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Summary 
 
In areas like the Atlantic Margin high-velocity basalt layers 
hamper the imaging of possible hydrocarbon reservoirs 
beneath them. The sea surface and the high reflectivity of the 
basalt-sediment interfaces generate multiples that heavily 
contaminate the primary near-offset P-wave reflections. The 
proposed solution of using locally converted waves in 
conventional streamer data appears to be non-viable even in 
an ideal geological setting. These wave types have far less 
energy than the P-wave modes. We investigate the use of 
alternative acquisition methods to try to use PS- and S-
waves. We also show that the thin layering of high and low 
velocity rocks within the basalt sequence has a profound 
high-cut filtering effect on the frequency content of sub-
basalt reflections.  
 
Reflected Wave Response 
 
The P-wave is usually used for imaging of sediments in 
streamer data, but one has to overcome the contamination of 
sea-surface multiples at near offsets (Longshaw, 1998). In 
areas covered by basalts the multiples can substantially 
degrade the imaging of primary P-wave reflections. 
Therefore one may concentrate on the less disturbed mid to 
far offsets and try to use locally converted waves (Purnell, 
1990). There are three converted-wave modes of interest: 
PSP, PSS, and PPSSSSSP. The PSP wave travels in S-mode 
inside the basalt sequence and in P-mode outside the basalt. 
The PSS-wave travels as P above the basalt and as S beneath 
the top of the basalt. The PPSSSSSP travels down to the top 
of the basalt in P-mode and from there only in S-mode except 
inside the water layer. All our calculations show that the 
PSS-wave is the weakest of these three. The PSP-wave is the 
strongest converted wave for a homogeneous basalt layer 
(Hanssen, 2000). Like the PSS-wave it reaches maximum 
amplitude when the S-wave velocity of the basalt equals the 
P-wave velocities of the surrounding sediments. Figure 1 
shows that this far-offset maximum occurs only in a very 
limited window of offset and velocity ratio. 

 
 

 
Figure 1: Effective reflection coefficients for a P-
wave (PPP) and a locally converted wave (PSP) reflected 
at a sub-basalt sedimentary interface and recorded at the 
surface above the basalt over varying S-wave velocity of 
the basalt and incident angle. 
 
It also demonstrates that the P-wave amplitude is at least 
twice the amplitude of the converted wave. Additionally the 
amplitude varies only slightly for different P- to S-wave 
velocity ratios. As we know, the basalt sequence in the North 
Atlantic margin consists mostly of multiple thinly layered 
basalt flows alternating with low-velocity sediments 
(Shipboard Scientific Party, 1994). To use PSP and PSS 
modes we require that the S-wave velocity of the basalt 
equals the P-wave velocity of the sediments. This 
requirement is unlikely to be met in practice. Therefore PSP 
and PSS waves are poor candidates for sub-basalt imaging. 
Theoretically the PPSSSSSP wave is the converted mode 
with the strongest amplitude, but we have found that the P-
wave amplitude is an order of magnitude greater than the 
PPSSSSSP mode. We also observe that the interbed multiples 
between top basalt and sea bed and between base basalt and 
sub-basalt interfaces have greater amplitude than any 
converted wave. 
 
 
 



The Influence of Acquisition Methods 
 
A study of a reverse shooting experiment using two-boat 
acquisition shows that the positioning of receivers varied by 
as much as 500 m, which is intolerable. Without much better 
control of the streamer, this method is unusable for high-
resolution reflection profiling. To use more wave modes for 
sub-basalt imaging, modelling studies show that we would 
expect significant PS-wave energy using OBCs and 
additional S-wave energy if a seabed shear-wave source were 
deployed. Because this is very expensive, one should at least 
extend streamers to 12 km length and boost the signal-to-
noise ratio as much as possible. 
 
Frequency Dependent Sub-Basalt Response 
 
The thin-layered structure of the flood basalts makes it 
necessary to boost the low frequency content of the 
recordings (Mack, 1997). Figure 2 shows the decrease of the 
amplitude ratio of the P-wave reflections from the top basalt 
and a sedimentary sub-basalt interface over frequency. 
 

 
Figure 2: Amplitude ratio between top-basalt and 
sub-basalt P-wave reflection over centre frequency of a 
Ricker wavelet. 
 
We show that it is necessary to design the acquisition set-up 
to accommodate low frequency recording and production. 
This includes the boost of low frequencies by the airgun 
array and the lowering of the sources and streamer to 
enhance the source and receiver ghosts at low frequencies. 
Modelled shot-gathers show that deeper placed hydrophones 
and low-frequency source-arrays increase the amplitude of 
sub-basalt P-wave reflections. 

Conclusions 
 
For a homogenous basalt layer the PSP-wave has the 
strongest amplitude of the locally converted waves when the 
S-wave velocity of the basalt is close to the P-wave velocities 
of the surrounding sediments. For thinly layered basalts the 
PPSSSSSP-wave takes on this role and the PSS-wave is 
again the third strongest. But overall, the simple P-wave has 
the best potential of all the reflected waves to image beneath 
a basalt sequence. Its amplitude is at least double the 
amplitude of any locally converted wave and is less 
dependent on the P- to S- wave velocity ratio. To improve the 
energy content of sub-basalt S-wave reflections we would 
need OBCs and perhaps even sea bed S-wave sources. We 
have also shown that the two-boat method is currently too 
inaccurate for imaging beneath the basalt. Thinly layered 
basalt sequences act as a high-cut filter allowing only low 
frequencies to pass. This makes it necessary to use a low-
frequency setting for acquisition. 
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