Journal of Natural Disaster Science, Volume 24, Number 1, 2002, ppl-13

Determination of Subsurface Structure of Tottori Plain Using Microtremors
and Gravity Anomaly

Tatsuya NogucHI and Ryohei NisHIDA

Department of Civil Engineering, Tottori University
(Received for 3. Apr., 2002)

ABSTRACT

Microtremor observations and a gravity survey were made to determine the subsurface structures of the Tottori
Plain. This areawas severely damaged during the 1943 Tottori earthquake (M7.2), damage being concentrated in
the plain. Microtremors were recorded by seismic arrays (8 sites) and 3-component single-site observation (417
points). Gravity data were obtained at about 400 points. The microtremor data were analyzed by the spatial auto
correlation (SPAC) method and the horizontal-to-vertical spectral ratio (H/V). The subsurface structures were
determined by 1) S-wave velocity structure models obtained at the array observation sites, 2) a 3D bedrock con-
figuration based on H/V and the residual gravity anomaly, 3) 2D density structures for three cross sections
obtained using the gravity anomaly based on a depths of S-wave velocity structures. A shallow bedrock area
extends over a belt-like zone along the coast. This bedrock suddenly deepens from the eastern mountainous area
to the plain. The depth to the Vs=3500m/s layer ranges from a 300m minimum to an 800m maximum.

1. INTRODUCTION

The Tottori plain in the Sanin area of Japan, the target area of
this study, was severely damaged by the 1943 Tottori earthquake
(M7.2). The severely damaged area was concentrated on the
Tottori plain (Architectural Institute of Japan, 1944), whereas there
was less damage in the western and southern parts of Tottori City.
This concentration of damage is thought to have been caused by
the characteristics of the earthquake ground motion affected by the
local subsurface structure of the Tottori plain.

The subsurface cross section (Tottori Subsurface Institutes,
1991) for which borehole data on the sedimentary layer had been
collected was investigated. A contour map (Akagi et al., 1993) of
the bedrock of the diluvium and alluvium had already been
obtained. In addition, PS logging (exploration of the sedimentary
layer) and elastic wave exploration of the mountainous area (e.g.,
Oyo corporation, 1996) has been done. At severa points in the
rock layer structure beneath the plain (stratum of Neogene system
or Paleogene system), gravity anomal was found by a gravity sur-
vey. No detailed density structure however has been determined
and PS logging and elastic wave exploration have been done only
on limited points.

There are two ways to determine subsurface structures. One
is to visually explore the geologic profile by means of bore-hole
data The other is to make a geophysical exploration to obtain phys-
ical parameters such as elastic wave velocity and investigating
density. Effective methods for obtaining elastic wave velocity and
2D or 3D bedrock structures are microtremor exploration and a
gravity survey. The use of microtremors is divisible into three
types:. array observation using several seismometers, 3-component
observation at a single site (single-site observation), and 3-compo-

nent observation at soil and rock sites. Array observation records
are analyzed by the spatial auto correlation (SPAC) or F-K
method. The S-wave velocity structure can be determined from
array records by these methods. Single-site observation records
can be analyzed by means of the horizontal-to-vertical spectral
ratio (H/V). Soil and rock site observation records can be analyzed
by means of the horizontal- (soil site) - to - horizontal (rock site)
spectra ratio.

Array observations have been made at many sites in order to
determine the S-wave structure to a depth of 2 or 3km. (e.g.,
Okada et al., 1990; Yamanaka et a., 1995; Miyakoshi et a., 1994;
Matsushima et al., 1990). The predominant period of the surface
layers and depth to the bedrock have been determined at several
sites by a H/V (e.g., Ohmachi et a., 1994; Tokimatsu et al., 1997,
Ishida et a., 1996). Gravity exploration can determine a density
structure by use of Bouguer gravity anomaly. The 3D configura-
tion of bedrock from several meters to severa kilometers and a
density structure model have been obtained by this method (e.g.,
Kikuchi, 1982; Komazawa, 1984; Makino, 1997). In those explo-
rations, the subsurface structures were determined on the basis of
data being in the same period band as that of the estimation of
strong motion by means of the elastic wave theory. Microtremor
exploration and gravity observations therefore are applicable for
determining the subsurface structure in this the Tottori plain area.

The purpose of our study was to determine the subsurface
structures of the Tottori plain by the use of microtremors and grav-
ity observation records.

2. GEOLOGICAL FEATURES

The topography (Akagi et al.,1993) of the Tottori plain is that
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of sand dunes expanding along the coast, a delta area that occupies
the main part of the plain, an aluvial fan in the southern part of the
plain, and avalley plain. Inthe north, there is an extensive coastal
sand dune, and Mt. Kyushou is located southeast of Tottori City.

A geological map is shown in Figure 1. The Cretaceous -
Cenozoic stratigraphy is shown in Table 1. The surface rocks are
comprised of the Tertiary system, and the Mesozoic volcanic gran-
ite rocks (Akagi et a., 1993). The Mesozoic volcanic are distrib-
uted in the southern of Mt. Kyushou on the southwest edge of the
plain. The granite rocks occur along the south edge of Koyama
Pond, in the main part of Mt. Kyushou and in the mountainous
area that stretches northwest from Mt. Kyushou. The Neogene
system stratum is composed pyroclastic and sedimentary rocks.
Pyroclastic rocks that consist of tuff and basalt are distributed
along the southern edge of Koyama Pond and in the southwest of
the plain. Conglomerate and sandstone are widely distributed in
the southern part of the plain and mudstone occursin the southeast.

Tablel. Quaternary stratigraphy of the Tottori plain
(Akagi et al., 1993).
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3. OBSERVATION

3.1 Microtremor observations

Array observations at 8 sites and 3-component single-site
observations at 410 points were made to observe microtremors in
the Tottori plain. Locations of the observation points are shown in
Figure 2 and the observation system in Figure 3. Observations
were made at 417 points at night from October 1998 to October
2001. The array observation system consisted of four vertical seis-
mometers, a direct current amplifier, and a data-recorder. Here,
the array with a3 - 70m radiusiis called the S-array and that with a
200 - 500m radius the L-array. Natural periods (T,) of the seis-
mometers were 1s for the S-arrays and 8s for the L-arrays. An
overview of array observations is given in Table 2. A 3-compo-

Table 2. Overview of the observation system and setting. A:
Simultaneous observation system using a cable, seis-
mometer of To=1s, for the S-array. B: System using a
GPS timing receiver, seismometer of T,=8s, for the L-
array.
Site System Radius (m) Samplin%HFZr)equency Amplifier Gain
A 250, 500
TID 1000
B 3,10, 30, 50
NG A 250, 500 500 (250m)
B 3,10, 30, 50, 60 1000 (other)
K A 250, 500
B 3,10, 30, 60
KAR A 250, 500 100
B 3,10, 30, 70
SHB g 3 10253% 50
L 1000
A 250
GNT
B 3,10, 30, 70
A 12
NIK 5,250
B 10,30 500
TTA A 250, 500 100
B 10, 30, 60 500

Fig. 1 Geologica map of the Tottori plain (Akagi et a., 1993). @: PS logging sites. Line segments represent the

subsurface sectionsin Figure 5.
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The Sea of Japan

* Array

Fig. 2 Locations of microtremor observation sites. Dots: single-site observa-
tion sites, and stars: array observation sites.
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Fig. 3 Array observation system (1); S-array system ), L-array system (@.
Single-site observation system (2).

nent seismometer (T,=5s) was used in the single site observation
system.

3.2 Gravity observations

This information was used in the gravity analysis. @ 417
points at 500 m interval (Nishida et al., 2001), (2 197 points at 200
- 300m intervals in central Tottori City (Nakagawa et. al., 1993),
(3 192 points at 50 - 200m intervals in the Y oshioka hot spring
area (Tottori Prefecture, 1999), @ 43 points in the mountainous
area surrounding the plain (Komazawa et al., 2000), & 296 points
around the Y oshioka - Shikano fault area and its peripheral moun-
tains. A Racoste Lon Berg's G type gravimeter was used. The pre-
cision of the elevation measurements was kept within 1m.

4. ANALYSIS

4.1 Analysisof microtremor data

Portions of 40.96s or 81.92s without artificial noise were
selected from the array observation records. The dispersion curve
of the phase velocity was calculated by the SPAC method (Aki,
1957). Spectra were smoothed by use of a Parzen window with a
0.3Hz band for the S-array and a 0.1Hz one for the L-array.
Dispersion curves for the phase velocity are shown in Figure 4. A
dispersion curve was obtained for each array radius (dots) and the
theoretical curve (solid line) was obtained for the final model.

Portions of 20.48s without artificial noise were selected from
the 3-component microtremor records. H/V was calculated by use
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Fig. 4 Phase velocity dispersion curves at array observation sites. Dots show the
phase velocity, solid lines the theoretical curves obtained from the final

subsurface structure model.

of using the averaged Fourier spectra of the selected data.
Horizontal components were composed. Spectra were smoothed
by means of a Parzen window with a0.3Hz band .

4.2 Analysisof gravity data

Terrain correction was made with a topographic 50m mesh
digital datafor @,2),3,® data and a 250m mesh for 4 to obtain
the Bouguer gravity anomaly. Density measurement results for
rock samples (NEDO, 1977) and CVUR method (Komazawa,
1995) were used to determine a suitable density, and an automatic
2D analysis method (Komazawa, 1995) to determine a 2D density
structure. This method uses the automatic forwarding methods of
Tawani et a. (1959). The parameters required are density differ-
ences between surface and bedrock layers of two homogeneous
layers and a control point for bedrock depth.

5. DETERMINATION OF THE SUBSURFACE
STRUCTURE

5.1 Determination of the S-wave velocity structure

The parameters (number of layers, density, P-wave velocity;
[Vp] Swave velocity; [Vs]) used in the subsurface structure mod-
els were selected on the basis of the geological features and sub-
surface cross section (Tottori Subsurface Institute, 1991). Density
was obtained by referring to a previous report (Society of
Exploration Geophysicists of Japan, 1988), and Vp was found by
the formula (Kitsunezaki et al., 1990),

Vp = 1.11Vs + 1290 (m/s) (1)
To obtain the parameters of the sedimentary layers, a subsur-

face cross section (Figure 5) (Tottori Subsurface Institute, 1991)
around the array observation points and PS logging results for the
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locations shown in Figure 1 (Table 3) (Oyo Corporation, 1996)

Table3. PSLogging profiles (Oyo Corporation, 1996). } X
Location of these points are shown in Figure 1. were used. The velocity of the uppermost layer was decided such
(1) No.1 that it fits the minimum phase velocity of the observation value.
D(e";h Facies (HY/PS) (nY/S) From the geological background, the rock layer is thought to
m, S. - . . .
0~6 | Sand and gravel with small stones, clay 94 be divided mainly into granite rock of the Neogene, and Paleogene
6~10 Glay, humus soil, small grains 1000 150 systems and Mesozoic Volcanic rocks (Table 1). The Tottori
10~11 Sand and gravel with small stones 350 Green Tuff Research Group (1989) reported that the Neogene sys-
11~21 Sandy silt with gravel _etc. 2000 tem stratum does not have clear boundaries and is an unconformi-
21~24 Sand and gravel with small stones 550 . . . . .
ty. Accordingly, the velocity value is considered to increase grad-
— (2) No:2 - . ualy in the deep part of the layer. We further divide the Neogene
ept . . . .
() Facies (n/e) | (m/e) system into three strata based on the degree of consolidation; @
0~4 Sand and gravel with small stones 200 90 dlight consolidation, (2) medium consolidation and (3) marked con-
;‘Ng = cmz : 150 solidation layers. Moreover to determine the velocity of layers we
~ ay, small grains . . .
7~13 Sand and gravel 1800 250 assumed th.?t the @ granite of the Paleogene or Mesozoic Vol Cal.’IIC
13~21 Sand and gravel with clay 500 rock layer is the lowest stratum. In the rock layer, the velocity
) No3 contrast is greatest at the boundary between layers @ and @. For
0.
Depth Facies Vp Vs
(m) (m/s) | (m/s) N .
— Table 4.  Parameters for determination of the S-wave velocity
0~2 Artificial 900 140 a del
2~7 Clay 120 structural model.
7~13 Silty sand 1500 160 Density (g/cm®) | Vp (m/s) | Vs (m/s) | Geological Age Geology
13~18 Clay 140 200 00
18~30 Sand and gravel 1800 | 480 16 1250 150
(4) No.4 :; :j;g ggg Quaternary Alluvium & Diluvium
Depth . Vp Vs -
(m) Facies (m/s) | (m/s) 2.0 1840 500
0~6 clay 430 80 2.1 2060 700 small consolidation
6~13 sand 1000 160 2.2 2390 1000 Neogene middle consolidation
13~26 clay 140 24 2940 1500 large consolidation
26~36 sandy silt 1500 200 Paleogene & Granite, Mesozoic
36~40 sand and gravel 2100 | 480 26 5180 | 3500 | G taceous |  Volcanic Rocks
N S N S
50 50
40 TTA TTD 40
30 L 30 KAR YNG
20 20
10 10
0 N e t— | - —
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Fig. 5 Subsurface cross sections around the array observation. Locations of sections are
shown in figure 1 (Tottori Subsurface Institute, 1991).
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S-wave velocity values of the layers assumed from the geological
classification, @ Vs=700m/s, 2 1000m/s, 3 1500m/s, @
3500m/s were determined using experiential values (Miyakoshi,

Table 5. Fina subsurface structure models at the array observa-

tion sites.

(1) TTD site model
0 (g/em®)] Vo{m/s) | Vs{m/s) |Thickness(m)

(2) YNG site model
0 (g/em®)| Vp(m/s) | Vs(m/s) |Thickness(m)

1.6 1455 150 17 1.6 1400 100 10
1.8 1620 300 35 1.6 1455 150 22
2.0 1840 500 40 20 1840 500 20
2.1 2060 700 50 21 2060 700 120
22 2390 1000 70 22 2390 1000 200
24 2940 1500 250 24 2940 1500 300
28 5180 3500 o 28 5180 3500 oo

(3) JHK site model
0 (g/cm®)| Vp(m/s) | Vs(m/s) | Thickness(m)

(4) TTA site model
p(g/em>)]| Vp(m/s) | Vs(m/s) |Thickness(m)

1.6 1400 100 10 17 1510 200 9

1.6 1455 150 20 18 1620 300 25
20 1840 500 25 2.0 1840 500 20
21 2060 700 160 2.1 2060 700 30
22 2390 1000 230 2.2 2390 1000 80
2.4 2940 1500 350 2.4 2940 1500 240
2.6 5180 3500 oo 26 5180 3500 o

(5) SHB site model
0 (g/cm®)| Ve(m/s) | Vs(m/s) | Thickness(m)

(6) KAR site model
0 (e/cm>| Vp(m/s) | Vs(m/s) |Thickness(m)

1.6 1400 100 5 1.6 1400 100 10
1.6 1455 150 20 1.8 1455 150 30
20 1840 500 20 2.0 1840 500 25
2.1 2060 700 70 2.1 2060 700 150
2.2 2390 1000 80 2.2 2390 1000 200
2.4 2940 1500 150 2.4 2940 1500 300
2.6 5180 3500 Ll 2.6 5180 3500 oo

(7) GNT site mode! (8) NIK site model

0 (e/em®)t Vp(m/s) | Vs(m/s) | Thickness(m) o (g/em™| Vp(m/s) | Vs(m/s) |Thickness(m)
1.7 1510 200 10 1.6 1455 150 28
2.0 1840 500 15 20 1840 500 50
2.1 2060 700 70 21 2060 700 110
2.2 2390 1000 100 22 2390 1000 170
2.4 2940 1500 100 24 2940 1500 320
2.6 5180 3500 © 26 4590 3000 el
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Fig. 6 Density measurements of rock samples, collected in the mountain-
ous area of the eastern region (NEDO, 1977).

1994). Parameters of the subsurface structure models are shown in
Table 4.

By restricting Vs and Vp densities to the given value and
changing only the layer thickness, a subsurface model could be
established by trial and error. The final subsurface structure was
obtained by these processes (Table 5).

Based on the I-I" section in the north to south direction and
thell-11" section in the east to west direction , columnar sections of
the S-wave velocity structures at 7 observation sites are shown in
Figure 6. Minimum and maximum depths to the Vs=3500m/s
layer respectively of about 300m and 800m were obtained. In the
I-I" section, the tendency is to gradually become deeper from GNT
to KAR and suddenly to become shallow at TTA. Inthell-Il" sec-
tion, the trend is to deepen from TTD on the west to JHK.

5.2 Bedrock structure determined by H/V

We tried to determined bedrock depth from the peak period of
the observed microtremors, H/V, at the central array point. To
determine bedrock depth, the bedrock layer that responds to the
H/V peak period must be ascertained. Rayleigh wave are predicted
to prevail in microtremors, and H/V to express the ellipsoidal
trace. The peak period of H/V is assumed to change with the depth
of the Vs=500 - 3500m/s layers. Based on the modelsin Table 5,
five bedrock model patterns were assumed, in which the Vs=500,
700, 1000, 1500 and 3500m/s layers were defined as the respective
lowermost layers (Figure 7). We calculated H/V of the Rayleigh
wave fundamental mode in each pattern and compared the H/V's of
these Rayleigh waves (H/V-R) and the H/Vs of the microtremors
observed at the center of array (H/V-M) (Figure 8). On the basis
of this comparison, the relation between the H/V peak period and
bedrock depth can be found by investigating the pattern that best
fits the peak periods obtained by calculation and the H/V of the
microtremors.

The features of this comparison fall into two main classifica-
tions: @ (KAR, YNG, JHK, NIK, GNT and SHB) and @ (TTA
and TTD).

First, for group @), clear peaksin the H/V-Rs of four patterns,
in which Vs = 500, 700, 100, and 1500m/s layers are the lowest,
are shown in the period of 0.5 - 1.0s and these value correspond to
the H/V-M peak. The H/V-R of the pattern with the lowermost
layer of Vs=3500m/s has two peaks in all the regions except SHB,
and the short period peak fits the peak of H/V-M. In the SHB,
there is only one H/V-R peak which corresponds to the H/V-M
peak.

| ] £
e I
i : T 1 Vi im
Fr } |:| T
e
:: | [E[l e}
T :L@ 180
i
O e

Fig. 7 Subsurface model assumed when the Rayleigh wave fundamental
modeis caculated (Figure 9).
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Fig. 8 Comparison of the H/V of the Rayleigh wave fundamental mode (H/V-R) and the H/V of microtremors (H/V-M)
at central points of the array sites. We assumed that the lowermost layers are Vs=500, 700, 1000, 1500, 3500m/s
layersfor the model inthe Table 5. Bold solid lines denote H/V-M.

Next, for group @, H/V-Rs of the four patterns, in which
Vs=700, 1000, 1500, and 3500m/s layers are the lowermost, have a
clear peak in the period of 0.5s- 1.0sin TTA and in the period of
0.7s- 2.0sin TTD. The H/V-R peak periods of these four patterns
differ, those of the Vs=1000m/s and Vs=1500m/s patterns corre-
sponding to the peak period of H/V-M. In this case, the discrepan-
cy of H/V-R and H/V-M peak periods occurs on the short period
side in the Vs=700m/s pattern and on the long period side in the
Vs=3500m/s one. Accordingly, the case in which the peak period
of H/V-R and H/V-M overlap in both groups @ and @ is the
Vs=1000 or 1500nmV/s pattern.

Assuming that the peak period of H/V-M indicates the same
bedrock depth in the Tottori plain, the H/V-M peak period corre-
sponds to the bedrock depth to Vs=1000 or 1500m/s layer. In
group @ regions, however because the peak period of H/V-Rin all
the patterns fits the H/V-M peak period, bedrock depth can not be
determined from this comparison. A much more detailed investi-
gation is required in order to regard H/V-M as an indication of
bedrock depth. Such aninvestigation is described in Section 6.

Distribution of the peak periods was examined to obtain the
relative configuration of the bedrock over the entire plain. A con-
tour map of the peak periods is shown in Figure 9. The 3D
bedrock configuration can be roughly obtained from this figure. A
shallow bedrock area spreads out over a belt-like zone in the
coastal area and bedrock suddenly becomes deep from the eastern
mountainous area, including Mt. Kyushou, to the plain around
JHK. The deepest area is the basin-like zone around KAR, TTD,
YNG, and JHK.

5.3 Determination of the bedrock structure by the Bouguer
gravity anomaly

Suitable assumed densities of the surface layers should be
used when making a density estimation with the Bouguer anomaly.
In this study, the average density of the bedrock was assumed in
order to survey the bedrock configuration of the plain. The surface
density of the mountainous area around the plain therefore indi-
cates bedrock. In addition, suitable density for the surface layer of
the mountainous area around the plain was determined. The
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suitable.

respective caculated density values at two places in east and west
were 2.38 and 2.42g/cm?, which were used for the edge of the plain
in a CVUR method (Figure 10). Density measurement results for
the rock samples from the east area gives an average dry density
for all the samples of 2.59g/cm® and an average density for the
Neogene system of 2.50g/cm® (Table 6) (NEDO, 1977). The
Neogene system area is widely distributed throughout the plain
(Figure 1). The averaged surface layer density is expected to be

less than the value for the rocks because the surface rocks have
weathered due to water penetration. As aresult, a suitable density
for the mountainous area is determined to be 2.50~2.40g/cmd.
The bedrock configuration was determined using a Bouguer anom-
ay with an assumed density of 2.40g/cm?.

A filter technique that removes the deep structure effect from
the original Bouguer gravity anomaly must be applied to obtain the
effect of the subsurface structure. According to Nozaki (1997),
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exploration depth is about 1/10 the typical survey line length in the
investigation range. Based on Nozaki (1997), exploration depth
should be considered to be about 1 km because the objective area
is about 10km from south to north. In order to determine subsur-
face structures shallower than 1 km, band-path filtering was used
on the original Bouguer gravity anomaly.

To remove the structure effect of the part degper than 1km, a
band pass filter that combines two upward continuation filters of
50 and 1000m was used. A contour map of the residual Bouguer
gravity anomaly is shown in Figure 11. High and low gravity
anomaly areas are present near the coast and inland. The gravity
anomaly suddenly changes from the mountainous area around Mt.
Kyushou to the plain. The low gravity anomaly areais located on

5.4 Quantitave density structure analysis

The density structure was automatically calculated from the
observed gravity anomaly. In addition, depth to the bedrock layer
in the 2-layer model was restricted to the outcrop point and that of
S-wave velocity structural models in the array observation (Table
7). Sections of the 2-dimensional models were set so as not to
intersect obliquely with or paralel the anomaly. As gravity anom-
dies are strongly affected by underlying structures, depth errorsin
the derived structural models in the area where the 3-dimensiona
structure effect is large are 10~20% (Komazawa private mes-
sage).

the southern side of the plain and the north side of Koyama Pond. Table7. Conditions of control points for analysis of the 2D den-
sity structural models. “Distance” means the distance
from the left edge in Figure 12. “Depth” means the
. . depth to the Vs=1500m/s layer.
Table6. Density measurements of rock samples, collected in the D i
mountainous area of the eastern region (NEDO, 1977). Section Point Distance (m) Depth (m)
- A-A Rock site 100 0
Age Geology Number Dens_ity(g/cm ) - Rock site 4100 0
of samples | Dry Density | Wet Density
= = KAR 1750 415
Neogene Pliocene Misasa Group 7 250 953 B-g' YNG 3050 372
Miocene Tottori Group 11 i i
Palaeogene Intrusive Rocks 16 SHB 9825 195
Mesoroic Volcanic Rocks 5 261 | 259 | 263 | 261 T7D 350 212
Clastic Rocks 3 c-C' YNG 2700 372
. Weakly Metamorphic JHK 5075 485
Palaeozoic Rocks 7 2.75 2.75 Rook site 6300 0
N
W E
N
;
2.0
1.6
> @I 12
0.8
[0
0.4
14
S 0.0
-0.4
P ] -0.8
O _1 2
-1.6
-2.0
L ) (mGal)
0 5km

Fig. 11 Contour map of the residual Bouguer anomaly. The contour interval is 0.2mGal, assumed density is 2.4g/cm?.
Band-pass filtering combined two upward-continuation filters, one continued to a height of 50m, the other to
1000m. Triangles show the array observation sites. Lines A-A’ B-B’ and C-C' mark the location of the 2D den-

sSity structure model in Figure 12.
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First, the A-A’ section (Figure 12 (1)) whose both edges are
located at outcrop points (border between the mountainous area
and a sedimentary layer) was determined. The Society of
Exploration Geophysicists of Japan (1988) has reported the rela
tionship between the elastic wave velocity and densities of soils
and rocks in each area of Japan. Accordly, the soil density that
corresponds to a sedimentary layer of aVp=1500 - 2000m/sis 1.8
- 2.0g/cm?, and the soft rock density that corresponds to a Neogene
system of Vp=2000 - 3000m/sis 1.9 - 2.1g/cm?®. We consider that
the target area should show the same relationship for P-wave
velocity and density. The density of the surface layer, including
the sedimentary layer and Neogene system, therefore was assumed
to be 2.0g/cm?.  The density difference between the surface and
bedrock layers was assumed to be 0.4g/cm?, and the assumed den-
sity of the original Bouguer gravity anomaly without filtering was
set at 2.4g/cm?. The upper partsin Figure 12 (1), (2), (3) show the
Bouguer gravity anomaly value where the measured and calculated
values overlap. The lower partsin Figure 12 (1), (2), (3) give the
calculated density structure. According to Figure 12 (1), maxi-

BOUGUER ANDOMAL IES
(HCALYT [ ASSUMED DENS)TY = 2.40 G/Ch’ )
30 ...

[

SR T

—~ OBSERVED — REGCIONAL
- COMPUTED

T. NOGUCHI AND R. NISHIDA

mum depth to the bedrock layer is about 350m. The subsurface
configuration slopes mildly from the west edge (l€ft side of the fig-
ure) to the deepest part, then changing suddenly from the deepest
part to the outcrop point.

The B-B’ and C-C’ section next were determined. These sec-
tions are passing through sites the array observation sites where S-
wave velocity structure was obtained. Inthe A-A’ section, NIK is
the near the deepest part . In the S-wave structural model at NIK,
the depth to the Vs=1500m/s layer is the value (358m) nearest the
depth for the deepest part of section A-A’ (about 350m). These
sections were next determined based on the depth to the Vs=1500
m/s layer for the restricted points. Results are shown in Figure 12
(2) and (3). The Bouguer anomaly for the calculated values fits
that for the observed one. Accordingly, the density structure
model is considered to be the proper one. The B-B’ section shows
a sudden change from the north edge (left side of the figure) to the
deepest part; amild slope from the deepest part to the center; and a
flat configuration from the center to the south edge. The C-C’ sec-
tion shows a flat configuration from the west edge (left side of the

BOUGUER ANOMALIES
(MGAL) | RSSUMED DENSITY = 2.40 G/CH® )
30

— DOBSERVED — REGIONAL 1T =1

- COMPUTED P o=
E=2

STEP NO. = 5 B’

STEP NO. = §
R5SUMED BOUNCRRY
Qﬂlﬂm 1 DENSITY CONTRAST = 0.40 G/Ch® 1 Rock m ' DSSSISVUVHEUDNVEPUSHN:D%EYD gsCH® 1
------------- 28D e e aans
. Rock NTK + KAR ™~ YNG SHB
oY v Y . ¥ y
100 /
200 /
Wmﬂ
300 Lol
400
0 1 2 3 4 rkm T z 3 4 3 3 7 BIKMY
.
(1) A-A" Line (2) B-B' Line
BOUGUER ANOMALIES
(NCALY  ( ASSUMED DENSITY = 2.40 G/CH? 1
B
20 % ...............
10
—=- DBSERVED —+ RECIONAL 1T =t
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C STEP NO. = 5 e
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(3) 6-C’'Line

Fig. 12

2D density structure models. The upper part shows the Bouguer anomaly value where the measured and calcu-

lated values. Arrows show the locations of the control points in the models. Conditions of the control points of
the A-A’, B-B’, and C-C’ sections are shownin Table 7.
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Fig. 13 Overlay map of Figure 9 and 11. Open circles: the H/V peak period. The larger the
circle, the longer the period.

The Sea of Japan

A Mt.Kyushou

Tottori Plain

Fig. 14 Contour map of the geological boundary between Quaternary and Neogene in the
Tottori Plain (Akagi et al., 1993). The contour interval: 10m.
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figure) to the center; a mild slope from the center to the deepest
part; and a sudden change from the outcrop points on the subsur-
face on the east edge to the deepest part.

6. DISCUSSION

First, we reconsider the Rayleigh wave H/V (H/V-R) in TTA
and TTD. As stated previously, the peak periods of the Rayleigh
wave H/V in the 5 patterns have different values in the @ group
(TTA and TTD). In contrast, 4 patterns, except the one having the
lowest layer of Vs=3500m/s have almost same values in the other
@ group (KAR, YNG, JHK, NIK, GNT, and SHB). We investi-
gated the cause of this difference. Table 5 shows there is a differ-
ence between the @ and (2) groups for the in Vs=100 - 300m/s lay-
ers. The @ group has a thick Vs=300m/s layer whereas the 2)
group has only aVs=100 - 200m/s layer. Accordingly, the average
velocity value of the layer above the Vs=500m/s layer in the @
group is large, compared with that in (2) group; i.e., the velocity
contrast between Vs-500m/s layer and upper layersis smal in the
(D group as compared with that in the @) group. The H/V peak
can not be distinguished when the velocity contrast is small
(Ohmach et al., 1994). Figure 8 shows that in the @ group, the
H/V-R can not be distinguished clearly in the pattern with a lower-
most layer of Vs=500m/s, though it is clear in the other patterns.
In @ group, however, the pattern having a lowermost layer of
Vs=500m/s shows a clear peak as do the other patterns. The veloc-
ity structure of the sedimentary layer therefore affects the peak
period of the Rayleigh wave H/V.

The peak period distribution of the H/V (Figure 9) was com-
pared with the residual Bouguer gravity anomaly (Figure 11). Two
figures are considered to show the 3D relative bedrock configura-
tion. To better visuaize this relationship , Figure 9 overlaid with
Figure 11 is shown as Figure 13. Open circles in that figure show
the H/V peak period. Larger circles represent longer periods. This
figure shows that the enlarging tendency of the open circles corre-
sponds to the decreasing tendency of the residual gravity anom-
alies from SHB to the seashore and from Mt. Kyushou to the plain.
These tendencies mean the deepening one of bedrock depth. From
SHB to the south side of the plain, the contrary tendency for small-
er open circles corresponds to the tendency for a decrease in the
residual gravity anomaly. This means that there is a contrary ten-
dency in the south area of the plain on the basis of the bedrock
depth. The cause of the low gravity anomaly is thought that
bedrock density is not constant, either; bedrock density is low.
The geological map in Figure 1 show that the pyroclastics and con-
glomerates are distributed on the southern side of the mountain
area, whereas the granitic and rhyolitic rocks are distributed
throughout the area around Koyama Pond and Mt.Kyushou.
Those rock densities are lower than the granitic and rhyolitic rock
densities, therefore, the southern side is considered to be a low
gravity anomaly area because bedrock density islow.

The peak period distribution of H/V (Figure 9) next was com-
pared with findings of a previous study (Akagi et al., 1993). The
contour of the geological boundary between the Neogene and
Quaternary is shown in Figure 14 (Akagi et al., 1993). The H/V
peak period distribution in Figure 9 is the depth distribution from
Vs=1000m/s to Vs=1500m/s layer, as stated in 5.2. Figure 14
shows a contour map determined from bore-hole data from the

boundary between the sediment and bedrock layers. It is consid-
ered to correspond to the depth distribution to the Vs=700m/s
layer. This comparison between Figures 9 and 14 is in the strict
sense, a comparison of the depth distribution in different layers.
Because as the S-wave velocity structure in Figure 6 indicates that
the depth change to the Vs=700 m/s layer shows almost the same
trend as that to the Vs=1500m/s layer, we believe there is no prob-
lem concerning the discussion of relative bedrock depth. Around
Mt. Kyushou on the eastern side of the Sendai River and on the
coastal area, the sudden change in the configurations of the contour
are amost completely overlapped in each figure. Around TTD and
TTA northeast part of Koyama pond, there is a the deep area in
Figure 9, which it is not shown in Figure 14.

7. CONCLUSION

Microtremor observations and a gravity survey were carried
out, and the subsurface structure of the Tottori plain determined.
The following conclusions were made:

(1) The array observations of microtremors at 8 sites gave 6 -
8 layers of S-wave velocity structure, the Vs=100 - 3500m/s lay-
ers. At the 8 sites, bedrock depths to the Vs=3500m/s layer range
from a300m minimum to an 800m maximum.

(2) Comparison with the calculated H/V-R by used of the
structural model suggested that the H/V-M peak period shows
bedrock depth from the Vs=1000 to 1500nV/s layers, but the rela-
tionship between H/V and bedrock depth requires a more thorough
investigation.

(3) The 3D bedrock configuration could be roughly deter-
mined from the counter maps of the H/V peak period and residual
gravity anomaly. The structure where the bedrock suddenly
becomes deep along the coast and in the eastern periphera area of
the plain was also determined.

(4) Three bedrock structure cross sections were established
based on 2D analysis with the gravity anomaly. In that analysis, a
density difference of 0.4g/cm® was used, and the bedrock depth to
the Vs=1500m/s layer of the S-wave velocity structure were used
as the control points. Maximum bedrock depth was found about
400m.
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