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Observation of Gravity to Reveal a Buried Fault 

    Associated with the Fukui Earthquake
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Abstract

   Gravity observation was carried out in and around the Fukui plain to locate a buried fault as-
sociated with the Fukui Earthquake on June 28, 1948. 

   By a two-dimentional analysis of the Bouguer anomaly, a fault with a vertical offset of 200 m 
was revealed beneath the fissure zone that was formed at the time of the Fukui Earthquake. This 
offset value suggests that the Fukui Earthquakes other than the event in 1948 took place repeatedly 
in the past and were associated with the present fault.

 I. Introduction

   The Fukui Earthquake occurred on June 28, 1948 with a magnitude of 7.3 in 
Fukui  prefecture'). The number of persons killed was 3769 and more than twenty 
thousand persons were  injured2). Houses collapsed and railway tracks and roads 
seriously damaged, especially near the epicentral area, where  100% of the houses 
totally  collapsed2). 

   No active fault was found in and around the Fukui plain by eye witness, whereas 
many cracks and fissures were found in the plain, and some of them formed fissure 
zones of a few kilometers long.') The existence of an underground fault associated 

with the event was pointed out by precise leveling surveys soon after the  earthquake.') 
The results show a subsidence of the ground in the western part of the plain, and an 
uplift in the eastern  part'). A deformation boundary that separates these two parts 
strikes north to slightly west, about 3 km west of Maruoka town. The maximum 

 value of the relative vertical movement between the neighboring leveling points 
across the boundary was 70  cm"). A focal mechanism study of this event shows 
that the earthquake was of a strike-slip type, one of the nodal lines trending 

N  10°E31. This mechanism agrees well with the strike of the boundary mentioned 
above. Kanamori  (1973)4) showed a fault model by comparing synthetic seismograms 
with the records obtained at the Abuyama Seismological Observatory. He stated 
that the fault plane was vertical with an area of 30 x 13 km2. But he also pointed 
out the possibility of the fault dipping steeply to the east. 

   The recurrence intervals of large earthquakes in the Japanese islands might be 
between 1000 and 10000  years'''), so it is possible that the previous Fukui  Earth-

quakes took place repeatedly associated with the same fault as the present event in
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1948. If so, the accumulated dislocation of the vertical component would exceed 
some 100 m in these one million years or so, and the offset is enough to be detected 
by a sensitive gravimeter. Kono et al.  (1982)7) and Kono et al. (1982)8) have re-
vealed a  Bauguer anomaly map over the northern part of central Japan by 
compiling their own data and others'. Kono et  al.  (1981)9) showed a possible under-

ground structure in the region of the Fukui Earthquake. But their observation 
points were not distributed densely enough to conclude the accumulation of ver-
tical dislocations by repeated earthquakes. The aims of the present work are to 
find out the location of the fault and to estimate the accumulated dislocation by 

gravity observations at densely distributed points. 

2. Observation and Data Processing 

   Observations were carried out twice at the points in Fig. 1. The first one was 
in August 1980 to find a rough image of the plain and the buried fault. The 
other was in July 1982 to delineate a more detailed structure. Observation points 
are grouped into  0, E, K, S and F lines symbolizing Oono city, Eiheiji-temple, 
Katsuyama city, Sabae city and the fault itself, respectively. Observations along  
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     Fig.  I. Map of observation points. They are grouped into F, K, E, 0, S and X lines. 

            Dashed lines indicate the locations of earthquake faults after the Research 

            Group for Active  Faults10). These are recognized as active faults by the dis-

            tribution of cracks and fissures and by the results of the precise leveling surveys 

            soon after the Fukui Earthquake.
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F line alone were carried out in 1982, and the others in 1980. 
   The complete Bouguer anomalies at the observation points are listed in Table 

1, together with their locations, heights and correction terms. The line of X is 
also shown in Fig. 1 as the westward extended route of  0 line, but their values are 
omitted from the table, since the results have already been treated with in another 

 paper"). K line and  X-0 lines traverse over the fault, and E and S lines are 
additional routes to study the general features of the region. The observation points 
were chosen from the bench marks, leveling points, and spot heights in precise topo-

graphic maps, such as the Topographic maps of 1:25000 issued by the Geographical 
Survey Institute (GSI) and Town planning maps of the town offices. The distance 
from one observation point to another was settled on 500 m, if possible. The heights 
of the observation points are presented in these maps with a precision of 10 cm. But 
the accuracy which can be expected for the leveling points and spot heights may 

actually be 1 m or so, since at the time of observation it was often hard for us to find 
the very points which were plotted in the maps. In such cases, we chose a point 
that might be very near the plotted place, and used the value in the map as the height 
of the observation point. 

   Two LaCoste & Romberg gravimeters (Model G) were employed. One is 
 G-348 of Kanazawa University, and the other G-210 of University of Tokyo. A 

series of observations for G-348 started from the room 166 in the Department of 
Earth Sciences, Faculty of Science, Kanazawa University, where the gravity value 
had been determined as 

     g  = 979 857.990 (mgal). 

   And for  G-210, it started from the First Order Gravity Station at the Fukui 
Local Meteorological Observatory, and its gravity value was listed in JGSN  7511) 
as 

     g = 979 838.10 (mgal). 

   The observation was closed everyday at a bench mark near the observation 
lines. The whole series was terminated at the starting point and the observation 
was closed. The Normal Gravity was calculated using the formula by the Geodetic 
Reference System  196712): 

     r  = 979 031.85 (1 +0.005 278 895  sin21/,  +0.000 023 462  sin'ijr) (mgal), 

where  VP is the geographical latitude.  The atmospheric correction term (Atm) 
was calculated by the following equation, 

      Atm  0.87-0.00965 x  10' h (mgal), 

where h is the height of the observation point in meters. 
   The vertical gradient of gravity was assumed to be 0.3086  mgalirn, and the 

Bouguer correction was made by assuming 2.67  gicm3 for the mean density. The 
complete Bouguer anomaly was carried out by a computer program developed in
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  Kanazawa University (Kubo,  1980") and  Kona & Kubo,  1983'3), which basically 
  referred to Hagiwara  (1967)15). Thus the complete Bouguer anomaly is represented 

 by 

 =--  g—r  +Atm.  +0.3086h-27G  ph  ±  Tr, 

  where G, p and Tr denote the Gravitational constant, assumed density for the 
  Bouguer correction and the terrain correction term, respectively. The gravity 

  values measured by the two gravimeters at the same points showed 0.1 mgal or less 

  difference, which might be caused from the differences of the scale values. But 
  we neglected this since the differences were less than the accuracy of terrain cor-
  rection terms. 

  3. Results and Discussions 

     In Fig. 2, the east-west profiles of the Bouguer Anomaly for K and  X-0 lines 
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        Fig. 2. The Bouguer anomalies along K line and  X-0 lines with topographic profile 
               along K line. A fault should exist beneath the fissure zone rather than at the 

                east end of the plain.
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are plotted. The horizontal axis is the distance from 136°E. The topographic 

cross section along K line is also shown in Fig. 2. A common pattern can be seen 
in the two profiles; in the western half, the values of the Bouguer anomaly are posi-
tive, slightly decreasing towards the east and abruptly descending to negative values 
at a ratio of 1.6 to 1.9 mgal/km in the eastern part. These patterns can be explained 
by the undulation of the Moho or Conrad discontinuity or of the upper boundary of 
the granitic layer, as is mentioned by Furuse & Kono (1982)16). A trough of 
the Bouguer anomaly can be seen in the western half of the K and  X-0 profiles, 
with a magnitude of several mgals. The minimum value in the trough are observed 

in the midst of the Fukui plain, where Tertiary bed rocks are thickly covered by 
alluvial, diluvial and Tertiary sediments. The maximum thickness of the alluvium, 
however, is estimated to be about 30 m, which brings about only an 0.5 mgal change 
to the Bouguer anomaly, so the main part of the trough is due to deeper structures. 
The ascending Bouguer anomaly, which is seen between 17 to 27 km in the eastern 

part of the trough along K line, suggests the existence of a fault. This fault should be 
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      Fig. 3. a) Plots of the observed Bouguer anomalies along F line with synthetic ones 
             calculated on the underground structure shown in b). 

             b) A possible underground structure as a two-dimensional solution for the 
             observed Bouguer anomalies. Beneath the fissure zone there exists a fault 

            with a vertical offset of 200 m. Although the dashed line is a possible structure 
             (other structures are also possible), some abrupt change at the boundary be-

             tween the basement rock and sediment is needed to explain the observed data 
             for any one of the solutions.
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located at a distance of 22 or 23 km, rather than at 27 or 28 km where the active 
fault of Matsuoka lies. 

   Our second observation in 1982 was intended to find a more precise location of 

the fault and to estimate its vertical offset. Forty observation points were chosen 
and they formed F line at an average interval of 200 m, about 4 km north to the 

K line. This line lies mainly in the Fukui plain, and the difference of heights be-
tween  F  1 and F35 which are surrounded by rice fields is within 5 m. The Bouguer 
anomaly is shown in Fig. 3(a), in which we can find a larger gradient at the distance 
range of 22 to 23 km than in the plots of K line. This must be attributed to a 
shallow structure like the boundary shape of sediments, which could not be revealed 
without observations along F line. A possible underground structure is shown in 
Fig. 3(b), and the synthetic Bouguer anomaly curve is presented in the upper 
figure, calculated by a two-dimensional method after Talwani et al.  (1959)M. The 
model structure is derived as follows. A ramp shape structure associated with the 

granitic layer was taken to explain the increase of the Bouguer anomaly towards the 
east. The high gradient is supposed to be due to a fault which appeared as a step 
in the Tertiary bed rocks. The shallow sediments are assumed to consist of one 
layer with a density of 2.0  gime, although they consist of the alluvial, diluvial and 
Tertiary deposits. This treatment is justified because the effect of thickness of the 
alluvium to the gravity field was very small. Furthermore the boundary between 
the diluvial and Tertiary sediments has not been clearly shown by boring data. The 
depth to the upper surface of the granitic layer was fixed at 3 to 4 km, the values 

of which are often used in the hypocenter determination of microearthquakes in and 
around the present region. But this boundary can be shifted vertically without 

yielding significant modifications on the calculated gravity. Thus, we assumed a 
three-layer model with densities of 2.0, 2.4 and 2.67 after Furuse & Kono (1982)16), 
and looked for a suitable model by trial and error. A solution was found as is shown 
by the solid lines in Fig. 3(b), by which the calculated Bouguer anomaly agrees 
well with observed data. 

    The solution, however, is not unique as is often the case in underground struc-
ture analysis. For example, the step in the basement rock and sediments—that is 
the fault we are now seeking for—can be replaced by a slope as is drawn by the 

dashed line in Fig. 3. This replacement merely requires adding 0.3  regal to the 
synthetic curves near the fault and smaller values elsewhere. The vertical offset 
was obtained as 200 m on the above assumption of densities, but it can be reduced 
to 100 m when the density assumptions are changed within possible ranges. 

   Another possible case is that the surface of the granitic layer is perfectly flat, 
and that the Bouguer anomaly is fully caused by the upper boundary shape of the 
basement rock. Then the resultant offset would be greater than in the case shown 
in the figure. We have, so far, not taken into account the general tendency of 0.5 
to 1.0 mgal/km decreasing towards the east, which may be due to the Conrad or 

Moho discontinuity. The correction for this tendency, however, can be explained by
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increasing the amount of offset. After all, the model proposed here is a typical 
solution and it states that a fault with 200 m offset exists beneath the fissure zone 
that was found soon after the Fukui Earthquake. 

   The fact has not yet been considered that the gradient in the problem is highest 
in F line and is smaller in K or  X-0 lines. This is left for further studies. 

4. Conclusions 

   A gravity survey was carried out in and around the Fukui plain, and the Bouguer 
anomalies were calculated to complete the gravity map over the northern part of 
central Japan. A fault was revealed by analyzing the anomalies, which may have 
been formed by a series of Fukui Earthquakes. The accumulated vertical displace-
ment of this fault is estimated to be 200 m with an ambiguity of factor 2. We may 
evaluate the recurrence interval of the earthquakes by the following assumptions: 
a) The earthquake sequence started within a million year span of time, and they 
have occurred repeatedly with equal intervals since then. 
b) Each event was generated from the present fault with the same vertical disloca-
tion m). 
c) Only the earthquakes assumed here have attributed to the vertical displacement 
accumulation of this fault. 

   A simple calculation leads to the conclusion that the recurrence interval of the 
Fukui Earthquakes associated with the present fault is 5000 years. We must, how-
ever, be very careful when using this value since it is a rough estimation derived 
only from the fault presently under discussion. 
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