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Application of aeromagnetic crossover analysis for
detecting the change of magnetic anomaly

T.Nakatsuka and S.Okuma
(Geological Survey of Japan, AIST)

Abstract: Helicopter-borne magnetic survey is expected to contribute to the elucidation of the
volcanic structure and the change of its activity. It is rather easy to conduct surveys at different
epochs. However, the track lines of different surveys cannot be the same, and the inspection to
the repeatability and the spatial alias effect of magnetic anomaly pattern is quite important to
acquire valid information of the activity. To overcome this difficulty, we investigated the method
of retrieving the magnetic anomaly change. We applied a technique of expanded crossover
analysis, and it was proven that the spatial alias effect could be mitigated by this technique.
However, the most essential solution to escape from alias effect is to acquire sufficiently dense
cbservation data (narrow survey line spacing) with regard to the actual magnetic anomaly, which
is well correlated to the flying altitude.
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Fig. 1 Magnetic profile (top) and topography (bottom) along E-W cross-
section across magnetic anomaly peak of [zu-Oshima Volcano. Open and
closed circles correspond to 1978 and 1986 survey lines. Apparent
difference between the two surveys (broken line against solid line on the left)
was interpreted as the spatial alias effect as shown on the right. (Nakatsuka ez
al., 1990)
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Fig. 2 Magnetic anomaly difference of Unzen Volcano between two surveys, GSJ

E/o, 1990 FICIFE oK 1991 and NEDO 1981, with 10nT contour interval. NEDO 1981 survey data was

il EDMEkicxt LT, 1991 & upward continued to the same altitude as GSJ 1991 survey, and track line paths of

. NEDO 1981 survey are drawn as thick lines. All the peaks are located between

5 ARy BERE THIE NEDO survey lines and in the zone of high-gradient magnetic anomaly, suggesting

2300m - RIEUEIRE S00m Dz the inaccuracy of NEDO data between lines, which is equivalent to the spatial alias
effect. (Nakatsuka, 1994)
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Fig. 3. Synthetic model example of reduction by the method of expanded crossover correction without pre-conditioning for
unknown parameters. 16 lines in L (with the ahitude values are written in) were assumed to be the survey lines, on which
synthetic anomalies were calculated, but data of 8 lines were shifted by the amount as written in. T is the theoretical anomaly
on the smooth observation surface H caused by the source model (shown in H). If the reduction process without crossover
correction is applied, the result shall be as in G, although error-free data would give correct result as in F. €1, C2 and C3
are the results from the reduction with crossover comection, for three cases under the condition of (1) line-by-line level shift
only, (2) linear variation in each line, and (3) variable at each crossover points (linear change between adjacent points),
respectively. C1 almost completely recovers the theoretical pattem, but €2 and C3 do not. This is reasonable from each
condition, that is, linear trend is eliminated in the condition (2), which is also shown in D2 from emror-fiee data, and the
condition (3) diminishes the pattem of polyhedral surface represented by crossover points.
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Fig. 4. Result of three cases of reduction by the method of expanded crossover comrection with pre-conditioning for unknown
parameters, applied to the same synthetic model example as in Fig.3.
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Fig. 5. Test of extracting the magnetic anomaly change by the method of expanded crossover correction, applied to the
synthetic model example. 12 NS lines and 12 EW lines in L (with the altitude values are written in) were assumed to be the
two surveys at different epoch. The source model is given in H, where a negative source3 is present only for EW lines. A
and B are the synthetic anomalies on the smooth surface H for the source of EW lines and NS lines, respectively, and the
theoretical difference between the two (A-B) is shown asM. From the result of expanded crossover correction, the magnetic
anomaly change was estimated as C, which is a pretty good approximation to the ideal pattem M. On the other hand, the
simple reductions to the common surface H were calculated from EW lines as E, and from NS lines as F. Although the
difference D between E and F is another estimate of the magnetic anomaly change, D is contaminated with noises probably
because of spatial alias effect.
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Fig. 6. Same as Fig. 5 for the case of narrower line spacing. The spatial alias effect is suppressed in the difference D between
the two reductions (E and F) to the common surface H.
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