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This paper attempts to investigate if and how reasonable surficial densities can be
obtained through the gravity-based inversion particularly in the Ishikari Plain, one of the
major plains in Hokkaido, which as a whole consists of Quaternary sediments and volcanic
deposits. More than 23,000 gravity data are successfully inverted for mapping the lateral
density variation of the surface terrain above sea level in the Ishikari Region of western
Hokkaido. No a priori condition is imposed in gravity data except that Bouguer anomaly
distribution expressed by a third-order spline function is smooth relative to the topographic
distribution. Density distributions are calculated based on the Akaike’s Bayesian Informa-
tion Criterion in which optimum trade-off parameters control the smoothness of Bouguer
anomaly surface against its fitness to the observed gravity. In general, the result shows that
the estimated terrain density correlates well with major geologic units. The estimated
densities are in a range 2.2 ~2.5 g/cm?® in the west mountainous area of the plain, where high
gravity anomaly is dominant over the Neogene volcanic rocks. In most parts of the plain,
however, the estimated terrain densities are rather small (1.7~2.2 g/cm®). In particular,
considerably low density estimates are obtained in the southern part of the plain, where
estimate errors are also unreasonable. In some regions the estimated densities show some-
what large deviations from the above general trend and tend to be unreasonably large (> 3.0
g/cm?) or small (<1.5 g/cm?).
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Fig. 1. Locations of gravity stations used in this study with shaded image of

digital topography. The study area is subdivided into a series of regular grid
cells with a mesh size of 3.75" X 2.5'(~5X5 km?) for gravity inversion. Heavy
colored lines demonstrate known active faults by Nakata and Imaizumi (2002).
Red: certainly exist and location is accurately determined, Magenta: certainly
exist and location is not accurate, Green: possibly exist (invisible), Blue:
estimated fault lying at depths. Location of the study region is also shown in
the upper left corner on a map of Hokkaido. Large closed squares, followed
by three letters, show geographical locations of major named cities(or towns).
ATM: Atsuma, BBI: Bibai, CTS: Chitose, EBT: Ebetsu, ENW: Eniwa, HKT:
Hayakita, IKR: Ishikari, IWZ: Iwamizawa, KHM: Kitahiroshima, KMB:
Kimobetsu, KSG: Kamisunagawa, KSW: Kurisawa, KYM: Kurivama, MKS:
Mikasa, NIE: Naie, NNM: Naganuma, NPR: Nanporo, OTK: Otaki, OTR:
Otaru, OWK: Oiwake, SGW: Sunagawa, SPR: Sapporo, TBT: Tobetsu, TGT:
Tsukigata, TKM: Tomakomai, URS: Urausu, YBR: Yubari, YNI: Yuni.
Geographical locations of these cities (or towns) and active faults are com-
monly shown in all figures.
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i3, EEBEERH LI Ay A LENL BB L TEO 77— B E s FEAEN T2 2T
W E 77— RBREOMOMBEEHERL L ) T 5Dk, ABIC T3, BEO7— 7 REHE# 8
HED, LEFHESI NG 77 REMICH TID WS LI Rl T b, ZOEFREN:
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AT 74 EUENE 7T — T RBESHESHFICHL THRLPTHEI LNDATH S, DR
SENX, EMECHERENRBEICL 53 »— 7 HBEEECHFET 2BAITIIEOLL T W&
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12 PER HAS B € Nawa ef al. (1997) 7% - 72518 %2 LT, Hisfk® 80, 96 X HREL 72,
F/z, SBIDA =D arTid, BE BEFEICENEN, 3.759X2.5(BLZ5 X5 km?)
EVg 2ty oA X BT L § 2 ERHEE THEZIT LW, 51T, 28X20D Ay 2T >
N—P a3 VERPELNI A =D a VEREDE, FHBICBWT, 0 EDDA Y a2
FETHT— I 60 5 Th D, EBDFETIE, b Ts L0z, BERLY, T—F0F
LT Ry 2 3 BOFMBEOBM CRrE» 53 T3 & ) i Lk, ARG TikdtimEnlri
B2 T EEBTHEEENT—SICEHALC, EROENA Vo=V s v EREAL TRERE
DHEE 2 AT - 72,
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EHFHEEINIVEHE, ATV —2a VORETIT L ) MIEEI LR L), f—Tgrh
TEZWZ kizkd, —F, Fig. 1izirL 72k Hic, HET—F ORERVLEEIC RIHED,
TEHEMOIRE S L, FABN LI RE 2 2 L0 2720, FHEEROBRICIZA ST —
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Fig. 2. Surficial density distributions (a) and estimation error (b) inferred from gravity inversion in
the narrow study area of the Ishikari Region. We divided the survey area into a set of blocks
(regular grid cells) with a mesh size of 3.75' X 2.5’ (5 X5km?), to the centers of which we assign a
representative surficial density calculated from gravity inversion. These results should be
compared with those (Fig. 3) in the wide study area to investigate if they are in general
agreement with each other. See the caption of Fig. 1 for the abbreviations and colored faults.
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Fig. 3. Same as Fig. 2, but gravity data are inverted in the wide study area of the Ishikari Region.
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Fig. 4. (a) Digital topography of the Ishikari Region in which 50 m mesh DEM (Digital Elevation
Model) data by Geographical Survey Institute (2001) are used. (b) Simplified geology of the
Ishikari Region. Geology information is based on the digital version of 1:1,000,000 scale geologi-
cal map of Japan (3rd edition) by Geological Survey of Japan (1995). See the caption of Fig. 1
for the abbreviations and colored faults.
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#0.2g8/cm® UTDHBOAZBRT L) k) B2 & 0E 2 LN b0, GBI 2N
L DODRLYE, FHEE SUBIEREE CL OREDHEMIRLN LY, v ) HicELE
BT, HRZTEREOREVWLD, b WiE, TEBLEEHREME T ->720 Db FEBCRR
THZEET D,

T, AWML T L) BENA v 3=V 3 YORBERROEBREDF = v 7072HIC i,

@ Y3iab—varTF—32HTIL0LOBOLYILT A r—2EERL, 4 23—

VariEREET S,

B HEFEESEZLLTLT, HbHWE, FHEEBOKREZEZEZ T v "—Ya ¥ ®#1i1% ),

© FUFHEBEBTA v 2DREEEREZTA "~V a3y #4749,

TEHEZ LML, TR, G L > CEBEDF = v 7 %47% - TAz, Fig LICRLZA
PRSI LT, 4 v =2 a3 v DR EEBE, JK EBHBAW v —2), B EBHBEN 7—
A) b}, ENFTNOFERRELET 5, SHDA =2 a > TlE, Ay 2Dt A X3,
B, BENEICEFNEN, 3.75X2.5(5 X5 km?) ThH B (Fig. 1 BH). $72 N 77— 2T,
W & — 2 i+ E#H GERERE) o = v DI EBIR) 6, 2 v 22 Kl DfidF /S L 5725
WCHET oo, BRLD L, ZOBHDA o= a VEROHFRME L L TE, MFOR—
Ay Y a BT, BRA—OMERE S HEREIMELNLZEIEHDE, ZNEHICLT, N
=2, WH—ZATFh>2E N4 »3—2 3 > O E#ER % Fig. 2, Fig. 3127/ 7. Fig. 2a,
2bid, N r—228F 25BRBETH YN, FNFN, £ 23= 3 > LRD I HETESA,
ZLTC, BESHERY, BOINL Ay 2 2 2 FOMBHBEAIERICA -2 3 VHERT
Lo RMEETH B, 72, FBEIC, Fig.3a, 3bid, Wor— 20840k RTH 5. Fig 2, Fig. 3
T, [ UAEEA KT 2 b, BEHBEESHEREZCETOME»G RS LoD, WETH,
BhE BRI BLN TR e bbb,

Lo L%, Fig. 2 T2y v 2L R EHE GHEER) o BT 35 &, 20
AT, BRI, B EHCREIRE L, HEMD 2.6 g/om*U L, B, 1.4g/cmPLlF
EH o TWB I Dby b, TOMEBE Fig. 3 L IbNTA5 &, Fig. 3 T3, #HEBE LHEER
} Fig. 2 oERIZEIEAHBLEICIE ko T WZ bbb, 2% ), FHEEROHIED
Iy VHEETE, —RICHTBIESTLEIC KD, 7o, ZHED L > TEEDKRE L AW
HHH B Dbl THIIHLT, Ny—2, WH—ATHER2ITL - 28548, v VL
HOBERTIHZZRABEN A > =Y a VHERDVBLNLZ Ebbh o2, 2Ly Ui
TOWEFERHCBEIANLEBII L IBRR LI TRy PR PRI EICT S, =y U8
ST, NEWIC, ZNLOMUIDHIEOZE LT XTy AHEDT— S I LD TR
WS 27200, ZOL)LBEESFETILNEELNE, 0k, EBREBRIT LB, =
DEI Ty PIREBPRT B8, o OB TRLNIA =Y 3 VERIEBRATRET
3w b s,
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2. REBBESHOEHH
PUF, KX TlE, WH—A AT > 2BIA 3= 3 v M EER0AICERL, BT
WAz oy PERIROBRIIIT e bW b & T 5, OB ZREEEE,LRBL L, K&,
ERI B & KPR AT BRI (2.0 g/ om®BiTt%), Z LIS (BHC B =R 1M
B7e &) DEBEHIE (2.5 g/cmPHiE), DR ODERICHIT A ENTEL, ZD LS LTy
HYEEE % L DHVEERDS, BIIA > =2 a > TED L D T HEFE 2R T 003 REREKGE N
FETH5H. Fig da, 4biciz, ZNFRAEIFHBOWTE 540, WHSH % R~T. BELMESHD
VeI (2 E L EBE (2001) D 50m £ v 2 BEm T2 2 EHAL 2. BEMRICEL T, BE
(199912 & 5 250 m # v > 2 KBETF— 7 24 L 7. Fig. 4b TR L 72 WEFHHIZ 100 G50 1D
WHET—2 (WEFAER, 1995) #TicL Twa ke, SHE 7T v 7 05HR % OBERAMER
DWTCIEHIBRENEELZSTIICEEE NIV, 8T, Fig. 3a, 3b(#HE, #%), LU, Fig
4a, 4b (¥, HWH)ICHNZ, & 512, Fig.5 & LT, BEMEMEI —1.0~3.08/cm® ik »72 X >
P a2DAERRL T, BEMEBOSERER LT L 723 DERT. A¥HERET & 2 o Fi
BilcBWT, ZNHEDRD 5 R2 T AHMBEBBEES MO LRI TO®RY) TH 5.,

1) FHBOLL TR, 1.7~2.2g/cm*e I EERT. —F, FEZRKIUERE SR
KFHERE D3 A5 5 B RIS OIS Claik12.2~2.5g/cm® & v ) HEEH &
Gl MBEOHWEOBRESHINTZNT THBREBHEEOBR AT LI IICRAZD
(Fig. 4a, 4b BHH).

2) BIFH Tl B EREEELTR 5 1205, 2 ORI SHEAETRIC L 5T,
k DHBETH 5 (Fig. 5 BH).

(3) EIFEEHDALLE TIRHEERES 0.58/cm® 2B LFEHMFR LN B4 Y, RRBWEIKE
W, HEEEEIR 1.7~2.0 g/cm® X W ERRT, Wic, GAFEROER T, Hess
HNEL(0.1~0.3g/cm®), HEFED 1.6g/com* LITE VIR WEE - 72,

@) FE=R HEZRLOAT SAFFHIEEO MM TIdh 1.8~2.2g/cm?, %72, F
FOIIBICALE T 2RI TLHBEERNEH72.0~2.28/cm® £ v ) EERT.

(6) BEZRIDHT 5 AFFFEHERO LMD £  ORBTIE, BELESAESZIUTIEE L
BV T WHIR COHEEERAEI 0.1 g/om® YT TH ), BEHEME L HES A & A%
BRERIBLNL.

(6) EIHMEHHBMIER (72 & 21E, WA, 2003) 55073 23R TIE, 1.8~2.1g/cm3DHEE
FEEZRT BRI L T, NS SIS REM(2.2~2.58/cm®) R T L) IKRZ
5. Z i, 104(2003), Yamamoto (2003, 2004) TREN: & iz, ARG
ROTGEETo— A NG EENRESBRENS Z L EFENNTH 5.
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Fig. 5. Surficial density distributions at a contour interval of 0.1 g/cm?® inferred
from gravity inversion. Grid nodes with a density value ranging from —1.0
to 3.0 g/cm?® are used in machine contouring. Note that low surficial den-
sities are dominant in the Ishikari Lowland (see also digital topography in Fig.
4a). See the caption of Fig. 1 for the abbreviations and colored faults.
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Fig. 6. Surficial density distributions of the Ishikari Region plotted with the scale ranging (a) 1.0~2.0
g/cm?® and (b) 2.0~3.0 g/cm?, respectively. Note that these figures are essentially same as Fig.
3a, but plotting scale is changed to emphasize detailed density distributions in the Ishikari
Lowland with (a), and in other mountainous areas with (b), respectively. See the caption of Fig.

1 for the abbreviations and colored faults.
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