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Abstract

The National Research Institute for Earth Science and Disaster Prevention has forwarded the construction
of the deep borehole crustal activity observatory network around the Tokyo metropolitan area for the
prediction research of earthquakes in this area. The fourth observatory, the KOTO deep horehole, 3030m in
depth, was completed in Koto Ward, Tokyo in 1992,

In this paper, the geological and geophysical features of the KOTO borehole observatory and the geological
structure beneath the Tokyo metropolitan area is described.

The geological sequence of the KOTO borehole observatory is summarized as follows :

Depth (m) Formation Lithology Correlated Geological time
stratum
0-7.6 Buried soil

7.6-67.5 A Sandy silt, silt, mud Alluvium Holocene
and gravel

67.5-115 B Sand, silt, mud and Shimosa Group Late Pleistocene
gravel

115-1677 C Siltstone, silty mudstone, Kazusa Group Early Pleistocene
sandy siltstone, sandstone -Late Pliocene
and gravel

1677-2579 D Siltstone, sandstone, gravel Miura Group Early Pliocene-
and tuff Miocene

2579-3030 E Sandstone, mudstone, chert, Chichibu System Pre-Neogene

volcanic rocks and tuff

The geological structure of the Koto borehole observatory agrees very well with the velocity structure which
was obtained by the refraction method in the north-western part of Tokyo Bay.

The geological and logging data of boreholes in the Kanto plain were compared, and it was clarified that all
those under consideration were related to each other in the same stratum. This fact shows the possibility of
estimating the geological structures from the geophysical data obtained by geophysical prospecting in this area.

The depth and thick distribution of the pre-Neogene System, Miura Group, Kazusa Group and Shimosa
Group beneath the Tokyo metropolitan area were estimated using boreholes and geophysical prospecting data.
The maximum depth of the basement is more than 3500m from the surface and has large ups and downs. The
basement was buried gradually between the Neogene Period and the entire Kanto plain became a depositional
basin in the period of the Kazusa Group. The Kanto plain emerged again in the period of the Shimosa Group.
The center of the depositional basin moved from the southern area to the northern and northwestern area of
the Kanto plain between the Neogene and Quaternary Period.
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Fig. 2 Structure and drilling chart of the Koto observation well.
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Table 1 List of the drilled cores.

VES [ITELVEE (m) |EEE (m) |HEWRE (m) |[EIE (%) Hh =1

1-1 400. 00~ 407.00 7. 00 0.25 3.6 Y

1-2 429.00~ 436.00 7. 00 4.04 57.2 yvhE . &
2 600. 00~ 607.00 7. 00 4,49 64. 1 Wea. PEE
3 800.00~ 807.00 7. 00 6.65 95.0 AE=]
4 1000. 00~1007. 00 7.00 7.00 100.0 I bE
5 1215.00~1222.00 7.00 7.00 100.0 IWVEIRE . IVhE
6 1401.00~1408. 00 7.00 6.58 94.0 yVhE . IVVBIRE
T 1600. 00~1607. 00 7.00 7.00 100.0 Y hE

8-1 | 1800.00~0805.00 5.00 0.00 0.0

8-2 | 1820.00~1823.00 3.00 2.06 68.7 Y b

9-1 |2000.00~2003.175 3. 75 2.26 30.0 MRS

9-2 | 2082.00~2090. 00 8.00 0.00 0.0

10 2200.00~2207. 00 7. 00 4. 14 59.1 Y b

11 2400. 00~2407. 00 7. 00 7.00 100.0 L AE=]

12 2600.00~2603. 20 3. 20 3.08 96. 3 =R ==

13-1 | 2787.00~2789. 56 2. 56 2,15 86.0 WeE. BE

13-2 | 2800.00~2801. 50 1. 50 1.38 98.0 BE

14-1 | 2995.00~2998. 30 3. 30 0.92 28.0 SHERET

14-2 | 2999.00~3001. 30 2. 30 1.16 50.4 = =1
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Table 2 Iist of geophysical logging carried out in the
Koto well.

®REHH EREE (m)

175" )yav 205.0~3030.0
S P 205.0~3030.0

KR E 205.0~3030.0
Hh g & B 205.0~3030.0
HhoJE fE A | 1110.5~3030.0
7 7 205.0~3030.0
& i 3 0.0~2990.0
Yy Unc - 205.0~3030.0
EAVMET Y 0.0~2998.0

~T Schlumberger #4357 72,
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Fig. 3 Geological column and results of the geophysical loggings of the Koto observation well.
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Fig. 4 Frequency distribution of the dip azimuth for every 50m of depths.
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Fig. 6 Logging data of sonic velocities and bulk
densities for pelitic stratums.
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Table 3 Geothermal gradient of the toto well.

ARE (m) |[HTHEEE (Xx1072°C/ m)
210~ 1700 1.88
700~ 1650 2.22
1650~2050 1.94
2050~2550 1. 64
2550~3000 1. 40
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Table 4 List of core tests.
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Fig. 8 Datailed figure of the temperature logging
for shallow part.
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Table 5 Result of X-ray analysis.

TES | 6R |(MEGO | ANG | HEE | HEGD | B | RES | {940 | trEloiqb
-2 | O + = = % = —~ = ~
2 (@) + - = + - + - -
3 © + = = i = + = =
4 O + - - ik - - - -
5 O + — + oo - - =
b O @ st - - -
7 © O - =
8-2 | © + - - - -
9 © + = = = = = =
10 O + = = ~ — - =
11 O + + - - —~ -
12 © © + - - -
13 © + = —
14-1 © + = = -
14-2 O + + + +
HYEEE: OF&8, Od&, +/)8, -#E
#=6 ALFaRTR.
Table 6 Chemical composition of the cores.
(%)
aTHS 1-2 2 k| 4 5 b 1 8-2 9 10 11 12 13 14-1
§i0; 38.23 | 37,29 | A4.57 | 48.06 | 38.30 | 40.95| 49.77 | 53.65 | 73.46 | 58.02 | 62.06 | 69.99 | 78.67 | 67.38
Al o035 9.06 8,65 10. 32 11.80 9.21 114l 11,36 12. 93 6.71 11. 44 10. 61 13.79 B. 74 13.122
Ti0, 0.34 0.37 0.39 0.44 0. 38 0.51 0.48 0. 85 0.27 0. 46 0. 43 0.31 0.25 0.49
Fed 1.33 2. 10 1. 62 1.9% 2.07 2.30 1.69 2. 80 2.22 1. 86 2.30 2.18 1. 82 3.25
Fes03 1.47 1. 48 1. 44 l.52 1. 41 2.2% 1.65 1. 79 1.08 1.99 2.03 0.51 0. 43 0.94
Mn0 0.04 0.035 0.04 0.06 0.0% 0.086 0.05 0.07 0.05 0.03 0.04 0.06 0.10 0.16
Mg0 1.01 1. 30 1. 26 1.63 1. 50 1.68 b8 1. 64 0.83 1. 69 1. 36 1.01 0.173 1. 4%
Ca0 2.7% 2.98 2. 23 3. 46 3. 83 4. 14 2.119 1. 97 1. 32 1. 85 2.1 2.15 2.19 1.2
Na 0 1.62 1.53 1.91 2.3 1. 98 2.06 2.11 2.01 1.37 2.00 1. 94 1.12 2. 29 2.36
K20 1.32 0.88 1. 44 1.32 111 1. 19 1.41 1. 74 1.126 1.79 1. 67 2.47 1. 49 2.71
P;0s 0.06 0.0% 0.06 0.08 0.07 0.07 0.06 0.07 0.05 0.05 0.04 0.06 0.07 Dl
Ha0¢? 37.17 39. 12 30. 60 23. 40 34. 60 28.70 24.40 15. 30 9.20 14. 10 10. 40 0.5% 0. 45 1.50
lg. loss 5. 64 347 1. 28 3.90 5.51 4.45 3. 14 5. 58 2.22 1. 94 141 2.85 2. 56 1.29
Total 100. 04 99.87 | 100, 13 99.96 | 100. 05 99.61 99.92 [ 100,07 | 100,04 | 100.18 99.173 99.75 99. 79 99. 59
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Chemica

1 Component (%)
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Fig. 9 Chemical composition of the cores.

®7 BHHE, SAKEECERRMESRAERE.
Table 7 Result of bulk density, water content and effective porocity of the cores.
=} 7 b3 - B | gkt "%
17& 5 i fe
HE K| E B | & & (%) (%)
L= 1.805 1.806 1.302 38.1 50. %
2 1.782 1.782 1.260 41. 4 52.2
3 1.846 1.846 1.3171 34. 6 47. 5
4 2.010 2.010 1.624 23.1 38. 5
5 1.885 1.895 1.462 29.0 43.3
6 1.8112 1.846 1.406 28.9 44.0
1 1.945 1.945 1.556 24.9 38.9
8-2 2. 031 2.061 1. T5% 16.9 30.6
10 2.097 2.100 1.837 14.2 26. 4
11 2.331 2.334 2.112 10. 4 22.12
12 2.662 2.662 2.665 0.26 0.172
13 2.666 2.666 2.658 0.28 0.77
14-1 2.631 2.631 2.600 1.18 3.14
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Fig. 10 Water contents and bulk densities of the cores.
x®8 HEEABHE.
Table 8 Result of consolidation test of the cores.
E (s | oM | EERK | EHEEYN | ABES TR ER
7S | ps |KEW | Ptbeo | Pec Cec #¥mv c v
% kgf/cm? em?/kgf em2/d
1-2 2.607 37.2 0.995 90 0.952 1.01%x10°3 | 2.20x%10%
2 2.630 | 43.4 1. 155 119 1.17 1.24%1073 | 6.40%x 102
3 2.625 | 33.0 0.892 160 0.911 |[6.79x107%| 2.09x103
4 2.672 | 21.4 0.657 188 0.602 |4.05x1074| 2.80x10%
5 2.710 | 28.7 0.859 192 0.845 |4.70x107%| 4.65%x103
6 2.566 | 28.8 0. 7317 213 0.661 |3.50%x107%| 9.60x103
1 2.709 23.9 0.717 260 0.575 3.45% 1074 | 2.60x 103
8-2 2,694 15.8 0,434 580 0.518 - -
10 2.683 14. 17 0.414 610 0.262 w -
11 2.699 9.0 0.282 - - = -
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Fig. 11 Results of consolidation test of the cores. Fig. 12 Uniaxial compressive strength of the cores.
]9 —HNLCHEEEIE SR,
Table 9 Result of uniaxial compressive strength measurement of the cores.
ft R & | SKE |+ K F(MBEE | —%ER| W3 E I
7ES ﬁ?ﬁf3 Wn |ZEEF ps e it g e f Eziﬁ Esg
(g/cn®) (%) (g/cm®) (kgf/cn®) (%) (kgf/cm®)
12 1. 805 37.0 2.607 0.979 53.1 0.68 8610
2 1.712 411.1 2.630 1.094 67. 4 0.71 9450
3 1. 832 36.5 2.625 0.936 99.7 0.66 15400
4 1. 985 24.6 2.672 0.677 63.1 0.45 13700
5 1. 860 29.3 2.710 0.884 124 0.64 19700
] 1. 875 34. 8 2. 566 0.845 127 0.78 19000
7 1. 987 23.7 2.709 0.686 116 0.83 15400
8-2 2. 167 16. 6 2.694 0.450 122 1.03 11800
10 2.200 14.1 2.689 0.395 167 0.85 21000
11 2.276 11.0 2. 699 0.316 127 0.75 17400
13 2. 643 0.74 2.674 0.019 1550 0.35 454000

— g] —
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Table 10 P-and S-velocities of the cores.

_ P BB (kn/sec) S BOREE (km/sec)
27T & 5
X Y Z X Y Z
L%,?ﬁs 1. 71 1.117 1.69 0.765| 0.743 | 0.618
1-2 | & | 1. 86 1.84 1.73 0.793 | 0.768 | 0.656
5% .55 1.53 1.00 0.746 | 0.738 | 0.552
B | 1. 87 1.84 1717 0.807| 0.813] 0.770
2 @i | 191 1.87 1.79 0.826 | 0.829 | 0.829
4| 162 1.59 1.23 0.828 | 0.806 | 0.722
Efﬁ& 1. 99 1.98 1. 80 0.872 | 0.836 | 0.838
3 M| 1.99 1.98 1.84 0.882 | 0.853 | 0.878
iR | 175 1.175 1. 40 0.973 | 0.939 | 0.884
H# | 2.10 2.01 1.81 1.03 1.03 0.887
4 & 212 2.03 1.87 1.08 1.08 0.960
gle | 1,71 1.65 1.25 1.01 0.831 | 0.781
%fzé 2. 11 2.10 1.98 1.07 1.05 0.937
5 S | 2. 16 2.15 2.05 1.09 1.06 0.932
| 2.00 2.00 1.70 0.828 | 0.814 | 0.744
l%fzé 2.36 2.34 1.69 0.943 | 0.922 | 0.831
6 B | 241 2.36 1. 86 1.01 0.960 | 0.961
2K | 2,22 2.21 1.24 0.842 | 0.907 | 0.823
(%f:& 2.33 2.31 1. 92 0.930 | 0.926 | 0.984
7 M| 2,37 2.35 2.04 0.995| 1.03 1. 04
iR | 2,07 1.92 1.35 0.818 | 0.746 | 0.785
%%& 2. 48 2.53 1. 44 1.03 1.05 0.698
8-2 M| 2.51 2.54 1.62 1. 07 1.09 0.852
B4R | 2,43 2. 417 1. 30 1.03 0.948 | 0.641
HA | 2.92 2.94 2.09 1.08 1.07 0.999
10 B 296 2.96 2.50 1.12 1.1t 117
Bt | 2.53 2.55 1.52 1. 07 0.969 | 0.817
H# |2.18 2. 16 1.717 1.20 1.13 0.893
11 & | 2.19 2.18 1.75 1.19 1.17 0.849
Bl 2.08 2.13 1.71 1.08 1.19 0.829

Tl DA AR T, BRRED X, YCEYE) ©
PE#ER, CEBTI21.77~2.35km/sec, D& T ik
2.17~2.93 km/sec D% <L, No. 11 Zf<{ &, 4.3
TRz EREOBEE L D e/haRiEE 2
3.

IS WHER RS b, B D HEE D434 S4BT
TAERE AR TS, FCiR Z As X, Y AL A
Vb DR, EHREOTEEREL D bRERbD B
Reisd, HBREEOX, YO 0 S g, CE
Tt 0.75~0.93 km/sec, D ETiE 1.04~1.17 km/sec
E B,

5.9 ERERDAIE

GG ERIE I, 5.8 OIS EIE TR W R
Wefiode, MIERGFEHRARUVERKET, X, Y AR
DWW TITo ke, AW EESRE, BINE TR

Fer (QTM-D2) ©h 3, HEESLEEKIC> % 5 EfT
vy, FOTHERIEME L, F 11 ICHEGE (B8R
o), B15 CEEE:OBFERT,

EE T 2 BEEEOELE R, CEBLDED
EBRTHs B EATFOLNS, CEHO No.5 L6
OMT L BEROE AR s nS, BEERE - HERRE
TS FL - FRIEEE (K ) Ic X o THIRERm R 2R
Br, &7 —%OFHT29.9mW/m? i 5,

5.10 [EFEAKDHT

T 74 Ty =N LI a7 OFuLERs SR L 725
F200g 12,400 ml OFEFEAZINATAZ A LR E L.
Fhemiosi - CEME I REL, LB
WERBIL Tt L7z, R E2R 12 R UE 16
W,

pH it No. 10 2w 8745w L 9.5 DEZTL,
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Fig. 13 P-wave velocities of the cores. XY and Z indicales horizontal and vertical direction of

the core, respectivily.
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Fig. 14 S-wave velocities of the cores. XY and Z
indicates horizontal and vertical direction of
the core, respectivily.
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Table 11 Heat condictivities of the cores.

(m)yadaq

B oz ¥ B O# ¥ # (W m-°C) HTHER * | MR
TES {(x1072°C/m) | (nW, m?2)

1 2 3 4 5 £ o¥H #

1-2 1.287 | 1.297| 1.296 | 1.280 | 1.275| 1.289+0.005 1.88 24.2

2 1.245{ 1.255 | 1.275| 1.286 | 1.255 | 1.263+0.008 1.88 %37

3 1.235 | 1.265 | 1.307 | 1.235 | 1.265| 1.26240.013 2.22 28.0

4 1381 1.370 | 1.387| 1.387 | 1.387 | 1.383%0.004 2.22 30. 7

5 L2210 | 1175 1.206 | 1.2865 | 1.193 | 1.211%0.017 2.22 26. 9

6 1. 464 | 1.499 | 1.492 | 1.492 | 1.542 | 1.498+0.013 2.22 33.3

7 1470 | 1.506 | 1.478 | 1.542 | 1.535| 1.506+0.013 2.22 33. 4

8-2 1.820 | 1.963 | 1.884 | 1.841 | 1.810 | 1.864=0.029 1. 94 36.2

10 1.830 | 1.884 | 1.884 | 1.851 | 1.841 | 1.858=+0.013 1.64 30.5

11 1.969 | 1.982 | 1.975 | 1.891 | 1.980 | 1.879=0.004 1. 64 32.5

*E:RKIER

Heat Conductivity(W/m-K)
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]
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Fig. 15 Heat conductlivities of the cores.
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5.12 1E#% - RaFLRa4h

e - R O OBl FOFIETIr - 7o, #2iE
¥ 15 g BE R R L, WREYUEIC X D REBESY & ik
LTins, 7 v{bkRNE CHRBEE OFRE LR OR
bxAT5., RCHEEK L DB o8, BEL, #H
T4, BHINLI-EEE T 2 b ) AMBEI L0, fHY
POV T — A ZIiASEL, ki KOH 48T
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Table 12 Result of core water analysis.

(mg/1)
17ES | pH Nat K* Ca?* | Mg2t | NHg* | HCOs™ | S0427| NOs~ cl- Br- -
1-2 9.0 3401 134 58.9 21.8 36.1 1550 83.5 8.00 4423 8.1 70.
A 9.1 4186 | 142 69.5 25,3 94.3 | 1670 79.7 = 9583 65.0 44.
3 8.8 4458 128 53.3 24. 7 96. 5 914 46.0 = 6223 44. 1 30.
4 9.0 6871 229 44. 9 36.0 | 128 911 149 T6. 5 11185 18.9 18.9
4] 8.7 4144 95.2 35.3 55.3 56.0 482 105 3.4 6455 347 6.0
6 8.1 6781 219 T1.1 93. 8 43.2 441 140 5. 64 10490 68.9 23.6
7 9.2 7013 323 67.9 229 73. 6 624 253 4. 42 12078 49.4 54.4
8-2 9.1 57217 67.0 76.2 97.3 4.3 3946 3435 11.8 4729 23.6 11.8
10 10.7 4647 92.8 42.2 192 99.4 914 199 1.7 9818 | 1780 463
11 9.5 5294 449 119 234 123 3146 1396 5.5 502% 364 69.
Chemical Contents(mg/1)
pH Na* K" Caz+ Mg2* NH:' HCO: - S0:2-  NOs~ c1- Br- I-
0 50 150 100 300 50 1501000 3000 0 1000 O 0 800 200 BOO
pl 8 910110 l40|00 (800D 2?0 lmlﬂo : 1?5 lu ; 200 | 100 0 2000 I4m|)0 500 |15|00 4|0 800 Tsuloo 1000015000400 0 400
| . . L] . ° . . o . @ 3 ° ]
= L] . . . L] 0 . . . . 3
% 1000 . 3 . . . Y 3 ] > —
o
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= . . . . . L] . » . » .
2000 -
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X16 A S TR,

Fig. 16 Results of pore water analysis of the cores.
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Table 13 Result of organic matter analysis of the cores.

TOE W E BEHM oM R (%) ® & (%) Hy
TES (%) {ppm) | Ch/Co
PatNa Ar ONS Res HyE Ct Ci Co

1-2 | 0.0520 | 2.78 | 4.53 | 25.13| 67.56| 7.31 | 1.69 | 0.83 | 0.86 38 0.0038

2 0.0437 | 2.19 | 4.63 | 24.10 | 69.08 | 6.82 | 0.96 | 0.21 | 0.75 30 0.0034

3 0.0589 | 2.38 | 4.91 | 24.53 | 68.18 | 7.29 | 1.30 | 0.47 | 0.83 43 0.0045

4 0.0332 | 3.07 | 5.49 | 24.59 | 66.85| 8.56 | 1.08 | 0.46 | 0.62 28 0.0039

5 0.0363 | 2.26 | 4.62 | 19.43 | 73.69 | 6.88 | 1.00 | 0.47 | 0.53 25 0. 0041

6 0.0320 | 3.06 | 5.49 | 19.48 | 71.97| 8.55 | 1.15 | 0.57 | 0.58 27 0. 0040

1 0.0244 | 2.86 | 5.56 | 28.24 | 68.34 | 8.42 | 0.90 | 0.27 | 0.63 21 0.0029
8-2 | 0.0226 | 3.10 | 4.43 | 26.48 | 65.99| 7.53 | 0.58 | 0.12 | 0.46 17 0.0032
9-1 | 0.0151 | 8.31 | 5.83 | 21.19| 69.67 | 9.14 | 0.39 | 0.04 | 0.35 14 0.0034
10 0.0186 | 2.80 | 4.85 | 25.32| 67.03| 7.65 | 0.41 | 0.08 | 0.33 14 0.0036
11 0.0243 | 2.55 | 5.34 | 24.16| 67.95| 7.89 | 0.62 | 0.29 | 0.33 19 0. 0050
) TOE : £HEEFHY), PatNa: 0 77471777 RRI{EIKFE, Ar: FEEE(KE, ONS: SEB%E - 2% - HH

L&Y, Res : B &, HyE: PatNatAr, Ci : #EFER S, Co: HHEHEE, Ct: Ci+Co, Hy : B LK =HyE X TOE X
100, Ch/Co: Ail{kE= (HEyx0.86/Co) /100

(w)yadaq

1000

2000

3000

TOE(x10°2 %) HyE (%) Ci(%) Co(%)
0 2 4 65 6 8 100 o0.5 10 0.5 1
¥ T T T T T T T T T T T 1

I

I

17 ERYHTHER,

Fig. 17 Results of organic matter analysis of the cores.
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Table 14 Detected number of the poren and spore fossils in the cores.

core No. 1-2 2 3 4 5 6 1 8-2

—
o
—
p—

Taxa

Arboreal pollen
Abies

Tsuga

Picea
Larix-Pseudotsuga
Pinus
Sciadopitys

T.-C

Ephedra
Metasequoia
Taxodiaceae 9
Salix
Carya
Pterocarya
Juglans
Carpinus-Ostrya 1
Corylus
Betula
Alnus
Fagus
Quercus subgen. Lepidobalanus 1
Quercus subgen. Cyclobalanopsis
Castanea
Ulmus-Zelkova
Celtis-Aphananthe
cf. Distylium
Liquidambar
Buxus
Ilex
Acer
Aesculus
Tilia
Elaeagnus
Ericaceae
Symplocos
Araijaceae
Nyssa
Fraxinus
Nonarboreal pollen
Typha -
Gramineae 2
Cyperaceae 4
Polygonum sect. Persicaria =
Polygonum =
Chenopodiaceae -
Ranunculaceae -
Myriophyllum =
Umbelliferae -
1
1
1
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Labiatae
Patrinia
Artemisia
Carduoideae
Cichorioideae
Fern spores
Lycopodium = -
Selaginella = =
Osmunda - -
Pteris - -
other Pteridophyta 28 27 5

TOTAL

Arboreal pollen 3
Nonarboreal pollen

Unknown pollen

Fern spores

Total Number of Pollen & Spores 4
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Table 15 Detected number of the foraminiferal fossils in the cores.

core No, 1-2

Species name

]

1

1630

8-2

2000

2200

10

Planktonic Foraminifera
Globigerina bulloides
Globigerina pachyderma?
Globigerina pachyderma
Globigerina quinqueloba
Globigerina quinqueloba

lobigerina apertura

logigerina foliata

}obigerina falconensis

1

B
t

obigerina druryi
obigerina SPP

lobigerinita clutinata
lobigerinita uvula
obigerinoides immaturus
obigerinoides ruber
obigerinoides bollii
oboquadrina altispira
loboquadrina dehiscens
loboquadrina SPP

loborotalia(G) truncatulinoides
loborotalia(G) tumida
oborotalia(G) cf. tumida
oborotaria(G) margaritae
oborotalia(G) conoidea
loborotalia(G) sphericomiozea
oborotalia(G) SPP
oborotalia(T) obesa
oborotalia(T) inflata
loborotalia Ti acostaensis

loborotalia{T) humerosa
loborotalia(T

oborotalia%T%

tosaensis

scitula
puncticulata
crassaformis
crassula

1

loborotalia(T
loborotalia(T
loborotalia(T
loborotalia SPP
loborotaloides hexagona
rbulina universa

rbulina SPP L
ulleniatina obliquiloculata
Pulleniatina primalis

TOOOMOOOD COOOOOOOO0 OOOOOMMOMD OO

Sphaeroidinella dehiscens
Sphaeroidinellopsis seminulina
Sphaeroidinellopsis subdehiscens
Planktonic F. G. & S.indet.

Benthonic Foraminifera
Ammonia beccarii

Ammonia japonica

Ammonia takanabensis
Ammonia ketienziensis ang
Ammonia SPP

[

—_
IMR— | == o ] ome | O

-
e te L

b= | el | — |3

s

LR T T T T T T T O T N T T T B |

L O - O I O I |

LI R I R O R A I I |

Amphicoryna
Amphicoryna
Amphicoryna
Amphicoryna
Astrononion

Astrononion

scalaris
fukushimaensis
SPP(fragment)
SPP
hamadaensis

SPP

o I I I B B A |

Baggina SPP

Bolivina pacifica
Bolivina spinesiens
Bolivina SPP

Bolivinita quadrilatera
Brizarina robusta
Buccella inusitata
Buccella makiyamae
Buccella SPP

Bulimina aculeata
Bulimina marginata
Bulimina exilis tenuata
Bulimina striata
Bulimina tenuata
Bulimina SPP
Cassidulina norcrossi
Cassidulina norvangi
Cassidulina SPP
Chilostomella ovoidea

Cibicides pseudoungerianus
Cibicides aknerianus
Cibicides subpraecinctus
Cibicides SPP .
Cribroelphideum yabei
Cribroelphideum SPP
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Table 15 Continued.

Cribrononion clavatum
Dentalina yabei
Dentalina SPP <
Elphideum kusiroensis

Elphideum SPP
Erlenbergina bosoensis
Epistomine]]a gulchella
Epistominella
Dridorsalis umbonatus
Fussurina marginata
Fussurina semimarginata
Fursenkoina SPP
Glandurina nlppon:ca
Grandurina §

[
1es st
1es | o
—
ol
[ I
[
LI A I |
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L I |
[
[
[
[
LR R |
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11 I 1or] | |
w

| N T I B - T |
—_
[ I I T — S B I |

o
LI R I - - I B B
| B I IR N IO B R B
11 1o poecol | |
L O A A B R B R |
LT B BT S I B |
L T T T B - B |
LN T U U I N N B B |
LI T N U A N A B |
LI T T A N A N R B |
LI O N A O A B B B |
ey
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Globocassidulina subglobosa
Globocassidurina SPP
Globobulimina auriculata
Globobulimina SPP

Gyroidena ? SP

Gyroidena orbicularis
Gyroidena soldanii
Gyroidena SPP

Hanzawaia nlgpcn:ca
Hanzawaia SP
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w
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Fig. 18 Results of pollen and spore analysis of the cores.
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Fig. 19 Frequency of the detected foraminiferal fossils in the cores.
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L, RZIIREANT S LI, No. 9 RUF 11 ic i35 1L
HACEDER L o708, FOMDY > 7 hic i
B < DA ELR L Tws, 19w L, No.7 &
Do FaiEn D FEEEORIS L AE {, detton
BMTHs I edbhrd, LT, No.6 I H EEE
TN EFEREORE IR E &, FIZt~rTH
BERHETH T EHESH S,

FHEEAFLRAEE @ X 2 BB IR K of 3 B i Oda

(1977) (ot 7z. BAREE AU Z OROMEOFHE=
LA DBFRS L, R16 RUF17 ko7, B17 11 E
MEREE RIS L O Th D, Ll iRl
DpE R TR RO EH AR 20 12~ d, No.lik
Globorvotalia  truncaturinoides, Globorotalia inflata,
Globorotalia tosaensis, Pulleniatina obliquiloculata @It
FWFES OB E,6, Oda (1977) @ Globorotalia
truncaturinoides TR HLEE L%, Blow (1969) ¢ N 22
AN T 5, BREEEO LBEREAIRES W LA E
Bzt 2 b 83, Sphaervidinella dehiscens OFF
R ER S ITHAIHE ICRE S L5 RS K X 1,
LB, TEMZT->-AKES > /b GFEE L,
YTV IIHEMHE IS 3 £ v RS S
T2 (FEEAH, 1992). No.2 & Gleborolalia inflata
LIAMICREE 2 I BFEPTAEE L 20 OT, EORICEYT 3
PR TH S, No.d iRt L & 2 8D 7m0,

Globorotalia inflata, Sphaeroidinellopsis subdehiscens
DIFAEZEHR I AE, 0da(1977) & Globorotalia tosaen-
sis Hiowftha s, No.d ik Globorolalia crassaformis,
Globorotalia inflata, Globovolalia tumida DHFEIZ L B,
Globorolalia tosaensis B\ ML S 415, No .54k Globi-
gevinoides ruber, Globorotalia tumida L, No.6
i Globigerinoides ruber, Globorotalia crassafolmis,
Globorvotaria humerosa, Globovotalia tumida, Sphaeyr -
oidinellopsis subdehiscens PHET 5, 72, No.7Tik
Globigerinoides ruber, Globorolalia crassafolmis, Pul-
leniatina primalis, Sphaeroidinellopsis subdehiscens #3
AT 5. ZhedDZ L XD No.5~No.7 i3 0da(1977)
D Globorotalia tosaensis wZxttb s, LLEO R,
5 No.3 56 No.T % Tl Globorotalia tosaensis &5 12
HbansZ Lk s, Blow (1969) @ N 21 #icfHY
L., #HEEREETESICOS S S, EEEEOH
BEFTE, EEROREED S=EMEHOTHE
ettt & 598, 1677 m iz CIE & D EoOER e
HGTHET S I Lo, 1677 m A BB - ZHERD
BREEZLONZYTHS .

1690 4 > 7 v i Globorotalia crassafolmis, Globoro-
talia conoidea, Globorolalia yuber, Globorotalia spher-
icomiozea, Globovotalia tumida, Pulleniatinag primalis,
Sphaeroidinellopsis seminuling WHEFET L2 En o,

®16 FIREMEFHE=REFRS (27 - b, 1986),
Table 16 Stretigraphy of the Neogene Systems of the Kanto area (after Adachi er al., 1986).
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1979).

Table 17 Typical stratigraphy of the Miura Gmup and Kazusa Group (after Mitsunashi e/ af.,

1979).
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Oda (1977) @ Globorolalia mivzea conoidea w50 5
xttba s, Blow (1969) o N 20 Ficfi L, HiE
FRIEH ST, BREEO —fEFLTE [ ~F
o % b & 1B, No.8-2 1 Globigerinoides ruber,
Globovotalia conoidea, Globorotalia sphericomiozea 73
HIF¥ 2, 2000 %> Fnizi3, Globovotalia convidea H3
PEHRT %, No.9-1 i3 A AL bR 2 B LA v, 2200 4

P NTIE, Globorotalia conoidea, Globorotalia spher -

icomiozea, Globorotaria tumida, Sphaeroidinellopsis

seminuling BILAF T 5, No.8-2 55 FE T Globoy -

otalia crassaformis DIPEH LWV Z 5, No.8-205
2200 ¥ > 7@l Oda (1977) @ Globorotalia mivzea
conotdea 75 Pl a 2 L% 2 54 %, Blow
(1969) @ N 20 #ic#HY L, HEFE I g~ pi Attt
T, BRI B 2 =aliEHLTFE TR S S,
No. 0w idHFAREGHESRL vy, No.ll Tl

Globoquadyrina dehiscens, Grobigevina druryi, Sphaey -

oidinellopsis subdehiscens 3 1LFF§ 5 2 £ 40 6, Oda
(1977) @ ( }‘/c)bommlz'a cf. miozea conoidea Hr 26t &
hé nREMES B 5 ElL kv, FEWNLHKE S
,Mbamﬂﬁ(ﬁmEﬁ,ww)fu,NN%%
(Martini, 1971) E&8, CN 7 b(Okada and Bukry, 1980)
rttb s A nfREM R L Twnd, LKEF > B O
FEEABE T, A AL ETEEREREE w
STLOAHEMED S 2 (BRYL-ih, 1991). HEEEHFK L]
thri R b 5. Vi ILOEHD R, SRR
NEWI LS, SEOFATETEM»RKS2{TI 2k
BTE Lo, S, AKEFy/Easmziz L b
PRI AT Z L AETEL T B,
KPR S =R BE R A E 3 A, Oda (1977) 12 &
NS, Globorotalia truncatulinoides DR % & - T, &
e B OERSHTE I N T WA, JiUciE 2L B
mﬁ/;:ﬁﬁﬁﬁVorz No.2 DRz, %7,
FENLAKE S~ 2 EEORE Lhid, wWQOm
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Fig. 20 Result of the planktonic foraminiferal analysis.

MizigEansd (FEAMH, 1992), hs0HEELS,
A BT L2 EME B oAE R ITEER S500m
FEFETLZDEFZHNG,

RECEESEFLR{EAIZ X 2 HBBEOHEEZTS. &
REOHET RS- (1989) OXHEIZHE - TiTo 12,
B 21 i E R EETFLROBELHEE 273, HEHROR
HicHEoWT, Tos b eiEeE L.

(1) Gyroidina orbicularis-Chilostomella ovoidea 7
(No.13>7n)

2 DEENC I AIKE O Gyroidina orbicularis, Chilos-
tomella ovoidea, Sphaevoidina bulloides, Oridorsaris
wmbonatus, Siphonodosavia &7z £ 0 b~ HEEEE L
HSLEET 5,

(2) Bulimina striata- Cassidulina norcrossi
(No.2~No.4 4> 7n)

e OFREBOEILRIEGDOESRE, JIKEED
Bulimina striata, Nonionellina labradvicion, Cas-
stdulinag norcrossi, Ovidorsalis wmbonalus 7t £ _E~
LR, Cibicides aknerianus, Pseudononion
Japonicuwm 75 ¥ ORNTEEE D .

(3) Melonis pompilioides Uvigerina akilaensis &
(NO.5~No.7 %> 7))
e ORBICIERIREREO Melonis pompilioides,

Melonis parkerae, Uvigerina akitaensis, Bolivinita qua-

drilateva, Bulimina striata 7x ¥ O b~ i e fE

WEHEET D,

(4)  Globobulimina spp-Nownionellina labradricum Hf
(No.§ #>7n)

ZOEBZERR AR WY, AIKEEO Nonionel -
lina labradricum, Globobulimina spp., Loxostomum
bradyi 75 ED I ~FEEEEEMEN L S E L, &
WERE O Cibicides aknevianus 21£5 .

(5) &fbatr (2000~No. 10 4> 7))

INSDHBEEEAOL W LELETH S,

(6) Martinottiells communis Mevonis parkerae T
(No.11 # > 7)

ZOFEEN I EB LRI E O Martinottiella com -
munis, Cribrostomoides spp. & 41 K B & O Melonis
parvkerae, Uvigerina proboscidea 75 ¥ 0 b~ &35
AR Cibicides 7o ¥ OEEHRE LM FHEDED 6 h
5.,

LIEoORREREST 5 £, #HERMEEE T L~
Pl OHRERESHEE S A,

6.1.2 EEoxtkh

BEE 2579 m AT ieafmt 2 EEiIE, EiioDEER
IHER e A BEEBERTIEL TWwa, BBIC L 2 P
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Fig. 21 Result of the benthonic foraminiferal analysis.
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Bifia 72 kD iR omeEic ks 2 HiEE s R
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T LMEROACTICB T 2 aEEN R EnEFEZ S
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BOFECEFREE ST,

6.1.3 HhEfaEfR}

AR & 3o, HiEEEHRE I X 2 @R Ao ER A
i3, BlEECER AR AT L E Bio s U 2 HITE ik
EEoHBO AR AETIER L, 77 v 70mT AL
PHEHERL TV O EMESNLIDT, ZITIEC
EROD B DWTHS 2173,

C & (EfafEms oEsiafing, Badt, JtE~mEhE
FiEE A RETHY, FOMOTMEAR L, 20
Z EiEAJEo ERREDSHER L RO MR O a8,
THE-EsATIEAWLEARICH T L 2R LTS

b rEzohd i ABE,CBFRIEEHEAED
BT, FACZ 2> TdbAMSE#T 2 X R
25,202, CEBOTHL S EFIcER»HL &
L= T, HROTLBRACHACEHLTWwE T
EERRLTWALOEEZ NS (TEL - (A, 1988).
—J, DE (SRS cBL TiE, #1900 m
BEICLT, TR I0 EEETEHTEER TR E L
BizoTwd, E72FEEE, ERAD 1900m » 6 THT
it, EFiclbRTREL B2 TWwE I EWbhd, OF
0D, BOFHMEEECLT, DEOLSETHTH,
HREBEEORE TN b ELZ NS, BEMIC
i, D, [B~D, BRI, TLEOEHE S LE AT
WCHERE QL LATERE L= 058, Dy 8O RHLIE W i3k H
RWLETEICEE LI LHEESRS, 202 EREE
THBHRICHEE S N TV A BEE T O AR &
A OBMRBEHEZOTRERAE I », Thhbb, =H
[ETEDHTZ v L £ CRIRTFEE O LIRS IEEE TH >
Dhs, ZiEFHOEH» sint s, BB
B RV R T~ TR T L2 &8, L
F—y bSO TS (EA-fih, 1983). LEIROMEF
Fr oz, ZoWmEs D, BorHIICHE £ - 72 nlE
HETELTns,
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6.1.4 HHEE

X 22 iz, BFEEBANHICE T2 P T, WES s
BRLIZ TR R HEHERS & & biomd, 7T— 538
ARefl (1981) ick 3, &b, HERD L P ke
O iZI 2 2ERNE S, Thbb, BT
1.8km/secZc s L2.5km/sec, =#EHETIE2.5km/sec
L 3.3 km/sec, PHEZHETIE 4.0 km/sec oW
L5.5km/sec ® P HHEEICHEEE®E I EMNTE B,
B, aH B LT, HREEOTIC 2.2 km/sec
5 2.5km/sec I AT w PRI PEENST(LT 2 87
DHDH, ZOERFEEINSm) #EICLT, 2 7HREK
R LT - (BFWEE, BE, BB, SKk%,
HEAETRAE) RS AELTEY (HBfE-fi, 1983),
MT—IroBEEINIm % LREHL=HERLO
BHcd 2338 RnEEzons,. SHOBHERET
H5,

ZDEDE, BHBOSATE P EE & OB e
BfRsid 2 Z EBlbros0T, BRITkEER ST
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RELWRHEVPEET LI EFZ 605 (K55,
1985).
Rica7HER L 2 P IE L, FTHREE L ot
#1795, 5.8 Tz & 9, 3 7 HRBROAEMIZZ IR
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bR TH 2 AT, 1985), 27 OHIEEO G
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R S A F S OB 2 T I L B 7 7 v 7 OF
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6.1.5 ZEHIE
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FEEIEE AT, BE L PEEE LR, SiEsy
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Fig. 22 Correlation between P-wave velocities and the stratigraphy of the deep observation

wells.
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Fig. 23 Correlation between bulk densities and the stratigraphy of the deep observation wells.
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Fig. 24 Terrestrial heat flow distribution of the Kanto area. Contour interval is 10mW/m’ (solid
line) or 5mW/m* (broken line). Solid circle indicates the Koto well.
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Table 18 Summary of the stratigraphy of the Koto well.
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0~ 1.6 18 +
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40. 8~67. 5 A, EEHE |RIEHH rea
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(a) YUMENOSHTMA-TAKAOQ

Bg25 {LHH & xfbh U7 ar il ofiE, () F‘?*‘@E'j e TR AT AR AR AR (15 - 4th, 1978a),

2o RV EEEE (Ld-fl, 1988), CHBY LS F e R Jl/)lﬁifﬁﬁ‘ﬂﬂ‘ﬁ% (J'J]J
BE, 1984).

Fig. 25 Location of the geophysical survey lines which were correlated to the Koto well. (a):
Yumenoshima-Takao seismic refraction survey line (Shima ef a/., 1978a) (b) : Yumeno-
shima-Hiratsuka seismic refraction survey line (Yamanaka ef a/., 1988) and (c) : Tokyo
Bay multi-channel seismic reflection survey line (Kato, 1984).
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Fig. 26 Comparison between the results of the geophysical surveys and the geological structure
of the Koto well. (a), (b) and (c) corresponds to these of the Fig. 25, respectively.

THEEERE, L7 — & 280 U 7o P R sk oo #Y
B OHEE 21T 5.

6.5 RREBEDOHEREE

6.5.1 PHEEHOFLH7— & OMRS

ILHERH TR ONTHERURET —¥ R, Wi
F TSR R SN TEMB S L O T —
&, I RELEFOMERES RS LT, EiE
FA A b o Hi BT R O fRE B el B

RO A0 -EFR, 27 fIAER, X
28 [2EH I L ST AR 2R T, BILEOFIE R
HIFB LA 1238 19 DICENT L - 7o, AL o HE B R
i, T—F o Twa EEs A Iz T,
MEFERN R PERHEER (kU SP) 26T,
FLIHLER 2R U 72 (R 29), HE X aie owTid, B
W T k- THIEEN R TWwWaDT, B
ERPZERE T RICAVLOR TV AHESIC L - T
RFSE, HEEREIFELWHDOIFELUEHIZL -
TE e, Thbt, THEHEE2EVT, Eirs TR
[EEF (BB 1), FARFEEE (R H R ~ R AT T I,
= EEE (DA BT~ TR (), BRI T8 L SR (i
AR BMUMEFETREKS s b, FEZLLE
OERIROHERI ORI 16 R 17T #2820 2 k.
EHEOBER oS 5, THREBRE L EBEREORER L, W
HOSHSHEML Cwaicsh, 4y 77 RESHEN
i o BEBINEETH Y, HHeEICL - TEFOM

ZEWHH L, TOLY, K1V RTEL2AD OFRE
EHEATHLLILOEEESNS, SBRBEESICL 2H
HESThhAT, £ 19 TR THEERI LV EEI NS
AfREERH B, i, LEEHO TRICELTY, Gl
OF—5FEL LTHME, BEXBRERVESRAILHIC
F o TRAMTbILT WA, L L, TR, MEmEEIMIT,
IHEEED LT, BrOT—¥ho HEEHOIEER
LT, BESMREOLEPIEDS SP 23 LiEE
BEE PG L OBt CHEEICEME L Tw aETF i3 e,
£, BEOEL D v T v OBBL LA MHEN, F
AUE EBEERT (AR TS s, chod 2 L i,
EEE DS O THIE K S 4175 & L O W
ETRTEDTHD, (ERDLEBEOEKERS b RE
AMABLERDLLOEFZoRD, H29ZB T
b, EH ZKHDRE > BH0 AR ORIEIZ,
MEDLELTANBHO LMWL, R CEHLZINZ T
Wh, FOBEE L LT, NG 0EE B EEEG LRI X
L ERF R L EERECTMRE I L 2 HEMD, FLIE
WCEL T FEEEOMOBEIHA TS 2 Z L2345
Wag, £, o SHOBEEWE, Bl 2 BT
Bl & M 7- PEFEHT 2000 m DFLFHT, HEEETL AR
FEA A & FIBEEFOISEE S 1400m THAD Z LD
B o 2 BN FOBHTH S $8K, 1994), ¥
Thb, Et ey aHORHEYREY -7, ZoAHF0 L
O ERLP A RLTED, FOEELIZIET--HL

= 1) —



LR AR BRI OB & MBS O E RS - $0K

®19 L0 fLAOBRSRE2TOBFE WG T 5.
Table 19 List of the referred wells. Numbers of the list correspond to the numbers of Fig. 27.
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Fig. 27 Location of the referred wells. Numbers in the figure correspond to these of the
Table 19.
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X28 SEHSIEOMEE I o7 R, B BNE 2T, SR L CEILLTOE D (BB,
1988 ; &FJs-fih, 1976 ; fIEE, 1984 ; #H, 1993 ; Koketsu and Higashi, 1992 ; #FIE, 1992 ;
WHEE - /I, 1980 ; I8 « flt, 1976a ; W& - fth, 1976b ; W8 - fi, 1978a ; U8 « fill, 1978b ; W& « ff,
1981 ; 857 - fl, 1993 5 [Lish»ft, 1986 : (b« fih, 1988 7 (L« i, 1991 ; MRS - fih, 1985).

Fig. 28 Location of the survey lines which were used estimation of the geological structure.
Solid circles indicate the explosion sites. Quated papers are as follows: Hasegawa,
1988 ; Kasahara et al., 1976 ; Kato, 1984 ; Koketsu, 1993 ; Koketsu and Higashi, 1992 ;
Saitamaken, 1992 ; Seo and Kobayashi, 1980 ; Shima et a/., 1976a ; Shima ef al., 1976b ;
Shima et al., 1978a; Shima e/ «l., 1978b; Shima et al., 1981 ; Suzuki et al., 1993 ;
Yamanaka ef al., 1986 : Yamanaka ef «l., 1988 ; Yamanaka ef al., 1991 ; Zama ef al.,
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