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Introduction

This document contains supplementary material to the main article, documenting
the complete wide-angle seismic data set, interpretation, ray tracing models, and
travel-time fit. For completeness and context, some figures from the main paper are
repeated here. The data is presented in the same sequence as it is discussed in the
paper. Profile location is shown in Fig. 1, instrument locations in Fig. 2. Seismic
phases constraining the crystalline crust are indicated for each data set (P, : upper
basement refractions, P, and P,5: middle crustal refractions, P,4: lower crustal
refractions, P,,P: reflections off the Moho).

The processing of the data consists of de-biasing, band-pass filtering (6 to 12 Hz),
spiking predictive deconvolution, and amplitude gain scaling (AGC). The P-wave
data is velocity reduced by 8.0 km s—t. The first shots were not recorded by the
land stations because they were not in place before after the shooting commenced.
Most land stations can record offsets up to 150-200 km, which appears adequate
compared to the OBS/H station coverage.
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Fig. 1. The study area across the Trgndelag Platform, off mid-Norway. The shot lines
of Profile 3-03 and 4-03 discussed in the paper are shown as bold red lines with purple
hexagons marking OBS/OBH receiver positions, inverted triangles marks the land stations.
Other OBS/H profiles from the Euromargins 2003 survey are shown by red lines, older sur-
veys by black lines. The geological base map is from Blystad et al. (1995), while the pro-
posed offshore continuations of the Kollstraumen and Nesna Detachments are from Olesen
et al. (2002), and the Hgybakken Detachment from Skilbrei et al. (2002). CNBW: Central
Norway Basement Window, HD: Hgybakken Detachment, KD: Kollstraumen Detachment,

ND: Nesna Detachment. 2
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Fig. 2. Gravity map based on ERS-1 and Geosat satellite data, ship track data, and land
measurements (Skilbrei et al., 2000). Offshore gravity is Free-Air, onshore data is Bouguer
corrected (density 2670 kg m~3). Survey navigation with instrument positions are shown in
red, other OBS survey navigation in black. The 500, 1000, and 1500 m bathymetry contours
are also shown together with proposed offshore extensions of detachments (Skilbrei et al.,
2002; Olesen et al., 2002). Shaded relief is illuminated from the NW. CNBW: Central
Norway Basement Window, EL: Eastern limit lava flows, VE: Varing Escarpment. Outlines
of structural elements (dotted) are from Blystad et al. (1995) (Fig. 1).
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Profile 4-03

The profile has data from 11 OBS/Hs and 6 land seismometers (Figs. 3-19). These
are OBS/Hs 33-40, 42, 45, 46, and land stations 1, 2, 4, 5, 7, 9. Data and models
are presented from NW to SE, starting with OBS 46. The velocity model used for
the ray tracing is shown in Fig. 20.
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Fig. 3. OBS 46, Profile 4-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 4. OBS 45, Profile 4-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 5. OBS 42, Profile 4-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 6. OBS 40, Profile 4-03. A: OBS data, vertical component. Parts of the data were lost
due to recording failure. B: Interpretation (vertical bars) and model travel-time (lines) fit.
C: Ray-tracing of the velocity model.
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Fig. 7. OBS 39, Profile 4-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 8. OBH 38, Profile 4-03. A: Hydrophone data. B: Interpretation (vertical bars) and
model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 9. OBS 37, Profile 4-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. PoP: Intra-basement reflections. C: Ray-tracing of
the velocity model.
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Fig. 10. OBH 36, Profile 4-03. A: Hydrophone data. B: Interpretation (vertical bars) and
model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 11. OBS 35, Profile 4-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 12. OBS 34, Profile 4-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 13. OBS 33, Profile 4-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.

14



>
o

|Profile 4-03: L 1, vertical |

T-D/8 (s)

8,
0 50 100 150 200 250
L L L

[

T-D/8 (s)
(&)}

Distance (km)

Rl P,
:

___SE
o) \\\§§§\\\\§\\ A/

= 15- \ |
S o) . |
S \\\\%iiiiii\\\\\\\\\\\\\\\
30 - o }
35 - 3
10| P-wave Proflle 4-03: L 1 Dlstance (km) 1

0 50 100 150 200 250 300 350

Fig. 14. Land station 1, Profile 4-03. A: Seismometer data, vertical component. B: Inter-
pretation (vertical bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity

model.
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Fig. 15. Land station 2, Profile 4-03. A: Seismometer data, vertical component. B: Inter-
pretation (vertical bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity
model.
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Fig. 16. Land station 4, Profile 4-03. A: Seismometer data, vertical component. Much of the
data was lost due to recording failure. B: Interpretation (vertical bars) and model travel-time
(lines) fit. C: Ray-tracing of the velocity model.
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Fig. 17. Land station 5, Profile 4-03. A: Seismometer data, vertical component. Part of the
data near the end of the profile shooting was lost due to recording failure. B: Interpretation
(vertical bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 18. Land station 7, Profile 4-03. A: Seismometer data, vertical component. Part of the
data near the end of the profile shooting was lost due to recording failure. B: Interpretation
(vertical bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.
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Fig. 19. Land station 9, Profile 4-03. A: Seismometer data, vertical component. B: Inter-
pretation (vertical bars) and model travel-time (lines) fit. PoP: Lower-basement peg-leg
reflection. C: Ray-tracing of the velocity model.
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Profile 3-03

The profile has data from 12 OBS/Hs and 5 land seismometers (Figs. 21-37). These
are OBS/Hs 21-32, and land stations 2, 3, 6, 8, 10. Data and models are presented
from NW to SE, starting with OBS 32. The velocity model used for the ray tracing
is shown in Fig. 38.
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Fig. 21. OBS 32, Profile 3-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.

22




>

O O ©W O NO O WN = O

T-D/8 (s)

120
Distance (km)

SN

140

—_

[

14

P-wave ProfileI 3-03: OBS 31 . Distancel(km) | |
0 50 100 150 200 250

Fig. 22. OBS 31, Profile 3-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.

23



>

R

T-D/8 (s)

—_

[Profile 3-03: OBS 30, vertical

0 20 40 60 80 10 120 140 160 180 200
Distance (km)
2_ 1
. 3- N
Ot - RN
® 5 g1 I Rs
m) I g
- el i
74 T MM&%W
o
NwW  BP AP SE

N

IIIIZ/Q//Z///////

N Jin i /7
s~/ /7/7'/7//'///////////////?/

N

|

|

|

e I
= 20 - 7 |
8 25 - N i
30 - 3
- . |
40 L P-wave Profile 3-03: OBS 30 Distance (km) !

T T T T T
0 50 100 150 200 250

Fig. 23. OBS 30, Profile 3-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.

24



3

2

3
ot
X 5+
2 o]

74

8-

9+

o 0 20 40 60 80 100 120 140 160 180 200 220
1. Distance (km)

2_
—_ 3_ I P1
L 4 M"“H‘a )
2 54 . "y A‘

P
T LN
AP SE

P-wave ProfileI 3-03: OBS 29 . Distancel(km) | |
0 50 100 150 200 250

Fig. 24. OBS 29, Profile 3-03. A: OBS data, vertical component. B: Interpretation (vertical
bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity model.

25



°F
1
2
3
DS
© 5
2 ¢
7
8 +
91
10 ki DI PP LA WA AN . o ~ i AT PR LR kA N T o iy SR e e Gy 2
0 0 20 40 60 80 100 120 140 180 200 220
1 1 1 1 1 1 1 1 1 1
1. Distance (km)
2 M/
— 31 R
L 4 Ll
2 5 M
T 64 LTI I I |
= L1
7 - iy
8 ] iy
9_ D
RP AP SE

TN Z /////////‘/‘/W//I/ 7
\\\Q\\ \\\\\\\\

|

I

I

I

I

I

I

) . I
I

I

I

I

I

T

I

I

|

P-wave ProfileI 3-03: OBS 28 . Distancel(km) | |
0 50 100 150 200 250
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Fig. 32. OBS 21, Profile 3-03. A: OBS data, vertical component. B: Interpretation (vertical
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Fig. 33. Land station 2, Profile 3-03. A: Seismometer data, vertical component. B: Inter-
pretation (vertical bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity
model.
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Fig. 34. Land station 3, Profile 3-03. A: Seismometer data, vertical component. B: Inter-
pretation (vertical bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity

model.
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Fig. 35. Land station 6, Profile 3-03. A: Seismometer data, vertical component. B: Inter-
pretation (vertical bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity

model.
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Fig. 36. Land station 8, Profile 3-03. A: Seismometer data, vertical component. B: Inter-
pretation (vertical bars) and model travel-time (lines) fit. C: Ray-tracing of the velocity
model.
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Fig. 37. Land station 10, Profile 3-03. A: Seismometer data, vertical component. Part of the
data was lost due to recording failure. B: Interpretation (vertical bars) and model travel-time
(lines) fit. C: Ray-tracing of the velocity model.
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Fig. 38. Upper panel: Observed gravity (heavy line), magnetic anomalies (dashed blue line)
along Profile 3-03. Lower panel: Gridded crustal velocity model of Profile 3-03. The parts
of the model not covered by rays are masked. Floating reflectors are not included in the
ray-coverage. Contour interval within the basement is 0.1 km s~!. The intersection of the
profile (Fig. 2) with the proposed offshore extension of the Hgybakken Detachment (HD)
(Skilbrei et al., 2002) is indicated. BFC: Bremstein Fault Complex, FB: Froan Basin, KFC:
Klakk Fault Complex.
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Modeling fit statistics

Summary of underground ray coverage (Fig. 39). High ray hit counts indicate well
constrained parts of the models. The fits to individual phases constraining the base-
ment part of the models are listed in Tab. 1.
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Fig. 39. Ray hit count for 2.5x0.25 km grid cell size for Profile 3-03 and 4-03. Reflections
from floating reflectors do not constrain velocity and are not included.
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Profile 3-03 Data points RMS AT (ms) Normalized x°

Sedimentary strata 528 75 0.595
Crystalline basement (incl. P;P) 3263 143 0.730
Moho and upper mantle (PP & P,,) 328 201 0.995
Profile 4-03 Data points RMS AT (ms) Normalized x°
Sedimentary strata 607 86 0.862
Crystalline basement (incl. P,P) 2424 134 0.929
Moho and upper mantle (Py,P & P,,) 519 135 0.779
Table 1

Fit statistics for the phases constraining main parts of the velocity models.
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