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Introduction

Here, I present a case study of azimuthal moveout analysis for determining the fracture strike using crossed 2D lines
selected from repeated surveys of di�erent vintages. The dataset is from the Fife �eld in the North Sea, and consists
of four intersecting lines. Two of the lines were acquired in 1982 with water gun, and the other two were acquired
in 1992 with air gun. The target is a fractured-chalk layer, and the overburden is a massive isotropic thick claystone
(MacBeth et al. 1997). The geological settings are favourable for testing azimuthal P-wave technology.

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)
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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
�t02 = A sin 2� = �(�t2 � cos 2'0�t1)= sin 2'0; (3)

tan 2� = sin 2�= cos 2� = �t02=�t1: (4)

Thus, for the four line con�guration in Figure 1, the cross plot of �t1 versus �t02 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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The summation is over all o�sets. Note that the solution to � is non-unique, and that the main ranges of �0 are
(��=4; �=4).

Results and conclusions

I pick the residual moveouts of the bottom chalk interactively at 2.5s for all four lines (Figure 2), and calculate
�t1(x) = Line 3� Line 1 , and �t2(x) = Line 4� Line 2. I then use equation (3) to obtain �t02, and cross-plot
�t02 versus �t1 (Figure 3). Figure 3 reveals a trend close to the �t02 axis. The angle calculated using equation (5) is
2� � n�=4.

To conclude, cross-plot analysis of azimuthal moveout response from orthogonal lines is a robust technique for
detecting the fracture strike from marine streamer data of various vintages. Care has to be taken to eliminate
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unreliable picks of moveouts in far o�set. A prior knowledge of the overburden and the target is also essential.
Careful velocity analysis and moveout correction are required to ensure that the event corresponding to the top of
the target interval is properly aligned, and that the over- or under-correction is consistent among all gathers.
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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 �t02(x)
obtained from Figure 2.

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


