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Abstract: To reveal the Bouguer gravity anomaly which reflects underground geological structures, we
conducted absolute and relative gravity measurements in the Nagura River Basin, western Ishigakijima
Island, Japan. The gravity acceleration at the gravimeter pier of the VERA-Ishigaki station measured
with an absolute gravimeter was 979002.518 mGal. We further obtained gravity values using a relative
gravimeter at 62 stations on Ishigakijima Island. Subsequently, we constructed gravity anomaly maps of
the Nagura River Basin by compiling gravity data obtained in this study and an existing database. The
Bouguer gravity anomaly decreased from Nagura Bay to the foot of Mt. Omoto. The decrease of the
Bouguer gravity anomaly is considered to be due to the lower density of the Oligocene felsic plutonic
rocks, which constitute Mt. Omoto, than the surrounding Jurassic accretionary complex. Furthermore, a
negative gravity anomaly zone was observed from the foot of Mt. Omoto. This reflects the local basement
shape from Nagura Bay to Mt. Omoto.

Keywords: gravity map, Ishigakijima island, absolute gravity measurements, relative gravity measurements
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Fig. 1 Observation points in Ishigakijima Island (a) and close view of Nagura River basin (b). Red dots indicate locations of relative gravity
observations; blue star indicates absolute gravity observation; gray triangles and black diamonds represent existing observation
points of Honda et al. (2012) and Komazawa et al. (2013), respectively. Background topography are drawn by using the 5 m DEM
and the digital river data provided by GSI.
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Table 1 ~Measurement equipments

) ) Measurement equipment
Gravity observation

Gravity GNSS
2013-03-12-2013-03-15  Relative gravity Scintrex CG-5 (#890) Leica GS-15
2013-08-09-2013-08-11  Relative gravity LaCoste G (#304) Topcon GRS-1
2014-03-14-2014-03-16  Relative gravity Scintrex CG-5 (GSI) Magellan Promark 3

2015-01-17-2015-01-19

Absolute gravity Microg-LaCoste FG5 (#217) ---

(b)

20X W WA oo Wl E . 2013/3/12 ~ 2013/3/15 D HARIZ i U 72861 % (a),
2013/8/9 ~ 2013/8/11 DM L 72844 % (b), 2014/3/14 ~ 2014/3/16 D
I U 72486 % (c), 2015/1/17 ~ 2015/1/19 DRI U 724844 % (d) 12m

Fig.2 Measurement equipment for each period: (a) 2013-3-12-2013-3-15, (b) 2013-08-09—
2013-08-011, (c) 2014-03-14-2014-03-16, and (d) 2015-01-17-2015-01-19.
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Fig.3 Time series of absolute gravity measurements (drop values). Black symbols indicate outliers, which were removed upon estimating
final values.
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Fig. 4 Histogram of drop values for final estimation.
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Table 2 Absolute gravity measurements with FG5#217

Observation period

Number of drops

2015-01-17-2015-01-19

AENEHRE 20204 BILE H25

Gravity value at 1.3 m height

S.D. of a single drop

Vertical gradient of gravity

Gravity value at the floor on the mark

B3k
Table 3

Observation period

14231
979002.1284
0.01221

-0.3
979002.5184

mGal
mGal
mGal/m

mGal

IR D BERARAT 12 P 7288 - BEHE RS

GPS-based Control Station used for baseline analysis in each period

GPS-based Control Station

2013-03-12-2013-03-15
2013-08-09-2013-08-11
2014-03-14-2014-03-16

G0500, GO748, GO749, GO750, GO751
G0500, GO748, GO750, GO751

G0500, G0749, GO750

G0500 (Iriomote), GO748 (Trama), GO749 (Ishigaki 1), GO750 (Ishigaki 2), GO751 (Hateruma-jima)

Bak  HIEREOFNIS U 2 H )

Table 4  Reference for absolute gravity values

Latitude (N)

) Altitude Gravity value
Longitude (E)

(m) (mGal)
Absolute gravity measurement
24° 247 45”7 0589 124° 10" 15”7 .7586 25.8  979002.518
in VERA station (NAOJ)*
Gravity standard point** 24° 20" 117 .90 124° 09" 52”7 .76 6.68 979006.04
First order gravity point** 24° 207 117 .90 124° 09" 52”7 .76 6.67 979006.02

* Absolute gravity at the VERA station (NAOJ) measured in this study

(Table 3)

** Absolute gravity from referring Japan Gravity Standardization Net 2016 (JGSN2016) (GSI)

WITE % F2hE L 7z AT A2 28 LIS, WET — 4 —%%
RN Y. FRI1OHN, LEHFOIHNE, [FiAtE
DOERBITN Lz, WERD S B, FRHZEN K CAVERA
A EERE R I3 E N REREOF 2 S8 5 /-
W, LM T R S HEEIZ W THlE &
1T 72M, +£0.1 mGalFLE THAM ZAER1ZHE S5 TH

5.

4. EARBOHH

S L 2 T A ST, LRI 5
FEHHEIZOWTCEERT 5.

SROUEIZLE > THELNEREMGEOEN I F— 2
(KZI1E», 2012) 2 b T, FAEHIBOESEEX
(7 — 5 — BT & L= (5 I) . %5, SO
FIRER L AR & 72 B 220, ST L RO IBHE
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Fig. 5

(a)  FBUE T — & O AR EPEFE 2.00 g/em’ TaHE L 72 H ) X

(b)  HHMET — 4 +REET — 4 (KZI1Eh, 2012) ZEHE 2.00 g/em® TR L 7281 T X
(¢)  FHUAIE T — &2 DA EREEE2.67 g/em’ TEIELL 2EH I HEX

(d)  BHHEET — 4 +REET — 4 (KZ1Eh, 2012) 2 ARGERE 2.67 g/lem® T L 72 H J) B X
AP K B HIEH A A I (56 1) B KO, EFEOENF — 2 X— Z (KL1FH, 2012) % =4 (25 15)
T/RY. ORI ORI 1E L PR A b X 1 3 Bl £ 7 L) 5mA » ¥ 2 (BEE) |
L 7.

Gravity anomaly maps with contour interval of xx mGal. (a) Gravity anomaly only using new measurement
data of this study with Bouguer density of 2.00 g/cm’. (b) Gravity anomaly using new measurement data
of this study and the existing data of Honda et al. (2012) with Bouguer density of 2.00 g/cm’. (¢) Gravity
anomaly only using new measurement data of this study with Bouguer density of 2.67 g/em’ . (d) Gravity
anomaly only using new measurement data of this study and the existing data of Honda ef al. (2012) with
Bouguer density of 2.67 g/cm’ . Gravity observation points measured in this study (circles) and those of
Honda et al. (2012) (triangles) are colored according to Bouguer anomaly values. Observation points of this
study are displayed by circles (56 points) and existing data of Honda et al. (2012) are displayed by triangles (25
points). Background topography are drawn by using the 5 m DEM provided by GSI.



WEFHANIZEHE 2020 F BT71& H2E

W ERAFOEN T — 21 LT EE L. 7= —
OB OBE, ERBOE WG L 72 8B % 08 %
JEE LCEREL, MIEA1TS 2 & THIIEOM BN R E &
NE-EDEEX S5 20 TE 5. SHOFHHIE T
13, BB ERN Y FEE VS LR i (G 1K)
T Y 2 TROAHIMAREHE =L KRE 0 BT 5 —
T3, AoE) G OE i T I35 DUAC o HE R A3 341§ %
(hiTiE A, 2009 ; B HAERE Y % —, 2015). ZOD
728, BEWEOREHEEZE LT, HEME EDIKEE
HRGE L 722.00 glem® (X 10° kg/m’) &, FEARAHHD %
J§ #AE L 722,67 glem’ TENZ T — 7 — Bl & Gt
BHLTWa, LaL, KIS CIdlieBE+2£ 2T
E, KFWaEREREONE - IFREL LB L Eh >
7o, MK A ENREEZWRFAT L7290, IREEE2.67 ¢/
em® O F I RN U C kA (G 6 [Xla) B2 L
7ok ZEE X (58 6 [XIb) #ER L 72,

Z OO EE S ERE I EE & K< BT 5. M
BIChiE T 203y FiEIRRE, AIRERTF v — M4 E
DRI Y 2 7 /DO FHIA THER & L (FLIE 2, 2009),
BENREE L RS> TWS, 72, HILIES (2009) TidH
Al GESIX, F6X) &0 IAika IR & HE OB R
25, JIPEE D & INSEEIZE B RWERIE, 205
AN RIS 3 % W7 T o> e R BRI 23 A B O A A 12
WRTEEMENZ ickb & LT05, A
RIS DU AC O HERE NI B & T B 43 (FRVLIE»
2009), ZDTICIFEINSEEDE WY 2 7LDk
SPHRBEEBR SRS S L THEET 8D EEL BN
3.

o ek O b 1 R R e TG ER ) 3R TR
FiFehs (FHeXb). DTy RIRVENRED
BEBIE D 63 Y FEHEOFITR - CTAERISER L, 7
B b PR T4 2 MIRic v TR g BT
KL 5. OB B PFEEI O 5 S8 5 12
70 > CTEIEFEES X 51K P LT

5. i - KER

KRN K D135 N7z 5 2 2 RIS O 5 ) B D
5%, FAEHIZEA 5 KR aE RO T (58 6[Xa)
i, HTLIE A (2009) T 3 HE & M T B IR RB T A K
5 HRE RS A R ORI IR THEE MK Z
CISERT A DEELZLNS. T, BICENELE
TREE L TALGNS, RKEE» O ZBIBIZE 5 {KH
TR oM (B elXb) 12, 7 o & i 1 R Bk
BIRE, Zh a5 I NS O/ X WHER O
FHECERT2E0EEZ 605, KEHEEOKRKE
LTEZ 6N AHRMOFEL, fhoBllizks T g
FEh s, KEHREIEE SN 48R EE
O B kI, 1B K SCE VERALHE S B
[ TOR =) v IR, S, S L L TOER

BT 20 mPABRICTFAET 5 2 L MR S T 5 ([
SLRICE - HARTE (BR), 20005 2001). S5
i (FEIE 2, 2015) 20 5, [EL KB VERALE S B
JRJEAE 100 mO P T, K=V ¥y TR hzEb
fERE D FIIcAHY 3 2 S IR A ST 5.
ZDZEn6, EHNRKLAVERAGEEBUME T
DR=V V7ML NI - RO W LR &
DT EL, ZEID G EH S Fil 3 2 iz b
BFEEDIAN D &Fio> TIAET 2 2 E MR SN T 5.
F 72, VLE-MTEIZ & 2 IWRPEEEIC W T, AR
D B RHIT 2 M IS 50T, R0 HE P Bl
Sh, B JHEREY T R ANE < fR7eh T
WBHZENREENSE., Zh6DZ s, ZEIAR
P B IR N9 5 Mk, SR e THERE R A
RCHER S M B IEE NS 2D, ORI 754 L
TWAZETERENEENMELCTWEEELIONS.
Ploksic, EHRE»S, IO %
M 5 UL OHERII O T2, BAED L Filkk & B
ISR AP HAEA & U CHIET 5 WHEEAVRIE S h
5. 2O KD 5T OEREGE R O E T 2 HE R O E
XL, ZE)IRBOM FAREICEES 0L
Hioh, SHOEGEDBENC B 3 EKOHIEAD
EOREHETLIONE GO THRAPDLETH S.

BEE AMEEFEET 512H720, ENKIH VERARH

HEBWE, [RETFAET RGN OF % 13

W, ZRETHNELD £ L. E PG S

H JJitScintrex CG-5 ¥ CHE L2 72, W

SUREE MR RS O 45 Path— e S, b EE s B0

MEOFICZIHMNTEZ £ L2, WERERE LY 4 —0

AT 23 EAR A28 B IR BRI & iR 72 72

&, P BEEMRBICEHMTIEH L THE L

7z, 7z, EREFEILIUIIGNSSOMNTIZ ZH JTHZE L

7z B LK B OVER 5 XN U] - th B e A b I 1 i (%

EZETIV) S mA v ¥ 2 (BEE) ] e, [ b Bl s

w7 — 2 J&2fA L, XOMERIZIZGMT (Wessel et

al, 2013) AL £ L7
X #

B FAAT T B 2 v — 77 (1989) MR R £ T S )l
IEFNESPECG1988, HhEH H #t, 40, 601-611.

Heki, K. and Kataoka, T. (2008) On the biannually repeating
slow-slip events at the Ryukyu Trench, southwestern
Japan. Journal of Geophysical Research: Solid Earth,
113 (B11).

A% oG- PR - G - TR - e RAT
PARRE (2012) FIRARFEHNT — 2 X—- 2D KK,
Wi~ 225E, 58, 153-160.

Imanishi, Y., Nawa, K., Tamura, Y. and lkeda, H. (2018)



ASE R E) RO FEITHE - (EI1ED)

() (b)
24°25"12" 24°25'12"
— —
= =
= =
[} [}
Ee] ke
S5 S
4+ 24°24'00' 4= 24°24'00
= =
© ©
— —
24°22'48" 24°22'48" §
124"(;8‘24" 124°09'36" 124‘1‘0‘48" 124”(;8'24“ 124"0’9'36" 124"1’0'48"
Longitude (E) Longitude (E)
] mgal — ] mgal
(C) I 1 I 1 I 1 1 moe I I 1 1 1 1 1 mee
94 96 98 100 102 104 106 =3 =2 =1 [ 1 2 3
24°25"12"
.
[}
©
>
=
=}
©
—
24°22'48"
124°08'24" 124°09'36" 124°10'48"
Longitude (E)
Formation Age Group Lithology
Water area
. . valley floor, intermountain basin, river & coastal plain
Cenozoic Quaternary Holocene Sedimentary rocks i
deposits
Cenozoic Quaternary Holocene Sedimentary rocks coastal or dune deposits
Cenozoic Quaternary Holocene Sedimentary rocks marsh deposits
Cenozoic Quaternary Late Pleistocene Sedimentary rocks marine limestone
Cenozoic Quaternary Late Pleistocene Sedimentary rocks non-marine sediments

Cenozoic Paleogene Oligocene Chattian
- Neogene Miocene Aquitanian
Mesozoic Jurassic Early - Middle Accretionary
Bajocian complexes
Mesozoic Jurassic Early - Middle Accretionary marine alternation of sandstone & mudstone Early
Bajocian complexes Jurassic accretionary complex

Igneous rocks massive granodiolite & tonalite island arc & continental

mixed rock Early Jurassic accretionary complex

Paleozoic Carboniferous Pennsylvanian |Accretionary
Serpukhovian - Mesozoic Jurassic Early |complexes
Paleozoic Carboniferous Pennsylvanian |Accretionary
Serpukhovian - Permian Cisuralian complexes

chert Early Jurassic accretionary complex

basalt oceanic Early Jurassic accretionary complex

FolXl HIEE (35X (d) o kA (a), 2 O kA & BRE U 2B RGEX (b) R OMWEIX (o) (PERNPE AR S
vy 2 —fi (2019) ZAH)) . AFEIC L D WEM ) SBEFOHEN 7 — 2 X =2 (KZiE», 2012) (=) 2MA, E
WL L T2.67g/em’ EREL, 05mGalf Y & —/NLDIA Y X —%&RL T3,

Fig. 6 Quadratic trend surface map (a), residual Bouguer anomaly map without the quadratic trend surface (b), both with 0.5 mGal interval,
and geological map (c) (modified after Geological Survey of Japan, 2019). Original gravity anomaly map (Fig.5 (d)) was derived
from observations of this study (circles) and existing data of Honda et al. (2012) (triangles) with Bouguer density of 2.67 g/cm’.
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