [1997]. Asterisks (*) mark
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Moho model for the Greenland field area shown in a Lambert Equal-
Area Azimuthal Projection centered on 40 W. . . . . . . ... .. ..

Location of Greenland control Moho depths listed in Table E.1 and
shown in a Lambert Equal-Area Azimuthal Projection centered on 40

Depiction of GLQ Geophysical Relationships. a. The initial location of
the prism, its nodes (black dots), and the observation surface. b. The
final location of the prism and its nodes. This simplified case depicts
the effects on the change of nodal location only for a point immediately
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