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Shal low-level subsurface three-dimensional geological modeling
based on analysis of borehole data
. A case of the northern Tokyo and the southern Nakagawa lowland area
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Abstract: The article presents a 3D geologic modeling method and, constructed by this method, a
precise 3D geologic model of shallow-level subsurface geology in the northern Tokyo and Nakagawa
lowlands and adjacent area. The modeling method based on borehole data analysis consists of (1) the
surface modeling of the base of the Chuseki-so (the latest Pleistocene to Holocene incised-valley fill) ,
which has been improved by interpolating borehole data and (2) a 3D grid modeling of soil classification
and N-value, constrained by the above surface model. The 3D grid model is very useful as not only
geologic expression, but also the ground model of seismic response characteristics, because this can be

converted to be S-wave velocity model.
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Fig. 1 Index map of the study area, which is marked by contour lines of the basal surface of the latest Pleistocene to Holocene
incised-valley fills (the Chuseki-so) in the Tokyo and the Nakagawa Lowlands (after Endo et al., 1983). A square area
in the map indicates the surface model area of the Chuseki-so presented by this article. Closed circles with abbreviation
show the borehole sites referred as the standard stratigraphy of the Chuseki-so in this article.
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Fig. 2 Stratigraphic columns of the Chuseki-so constructed based on the borehole cores (Kimura et al., 2006). Molluscan
assemblages (Nakajima et al., 2004) A/E: interdidal zone, B: subdidal /intertidal zone, C/F: subtidal zone, D: subtidal
zone (inner bay). GS-SK-1:Ishihara et al. (2004a), GS-KM-1:Miyachi et al. (2004), HA+DK :Ishihara et al. (2004b)
The sites of the columns are shown in Fig. 1.
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Formation of primary point data

(@ Chuseki-so basal plane based on borehole data
—» @ 3D boundary lines between alluvial lowland and upland areas

@ geomorphic surfaces of upland area based on 5m DEM

L2

Integration of primary data

1 1Ist step: Construction of the surface model
1 of the Chuseki-so basal plane

Division and recognition of buried paleo—geomorphic surfaces

Y
Adding secondary point data to adjust the form of

@ boundary |ines between buried paleo-geomorphic surfaces
different in the formation age
® continuous flow channels of incised-valleys

1 2nd step: Construction of the surface model
1 of the Chuseki—so basal plane

Evaluation of 2D view image from No
a geomorphic feature viewpoint
Yes

® Formation of point data (50m mesh) of each buried paleo-geomorphid]
surface area based on primary point data of borehole data

2

@ Adding secondary point data to adjust the form of continuous flow
channels of incised-valleys

1 3rd step: Construction of the surface model
1 and 3-D image of the Chuseki-so basal plane

A4
(/’Evaluation of 3D view image froni::)

\__a geomorphic feature viewpoint
Yes

No

Goal
5K MBS VOISR ORFED, 2013)

Fig. 5 Flowchart depicting the method used to construct the surface model of the base of the Chuseki-so. (reprinted from
Kimura et al.(2013) )
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Fig. 6 Contour maps comparing the surface models of the base of the Chuseki-so constructed in the first and second step of the
modeling procedure. (reprinted from Kimura et al.(2013) ) (a) A surface model calculated based only on the primary
point data of borehole data (D of Fig. 5). (b) The first-step surface model calculated based on all primary point data
(O ,®@,® of Fig. 5). (c) The second-step surface model (see Fig. 5). Open circles: primary point data of borehole
data, Rectangles: secondary point data. Black line: boundary line. Contour lines in the upland area in (b) and (c) are
calculated based on 50-m mesh topographic elevation values. Contour interval: thin lines at intervals of 2m and thick
line at intervals of 10 m. The location of the area is shown in Fig. 8.
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Fig. 7 The second-step surface model of the base of the Chuseki-so calculated using both primary and secondary point data in
the model area. (reprinted from Kimura et al.(2013) )
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Fig. 8 Surface map of buried paleogeomorphic units constructed based on the second-step surface model of the base of the
Chuseki-so. (reprinted from Kimura et al.(2013) )
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Fig. 9 Spatial relationship between the surfaces of different buried geomorphic units and primary point data in the third-
step surface model of the base of the Chuseki-so. (a) Diagram showing the relationship between the geomorphic units
and the distribution of primary point data. (b) Diagram showing the geomorphic units over a 50-m mesh grid and the
distribution of point data over different geomorphic surface. Note that for (a) and (b), the point data marked with the
same color belong to the same geomorphic surface. The abbreviation and the location of the figure are the same as for
Fig. 8. (reprinted from Kimura et al.(2013) )
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Fig. 10 The third-step surface model of the Chuseki-so basal plane in the model area. (reprinted from Kimura et al.(2013) )
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Fig. 11 Perspective view of the third-step surface model of the base of the Chuseki-so (Fig. 10) in the model area. (a) View
from the south. (b) View from the south-east. Vertical exaggeration is X 10. ( reprinted from Kimura et al.(2013) )

78



A= v 7T — RN & i T ARG O = koee T Y v 7

ME=ZRTIVIFETIL

=

N

R RCIOEE

v

IR TR

xR IL=0
El:S
FRE T R LA D UL

I

R RCIOEE

+

EFEWALE L

R ZR =0
Fi=1
f o R LD D UNEE

:

wENRCLORE |

R E =0

[

RERE = 5T
Ty EETIV

12

\

J

ARF—HH=UTF—5)
[

v
| mrEzEEONE |

v
———{ mmmEzEmET |—
ORN EZTH
v v
JUyFEF IV Uy FET IV

@

AHNT-HCPTER)

AHT—5(EHH)

o¥ '

Q@ [ owscsamm

@ [ nmmcEmmnons |4
v

®
® |

D[ xerm-zaramm |

HE=ZRTIVYRET IV
: 2
wEngCIORE |

¥
S EET B
® = ) s
[ mEm=ss
@ L'B"Jw Ff-?'}ic ]

ZWoL 7 U v RET AR ORI

Fig. 12 Work flow chart of the method to construct the 3D grid model



ARASTEC - AR - PHILIE — - A G- RR

a Borehole log
: ﬂ
sl I
2| ¥
E| ~ h
< [E i
Longitude
Il
b Eight-sector search
3 ° A4 .
RN
o |
Datapoint\\ \ i ,//
VAR
IR
g| | ormest
2 Grid node - 17 o
5 \ et ) A8 L
NARES
] L .
7/
R\eferﬂnce ralnge: ‘R
Longitude ‘
c Regularly grid
@
S/
T Boundary of
o ¥ Chuseki-so
E1
<

Longitude

%13 “Woe 7 ) v RET RO A

(a)
(b)

(©)

(JLAEIE D>, 2008)

A=V v TRHARK D2 S5 A EATE D
/AT

Ty R — RiZBT 543 Eo
F—AHREL LT, SHEELSBH
N AR

WEHETEONZZY v R — D
2 I & Z L Z f A Ik
B RT.

Fig. 13 Schematic diagram of constructing a three-
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dimensional model. ( reprinted from Eto et
al.(2008) )

Randomly distributed borehole logs in

3D space, (b) Selection of data points for
calculations using an eight-sector search. (c)
Stacked two-D models with extra datasets.
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Fig.14 Locality map of borehole data and schematic borehole data around the northern Tokyo lowland and southern Nakagawa
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mesh is divided into the unit of the 125m length based on UTM coordinate system (zone 54).
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basemap: the topographic altitude map drawn based on 5 mDEM of Geographic Survey Institute.
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Fig.15 Schematic image displaying the method used to integrate the 3D grid models
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Fig.16a Index map of 125 m mesh and locality of vertical geologic sections based on the 3D grid
model basemap: Digital Map 50000 (Map Image) SAITAMA - TOKYO - KANAGAWA
of GSI The mesh is divided into the unit of the 125 m length based on UTM coordinate

system (zone 54).
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mesh is divided into the unit of the 125m length based on UTM coordinate system (zone 54).
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Table 1  The classification
and code of lithofacies
used in the 3D grid

model
ETILALER| o—F
3 40
b 30
il 20
e 10
Gt 50
aO—L 80
AIx 200
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Fok W)y FETMCET KT - BEMBIEEHIC L2225 7Y v FEOEE
Horizon: /K -Afif#], Vertical: TEAHM, F: LEE NEZZNENMALIZRD 5.
Table 2 The change of the numbers of the space grids resulting from the application of the horizontal and vertical
interpolation methods in the 3D grid model. F_: Lithofacies and N-values are independently calculated

each other.
T ZET IR , T ZET IR ‘
S —— | |2 ——— W
HiERE | BEE# a5t HHEE | BE =F

0 25,676 91,556 | 117,232 - 51 2,129 2,290 4419 Horizon
1 22,477 8,220 30,697 | Horizon 52 2,109 2,290 4,399 Horizon
2 20,093 6,032 26,125 Horizon 53 2,091 2,290 4,381 Horizon
3 18,056 4,667 22,723 | Horizon 54 2,075 2,290 4,365 Horizon
4 16,309 3,870 20,179 | Horizon 55 2,061 2,290 4,351 Horizon
5 14,835 3,336 18,171 Horizon 56 2,049 2,290 4,339 Horizon
6 13,537 3,012 16,549 | Horizon 57 2,040 2,290 4,330 Horizon
7 12,415 2,806 15,221 Horizon 58 2,038 2,290 4,328 Horizon
8 11,415 2,664 14,079 Horizon 59 2,038 2,290 4,328 Horizon
9 10,500 2,564 13,064 | Horizon 60 475 1,536 2,011 Vertical
10 9,655 2,482 12,137 Horizon 61 270 1,071 1,341 Vertical
11 8,892 2,425 11,317 | Horizon 62 203 671 874 Vertical
12 8,208 2,381 10,589 | Horizon 63 186 461 647 Vertical
13 7,591 2,349 9,940 Horizon 64 172 407 579 Vertical
14 7,037 2,324 9,361 Horizon 65 164 376 540 Vertical
15 6,543 2,308 8,851 Horizon 66 157 365 522 Vertical
16 6,096 2,296 8,392 Horizon 67 151 362 513 Vertical
17 5,684 2,290 7,974 Horizon 68 145 360 505 Vertical
18 5,312 2,290 7,602 Horizon 69 141 359 500 Vertical
19 4,971 2,290 7,261 Horizon 70 138 359 497 Vertical
20 4,665 2,290 6,955 Horizon 71 135 359 494 Vertical
21 4,391 2,290 6,681 Horizon 72 133 359 492 Vertical
22 4137 2,290 6,427 Horizon 73 131 359 490 Vertical
23 3,904 2,290 6,194 Horizon 74 131 359 490 Vertical
24 3,709 2,290 5,999 Horizon 75 55 353 408 Horizon
25 3,535 2,290 5,825 Horizon 76 25 349 374 Horizon
26 3,380 2,290 5,670 Horizon 77 21 345 366 Horizon
27 3,243 2,290 5,533 Horizon 78 21 341 362 Horizon
28 3,128 2,290 5418 Horizon 79 21 338 359 Horizon
29 3,028 2,290 5,318 Horizon 80 21 335 356 Horizon
30 2,937 2,290 5,227 Horizon 81 21 333 354 Horizon
31 2,853 2,290 5,143 Horizon 82 21 332 353 Horizon
32 27717 2,290 5,067 Horizon 83 21 331 352 Horizon
33 2,711 2,290 5,001 Horizon 84 21 330 351 Horizon
34 2,652 2,290 4,942 Horizon 85 21 329 350 Horizon
35 2,597 2,290 4,887 Horizon 86 21 329 350 Horizon
36 2,547 2,290 4,837 Horizon 87 20 329 349 Vertical
37 2,499 2,290 4,789 Horizon 88 19 329 348 Vertical
38 2,455 2,290 4,745 Horizon 89 19 329 348 Vertical
39 2,416 2,290 4,706 Horizon 90 19 329 348 Horizon
40 2,380 2,290 4670 Horizon 91 19 329 348 Horizon
41 2,351 2,290 4,641 Horizon 92 5 50 55 F_Horizon
42 2,325 2,290 4615 Horizon 93 5 24 29 F _Horizon
43 2,299 2,290 4,589 Horizon 94 5 16 21 F Horizon
44 2,276 2,290 4,566 Horizon 95 5 10 15 F Horizon
45 2,254 2,290 4,544 Horizon 96 5 4 9 F Horizon
46 2,232 2,290 4,522 Horizon 97 5 2 7 F Horizon
47 2,210 2,290 4,500 Horizon 98 5 1 6 F Horizon
48 2,189 2,290 4,479 Horizon 99 5 1 6 F Vertical
49 2,168 2,290 4,458 Horizon 100 0 0 0 F Vertical
50 2,148 2,290 4,438 Horizon
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Table 3 Schematic geologic column models in the shallow-level of the upland area

HEFEi T#E LA
EE N{E& E& N{E
AL 1 5 AL 1 5
A—L 5 5 O—L 4 5
whie 3 8 #t 2 3
b 2 20 iR 2 4
B | EE20mET 30 i 2 5
w 3 10
REEH iR 2 10
E& N{E& il 2 20
AIx 1 4 i RE20mET| 30-50
A—L 4 4
it 2 4 T#E thEg &
@ ZEE0mET | 10-30 | N{i&
AIx 1 5
(m N 5 5
it 2 4
B |[ZRE20mET| 20-50
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Table 4 Location information of vertical geologic sections (no.2 ~ 142) shown in Fig. 17.

s T R sk Hif

no. BE BE X Y BE BE X Y

2 35.71747453 139.7679689 388,500 3,953,063 35.71894714 139.9213421 401,375 3,953,063
12 35.72874237 139.7677954 388,500 3,954,313 35.73021559 139.9211902 401,375 3,954,313
22 35.74001018 139.7676218 388,500 3,955,563 35.74148401 139.9210381 401,375 3,955,563
32 35.75127798 139.7674481 388,500 3,956,813 35.75275241 139.920886 401,375 3,956,813
37 35.75465831 139.7673959 388,500 3,957,438 35.75613293 139.9208404 401,375 3,957,438
42 35.76254575 139.7672742 388,500 3,958,063 35.76402079 139.9207339 401,375 3,958,063
52 35.7738135 139.7671003 388,500 3,959,313 35.77528915 139.9205816 401,375 3,959,313
62 35.78508123 139.7669263 388,500 3,960,563 35.78655748 139.9204292 401,375 3,960,563
72 35.79634893 139.7667522 388,500 3,961,813 35.7978258 139.9202768 401,375 3,961,813
82 35.80761662 139.766578 388,500 3,963,063 35.80909409 139.9201243 401,375 3,963,063
92 35.81888428 139.7664037 388,500 3,964,313 35.82036236 139.9199717 401,375 3,964,313
102 35.83015192 139.7662293 388,500 3,965,563 35.83163061 139.919819 401,375 3,965,563
112 35.84141954 139.7660549 388,500 3,966,813 35.84289884 139.9196662 401,375 3,966,813
122 35.85268713 139.7658803 388,500 3,968,063 35.85416704 139.9195133 401,375 3,968,063
132 35.86395471 139.7657056 388,500 3,969,313 35.86543523 139.9193604 401,375 3,969,313
142 35.87522226 139.7655308 388,500 3,970,563 35.87670339 139.9192074 401,375 3,970,563
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Appendix

FHEEE 1 SRR 2 & IR F IR O MR LR E T 7 L ORA » T =2ty b (ETF—HREDE
—WRIEET V58 5 MBI ORFIEN, 2013 1I2H5<) BARA 2 ME50m A v 32 PR od xy FEEEME (m;
UTM B AERESR, 54 45) CHERMED z (m; TP) THREINTWD. KA v ML 94,535 5.

Appendix 1 Point data set of the surface model of the base of the Chuseki-so in the northern Tokyo and the southern Nakagawa
lowlands (the first step version of Fig.5; from Kimura et al., 2013)  Each point indicates a center of 50 m mesh, and is
expressed with a xy coordinate level (m; UTM coordinate system, zone 54) and an altitude level (T.P.; m). The number

of points are 94,535.

fHEEE 2 HAUERHAEES 2> & o) ISP Sk O R BEIEE T 7 L ORA > b7 —2 ¥ v b GERR; 5 5 K R)
(RAHED, 2013 12F63<) KR A 2 MEIS0m A v ¥ = HH S0 xy FEEME (m; UTM EASERE R, 54 45)
CHEFEED z (m; TP) TRISNTWD. KA FEIT 95,160 .

Appendix 2 Point data set of 50 m mesh covering the surface model of the Chuseki-so basal plane in the northern Tokyo and
the southern Nakagawa lowlands ( the final step version of Fig.5; from Kimura et al., 2013) Each point indicates a
center of 50 m mesh, and is expressed with a Xy coordinate level (m; UTM coordinate system, zone 54) and an altitude

level (T.P.; m). The number of points are 94,535.

FHEEE 3 HREHALER 2> & o IS F SR O SER A & =Rt 7 ) v RETVOEM (HH) (a) & NfE () ©
W7 —%ty b G 8 12 MO@ITHY) .  7—7 A ORIES (m; TP), ftliE 125m A v =
S 0 xy JEFEME (m; UTM BEAREEER, 5445 23, —AKERNOZ Y v R — R0 14,935 &, 4
AT 1508435 iThHD. ol (HH) 22— FOLBNTH 1| RESM,

Appendix 3 Lithofacies (a) and N-value (b) data file of the extended-integral 3D grid model in the northern Tokyo and the
southern Nakagawa lowlands (Full version) This model is equivalent to the step @ of Fig. 12.  The horizontal axis
of the table shows an altitude level (T.P.; m), and the vertical axis shows a Xy coordinate level (m; ; UTM coordinate
system, zone 54) of a center of 125 m mesh as a grid node. The number of grid node is 14,935. The legend of code

of lithofacies refers to Table 1.

FHEEE 4 FROEHALES > & o) IHMEHIFF R OFE S =Koe 7 Y v RETAOEM (1) (a) & NfE (b) Of7T —
Zty b OKF - WEAMFET 5 12 MO@IZHY). 7—7 VOIS (m; TP.), #tilE125m A >
¥ PR O xy FEIEAE (m ; UTM BEAJEE R, 5445 Zond . —AKFEHNOZ Y » K — REuE 14,935 45,
ERT 1209735 THD. &M (L) 22— FONBITE 1 KE2SH

Appendix 4 Lithofacies (a) and N-value (b) data files of the integral 3D grid model in the northern Tokyo and the southern
Nakagawa lowlands (Intermediate version) This model is equivalent to the step & of Fig.12.  The horizontal axis
of the table shows an altitude level (T.P.; m), and the vertical axis shows a xy coordinate level (m; UTM coordinate
system, zone 54) of a center of 125 m mesh as a grid node. The number of grid node is 14,935. The legend of code of

lithofacies refers to Table 1.

FHEERE S BURIRHALE 2 & ) IMEH BRI D IERRSE & =0t 7 ) » RET /L GERAR ; % 12 MO@IZHHY)
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([ZH3< 145 % (no.l ~no.145) DA (1B (a) & NAE (b) O # G HE MmN (H'E) Omifg4E (PDF
TrAN) SWEKIL X HICEATT, 1 Ay Y2 mIBER SN TNS. 1 7Yy ROW A X3KF 125m &,
BE Im T THD. WEKALETE 16 NBM. S (HH) L NEOLEIZA T 74 v0% 1 HE SR,
Appendix 5 Image files of all E-W directed vertical geological sections of lithofacies (a) and N-values (b) expressed based
on the extended-integral 3D grid model (Full version). Number (1/145 ~ 145/145) of each cross section means serial
numbers of the order from the south. The location of each section is shown in Fig.16. The size of a grid is 125m in

width square, and 1 m in height. The legend of lithofacies and N-value refers to the first page of each file.

HHEEEN e HURRHAEES 2> & P IMEHIF S DL A =R 7Y v RET /1 UK~ BEAHRM AT 5 12 MO@ITHY)
(235 < 1453 (no.1 ~ no.145) DA (HH) (a) & NAE (b) O HPE BT ia M O Eifg 4 (PDF 7 7 A V)
AW RIE X BT T, 1Ay Y amilERSNTWD. 1270 v FIZKYE 125m &, EBE Im B0 A
A THD. AWrmALEILE 16 B, A (HE) & NEOALFIEISE T 7 A4 VOH 1 He S

Appendix 6 Image files of all E-W directed vertical geological sections of lithofacies (a) and N-values (b) expressed based
on the integral 3D grid model (Intermediate version). Number (1/145 ~ 145/145) of each cross section means serial
numbers of the order from the south. The location of each section is shown in Fig.16. The size of a grid is 125m in width

square, and 1 m in height. The legend of lithofacies and N-value refers to the first page of each file.

FHEERN 7 R HALES 2 & o) IR R 03 0 iR g SR i 7 VB~ > 7 (KMZ B0 B,
125m A v =, WIBHEE&EER, MEEEERET v, WL ED oG Xy, hEiEREmET v
DT F7Y 7 3D ; |H) BNEENTND. FXEOFEIL, AFIED (2014) OARLEB L O 14 4, %16
b,c 2. el 77U T, ERFOREREITRICE > TER - itk shi.

Appendix 7 The maps of the base of the Chuseki-so in the northern Tokyo and the southern Nakagawa lowlands (KMZ
format). The maps include 125m mesh, the topographic altitude map, the surface map of the buried paleogeographic
units, the surface model of the base of the Chuseki-so, and its anaglyph image. The details refer to the main text and

Figs. 14 and 16b, c. The anaglyph image is made by Kishimoto K. (AIST) .
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