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ABSTRACT

In the Canadian Beaufort Sea, high-quality conventional P-wave reflection seismic

data are difficult to obtain because of a severe screening effect of a shallow layer of ice-

bearing permafrost. Multiconverted reflections (PSPPSP) were studied in this thesis

project in order to evaluate images of reflections underlying a high-velocity layer. Acoustic

seismic physical modeling and numerical modeling experiments were undertaken for

multiconverted reflection (PSPPSP) recognition and analysis. Both the physical and

numerical modeling results indicate that values of the S-wave velocity in the high-velocity

layer and of the P-wave velocity in deeper layers are the most important quantities affecting

the multiconverted PSPPSP reflection amplitude. Based on these investigations, two lines

of field data (datasets A and B) from the Canadian Beaufort Sea were processed. From this

field data study, it was concluded that analysis of the multiconverted reflections is very

critical for the data interpretation in this environment, especially for the shallow section.
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Chapter 1: Introduction

1.1 Introduction

In some sedimentary basins of the world, a high-velocity layer (e.g., carbonate,

salt, volcanics, anhydrite or permafrost) occurs at or near the surface. Seismic data

quality is usually degraded by this high-velocity layer due to many factors, such as

energy scattering and reverberation in the high-velocity layer, seismic wave reverberation

in a low-velocity layer which may overlie the high-velocity layer, and weak energy

transmission through the high-velocity layer.

During Pleistocene glacial cycles, sea level in the Canadian Beaufort Sea was up

to 100 m below present sea level (Poley et al., 1989). Delta plain deposits were thus

exposed to Arctic climatic conditions. As a result, sediments on the Canadian Beaufort

Sea shelf became ice-bonded to a depth varying from 10 m to 600 m (Poley et al., 1989).

The P-wave velocity in the ice-bearing permafrost can be twice as much as that in the

surrounding sediments. Seismic data recorded in areas affected by ice-bearing permafrost

are generally of poor quality. Poor penetration (between the high-velocity ice-bearing

permafrost and the low-velocity surrounding sediments) and reverberation (between the

top and the bottom of the ice-bearing permafrost layers) are two factors causing poor data

quality (Poley et al., 1989).

In some areas of the Canadian Beaufort Sea, several ice-bearing permafrost layers

overlie one another (Poley and Lawton, 1991). Due to the high impedance contrast at the

top of the shallowest layer of ice-bearing permafrost, it is not easy to image the bottom of

this layer, nor to image the top and bottom of the second (and deeper) layers of ice-

bearing permafrost. It is desirable to obtain improved reflections from the permafrost

sequence because the distribution of permafrost has a strong influence on gravel mining

and drilling in this area (Poley, 1987; Poley et al., 1989).


