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Introduction

Recently, the use of P -waves for fracture detection has attracted considerable interest. This includes az-
imuthal P -wave AVO (Mallick et al. 1996), azimuthal NMO velocity (Sena 1991 and Tsvankin 1995), and
azimuthal moveout analysis (Li 1997). Here, I extend Li (1997) to marine streamer data and present a tech-
nique for determining the fracture strike using crossed 2D lines selected from repeated surveys of di�erent
vintages. A dataset from the North Sea is used to illustrate the technique.

Theory and method

Assume a fractured layer with azimuthal anisotropy overlaid by a weakly anisotropic overburden. Consider
two orthogonal line-azimuths at angles � and � + �=2 to the fracture strike, respectively. The azimuthal
di�erence of the interval moveout for the fractured layer between these two lines can be written as (Li 1997)

�t(�; x) =
x� 2x1
vp0

cos 2� sin �
�
2�� � � (�� �) sin2 �

�
= A(x; �; �) cos 2�; (1)

where x is the source-receiver o�set, x1 is the o�set of the transmission point at the top of the fractured
layer, � is the incidence angle at the bottom of the layer, vp0 is the interval vertical velocity, and � and
� are the Thomsen parameters (Thomsen 1986) for the fractured layer.

Consider another pair of orthogonal lines separated by an angle '0 from the �rst pair (Figure 1), yielding

�t1 = �t(�; x) = A cos 2�; �t2 = �t(�+ '0; x) = A cos 2(�+ '0): (2)

This leads to
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Thus, for the four line con�guration in Figure 1, the cross plot of �t1 versus �t0
2
shows a linear trend,

indicating the direction of 2�. A least square analysis of the cross-plot can be used to estimate the fracture
strike as,
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Results and conclusion

Figure 1 shows the location and directions of the four seismic lines in the Fife �eld in the North Sea. The
four lines form two orthogonal pairs separated by 15�. The target is a fractured-chalk layer and the top-chalk
event is almost at after moveout correction (Figure 2). I pick the residual moveouts of the bottom chalk
interactively at 2.5s for all four lines, and calculate �t1(x) = Line3� Line1 , and �t2(x) = Line4� Line2.
I then use equation (3) to obtain �t0

2
, and cross-plot �t0

2
versus �t1 (Figure 3). Figure 3 reveals a trend

close to the �t0
2
axis, indicating that the fracture strike is along the direction of Line 2. The angle calculated

using equation (5) is 1�. This agrees with the AVO analysis of MacBeth et al. (1997).
To conclude, I have presented an e�ective processing technique for determining the fracture strike based

on a con�guration of four intersecting survey lines (Figure 1). The four lines form two orthogonal pairs, and
the fracture strike can be obtained by analyzing the cross-plot of the two corresponding pairs of di�erential
interval moveouts. The method may be particularly useful for marine exploration where continuous azimuthal
coverage is often not available.
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Figure 1: Map of the four seismic lines. Lines
1 & 3 intersect each other at CDPs 420 (Line 1)
and 440 (Line 3), and Lines 2 & 4 at 730 (Line
2) and 830 (Line 4).

Figure 3: The cross-plot of �t1(x) versus
�t0

2
(x) obtained from Figure 2.

Figure 2: The CDP gathers at the intersecting points of the four lines in Figure 1.


