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Abstract

To clarify the fractal properties of the densely distributing earthquakes beneath the Kanto district in Japan,
we systematically derive earthquake clusters most of which are composed of microearthquakes. Hypocenters
are relocated using an elaborate method that is based on routinely observed data. A total of 13,812 hypocenters
with a high degree of accuracy were used for fractal analysis. To identify clusters from densely distributed
hypocenters we used a link method by applying a declustering algorithm. As a result, it was possible to identify
29 sets of clusters in which all the hypocenters were linked within a mutual distance of =1.5km. The spatial
distribution of the hypocenters and fractal properties were examined for relatively large clusters each of which
contains more than 100 hypocenters. Fractal dimensions, D, were obtained using a box counting method. A
clear tendency showing that D increases with the number of hypocenters was observed. On the other hand,
D is negatively correlated both with hypocenter density, which is defined as the number of hypocenters divided
by the total volume occupied by the hypocenters, and with the focal depth of the cluster. D was observed to
range from 1.5 to 1.9, suggesting that each cluster is constituted of hypocenters that are distributed with some
plane-like or linear geometry. The remaining declustered hypocenters are on the whole distributed three
-dimensionally and D was obtained to be approximately 2.3.

Key words : Earthquake clusters, Fractal analysis, Link method, Hypocenter distribution in the Kanto area
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Fig. 1 Epicentral distribution of earthquakes in the Kanto area (April 1, 1986-May 31, 2000, M =
1.0, depth=100 km). On the basis of relocated hypocenters, the analysis is restricted to
earthquakes within the rectangular area with small hypocenter errors and M =2.0.
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Fig. 2

Comparison between the relocated and routine hypocenters of earthquakes within the

rectangular area shown in Fig. 1. (a)Distributions of hypocenter errors (dt : origin time
error in second ; dx, dy, dz: errors in EW, NS and vertical directions in km, respectively).
(b)Histogram of hypocenter depth at 5 km intervals.
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Fig. 3 The magnitude-frequency distribution of
earthquakes in the rectangular area shown in
Fig. 1 and the b value obtained for M =1.95.
Crosses and open circles are the frequency and
cumulative frequency of M at 0.1 intervals,
respectively.
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Fig.4 A schematic diagram illustrating the link
method used to derive the clusters. Earth-
quakes containing more than NI events within
a distance, R, are selected as the first cluster.
Then other earthquakes within the distance R
and containing more than N2 events for all
events exceeding NI are added to the previous
cluster. The same procedure is repeated for
all events exceeding N2, and so on. Details are
described in the text.
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Fig. 5 Spatial distribution of earthquake clusters derived using the link method (magenta) and

other non-clusters (green). In total 29 sets of clusters were derived by setting R =1.5 km,
NI=20 and N2=5 using the algorithm showing in Fig. 4.
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Epicentral distribution of clusters (magenta) and non - clusters (green), together with
vertical cross-sections of hypocenters in the rectangular boxes A, B and C. Numbers
assigned to clusters correspond to the cluster number shown in Fig. 7.
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Fig. 7 Hypocenter distributions of 17 sets of clusters (C1-C17) derived using the link method and
containing the number of hypocenters, #, exceeding 100 are projected on the surface of the
covering rectangular prisms. The three numerals show the lengths (km) of the sides of the

prism.
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Fig.8 Results of fractal analysis using a box counting method for the 17 sets of clusters. The

fractal dimension, D, of each cluster is obtained from the slope of the linear limit of log
L versus log N as shown by two vertical lines. Event density, o, (events/km?®) is the
number of hypocenters per unit volume estimated from the total number of boxes having
length L=1km and including at least one hypocenter. Though the fractal dimension D
has a tendency to increase with the total number of hypocenters, #, the largest value is
D=1.92 at most and does not exceed D=2.
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