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Figure 1.9. Location map showing areas for exploration off Nova Scotia. Seismic
exploration datasets include TGS-Nopec (1998/1999) in grey and GSl (1972) in red.
LITHOPROBE 1988/1989 lines are also denoted in black, including 88-1,1A (Keen et al.
1991a) and 89-1 (Keen and Potter 1995a). BGR lines 89-11 and 89-12 (unpublished, data
courtesy the German Federal Agency of Geosciences and Natural Resources) are shown
in brown. Wells drilled in the Scotian Basin are marked by dots. Bathymetry contours
200 m, 500 m, 1,000 m, 2,000 m, 3,000 m, 4,000 m, and 5,000 m are labeled. After
Shimeld (2004).
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Figure 1.10. Previous seismic reflection profiles across the Nova Scotia margin. Previous
seismic reflection profiles include 88-1,1A (Keen et al. 1991b), 88-2 (Keen et al. 1991a),
89-1 (Keen and Potter 1995a), 89-3, 4, 5 (Keen and Potter 1995b) and BGR lines 89-11
and 89-12 (unpublished, data courtesy the German Federal Agency of Geosciences and
Natural Resources). The wide-angle refraction/reflection (WAR/R) profiles acquired
during the SMART experiment Lines 1-3 are also shown as grey lines. The orange-doted
region denotes the East Coast Magnetic Anomaly (ECMA), which is shown in Figure 1.3.
The white-dotted area indicates the salt distribution along slope diapiric province (Wade
and MacLean 1990).
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Figure 2.6. Record section (top), record section with calculated travel times (middle) and
ray path diagram (bottom) for OBS 14 (vertical geophone component). Features refer to
Figure 2.3.

52



NNW
-120

Offset (km)
-40 -20

SSE

:QB.
11ill

20
280 300 320 340 360 380 400

Distance (km)
420 440 460 480

Figure 2.7. Record section (top), record section with calculated travel times (middle) and
ray path diagram (bottom) for OBS 18 (hydrophone component). Features refer to Figure
2.3.
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contrast, PLI is imaged on the SSE side with phase velocities of 5.5-5.7 km/s (also see

Figure 2.A6). In addition, PHVLC appears on the SSE side with P-wave velocities (vp) of

7.25 km/s but it is not observed on the NNW side. Furthermore, the Pni phase is first

observed as high amplitude signals, indicating a relatively high velocity gradient layer.

The high-amplitude signals disappear at NNW side at offset -50 km, and they are not

observed on stations further landward, indicating that this layer terminates somewhere

between distances 280-300 km. The reflection from its top boundary, which is termed

PmiP, is imaged on the SSE side. Phase Pn is observed at far offsets.

On OBS 18 (Figure 2.7), phases PLI, PHVLC, Pni and Pnare imaged on both sides as first or

recognizable second arrivals. For PHVLC, there is a change in velocity from 7.25-7.4 km/s in

the NNW side to 6.95-7.3 km/s in the SSE side. The Pni phase is observed on the SSE side

at offset 60 km, but it no longer appears on the instruments farther seaward. This indicates

that the layer producing the high-amplitude signals terminates seaward of OBS 18 at a

distance of-480 km.

2.5 Results

2.5.1 Velocity Model

The P-wave velocity model for Line 2 is shown in Figure 2.8. Sediments are divided into

seven layers: Si to 87. Velocities within the sediments vary from 1.7 to 4.6 km/s. Layers 82,

83, 85, and 87 are relatively flat layers over the deep sea basin with a total thickness of ~6

km, but they thin and pinch out on the continental slope and shelf. The average velocity of

4.5 km/s for the salt diapirs (85) is constrained by the OBS data (Figure 2.5) and is

consistent with well-log results in Scotian Basin wells that penetrate the Argo Formation
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Table 2.1. Number of observations (n), RMS misfit between calculated and picked
r\l times (t^, and normalized % for individual phases.

Phase

Ps2 •

Ps3

Ps4

Ps5

Ps6

Ps7

Pel

PC2

PC2P

Pc3

PL2

PL2P

PL3

PmlP

Pnl

PmP

Pn

All phases

n

663

609

206

417

37

839

744

447

253

379

266

13

343

36

503

830

1093

7678

trms,(ms)

44

53

64

45

174

69

72

89

131

72

69

52

53

146

61

134

87

82

x2

1.291

1.139

0.476

1.286

2.212

1.127

0.839

0.913

1.261

0.940

1.459

0.294

0.743

2.207

1.049

0.763

0.790

1.015
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Figure 2.9. Resolution parameter of the P-wave velocities (upper) and boundaries (lower)
for the model shown in Figure 2.8. The validity of velocity nodes is represented by colors
(upper). The velocity nodes for each layer are denoted as solid and open circles for upper
and lower boundaries, respectively. To keep the velocity model as simple as possible,
velocity nodes are placed only where the data indicate a velocity variation. The validity
of the boundary nodes is represented as the percentage of fill in circles (bottom). Blanked
area marks zones unconstrained by OBS data. Boundaries constrained by mantle
reflections (PmP or PmiP) are indicated by hatched bars. Boundaries overprinted by thick
shaded lines are also constrained by reflections in the coincident MCS sections. S marks
the boundary from the serpentinized mantle to the unaltered mantle discussed in text.
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well constrained. Some areas are less well constrained, such as the middle continental

crust beneath the shelf edge and the landward part of the lower continental crust, where

only limited refraction phases appear as clear arrivals. The velocities for the oceanic

layer and the faulted blocks are also poorly parameterized due to the reduced ray

coverage over this area caused by rough basement topography. The boundaries for

upper continental crust and layer 2 and the HVLC layer are well parameterized while

the middle and lower continental crust and Moho are less well constrained. These

results were only based on the refraction data. However, the velocity model boundaries

are better defined because the major reflections (e.g. basement and Moho) within the

coincident MCS sections were used to constrain the model (lower panel, Figure 2.9), but

were not included in the error analysis.

2.5.3 Gravity Modeling

To verify the consistency of the velocity model with the observed gravity data, 2D

gravity modeling (algorithm of Talwani et al. 1959) was performed along Line 2. The

observed gravity data are the satellite-derived free-air gravity anomaly (Sandwell and

Smith 1997). The initial density model (Figure 2.1 Ob) was derived from conversion of P-

wave velocity to density by using the empirical formula of Ludwig et al. (1970). To fit

the regional gravity background, a density of 3.33 Mg/m3 was used for the sub-

continental mantle up to a distance of 249 km, whereas a mantle density of 3.31 Mg/m3

was used farther seaward. This is consistent with the gravity model for Line 1 (Funck et

al. 2004). The density of the salt units was reduced from 2.4 Mg/m3 to 2.15 Mg/m3,

which is consistent with measurements from Scotian Basin wells (Shimeld 2004). With
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Figure 2.10. 2D gravity modeling for Line 2. Top section (a) is the comparison of the
observed and computed gravity anomalies shown by cross-hatched and green lines,
respectively. The red line is the computed gravity anomaly from an alternative model
shown by dashed line in (b). Middle section (b) is the density model directly converted
from the P-wave velocity model (Figure 2.8) by using the velocity-density relationship of
Ludwig et al. (1970). To fit the observed gravity anomaly in (a), the density for the upper
mantle beneath the oceanic crust and highly thinned continental crust is reduced from
3.33 Mg/m3to 3.31 Mg/m3 across the dotted line, and salt density is reduced from 2.4
Mg/m3 to 2.15 Mg/m3 (indicated by the shaded region). Modifications are shown in
parenthesis. Densities for sedimentary layers vary from 1.82 Mg/m3 to 2.5 Mg/m3.
Densities in the model are given in Mg/m3. To improve the fit at the shelf edge, an
alternative model with the mantle 1.5 km shallower in this region (indicated by the
dashed line) reduces the misfit of gravity anomaly (red line in panel a), but it decreases
the fit of OBS data in this region (see Figures 2.4, 2.A3 and 2.A4). Bottom section (c) is
the lithostatic pressure (solid line) at the base of the model at depth of 40 km, with a
dashed line indicating the lithostatic pressure of the alternative model.
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