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Abstract

Vertical movement at a GPS site located in the Motoyama district of Iwo-jima volcano changed from continuous
subsidence since 2003 to uplift in mid-August of 2006. Increased seismicity was also observed. Observations by
PALSAR (synthetic aperture radar sensor) aboard the ALOS satellite were conducted to investigate the volcanic activity.
In this study, we are attempting to detect crustal deformation associated with the increase in volcanic activity by SAR
interferometry using PALSAR data. We report the preliminary results in this paper.

Just before the increase of volcanic activity, a slant-range change representing a subsidence of several centimeters was
detected throughout the Motoyama district, but it seemed to differ from the contraction pattern that had been dominant
in the area. The contraction in Motoyama may have slowed down just before the increase in volcanic activity. Three
months after the increase in volcanic activity, a slant-range change suggesting that the whole island had uplifted was
detected. It suggests that crustal deformation induced by a relatively deep source was prominent in this period. When the
volcanic activity was highest, the uplift accelerated and seismicity increased further. PALSAR observations were
conducted from ascending and descending orbits in this period, and a two-dimensional displacement field could be
obtained from these data.

The obtained result is characterized by an uplift pattern suggesting inclination of the whole island with uplifts in the
south end of the island of 8 cm and uplifts in the north end of 40 cm. In the north-south fault zone in the west coast area,
crustal deformation with an expansion and an east-up pattern was detected. Concentrated deformation was detected
along the Asodai Fault located in the east end of the fault zone. Additionally, a steep gradient of vertical movement
detected along the fault zone located in the south end of Motoyama district extended to the east and west. This crustal
deformation pattern suggests a blockwise uplift of Motoyama district. In the interior of Motoyama district, a contraction
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pattern in the center area and an uplift pattern in the north and the southwest area were superposed. Uplift patterns in the

north area was accompanied by eastward motion and uplift in the southeast area was accompanied by westward motion.

Since the wavelengths of these deformation patterns were relatively short, crustal deformation induced by a relatively

shallow source must have dominated in this period.

The detailed crustal deformation detected in this analysis is expected to be important information for revealing

mechanisms of the Iwo-jima volcano.
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Fig. 1 (a) Bathymetric map around Iwo-jima described from ETOPO2. Contours indicate depth at 1,000 m intervals.

(b) Map of Iwo-jima. Blue circles show GPS sites. Red curve shows the Asodai Fault.
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Fig. 2

(a) Time series depicting vertical movement of IWJ1 relative to Haha-jima. (b) Time series after 2006. Arrows show periods for

interferometric pairs analyzed in this study. Numbers on the arrows corresponds to the numbers of the interferometric pair

presented in Table 1.
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Table 1  Interferometric pairs used in JERS-1 SAR analysis.

Pair No. Master Slave Recurrence time [day] Brpere [m]
Al 2006/6/16 2006/8/1 46 -1463
A2 2006/6/16 2006/11/1 138 -1554
A3 2006/11/1 2007/2/1 92 -608
D1 2006/11/11 2006/12/27 46 2167
D2 2006/12/27 2007/2/11 46 -720
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Fig. 3 Crustal deformation between data acquisitions of each interferometric pair observed from GPS measurements.

Numbers at the upper right of the figure correspond to the numbers of the interferometric pair shown in Table 1.
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Table 2 Comparison between InSAR and GPS results. The NS column indicates the north-south component; the EW column, the east-west

component; and the UD column, the up-down component of GPS displacements. The Apgps column lists the slant-range change

" calculated from GPS displacement. The Apsari column represent the slant-range change with respect to GPS site “IWJ1”, and the

difference between that and the GPS result is shown in the column Diff;. The Apsarz column indicates the slant-range change

corrected for the long-wavelength error component, and the difference between that and GPS result is listed in column Diff,, (Fixed

point is Haha-jima) . Unit is millimeters.

Al
Site NS EW UD Apers Apsari Diff,, Apsaro Diff.,
UT -1 -4 -35 21 6 -8 16 5
M 2 5 -20 17 0 1 16 |
S -5 3 22 -17 24 12 -18 .|
IWJ1 5 | 57 19 — — 19 =
IWJ2 -4 2 13 -11 -30 7 -16 -5
A2
Site NS EW UD Apress Apsug Diff,, AP sugs Diff,,
UT 5 -9 39 32 26 10 =31 1
M 3 5 45 -35 35 21 -35 0
s -34 3 26 20 48 20 -18 3
IWJ1 14 -13 60 -48 — — -48 -
W2 | -31 7 4 B 61 15 -3 5]
A3
Site NS EW UD Ap Ges Apsart Diff,, Apsar Diff.,,
UT -10 -12 352 248 12 -15 -250 L)
M 13 -6 319 222 24 -6 222 0
1S -83 3 79 -66 208 22 -68 2
IWJ1 6 23 349 252 = = 252 —
W12 | -88 9 41 -45 231 25 -46 -1
DI
Site NS EW | UD Apress Apsari Diff,, Apsar Diff,,
T 4 3 196 -132 5 £ -139 7
M 5 -10 192 -125 24 10 -124 1
1S -50 1 44 -38 90 %) =51 =13
TWJ1 6 -9 212 -139 — — -139 —
W2 | -52 3 21 -19 126 6 -14 5
D2
Site NS EW UD AP s Apsari Diff,, Apsars Diff,,
UT -18 -10 157 -103 25 1 99 4
M 21 3 130 -95 =17 2] 94 1
s -38 -5 36 26 52 4 27 -1
WJ1 3 -15 128 -78 — — -78 —
wi2 | -39 -9 22 -13 64 10 8 5
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Fig. 4 Interferogram generated from PALSAR data. Contour lines represent slant-range change at 2cm intervals. Blue circles
indicate GPS sites. Numbers at the upper right of the figure corresponds to numbers of the interferometric pair shown in

Table 1. Inset depicts the line-of-sight direction of radar.
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Fig. 6 Enlarged interferogram around the west coast area. Superposed fault map is from Oyagi and Inokuchi (1985) .

(a) Enlarged interferogram for A3. (b) Enlarged interferogram for D1. (c) Enlarged interferogram for D2.
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Fig. 7 Two-dimensional displacement calculated from interferograms of A3, D1, and D2. (a) Quasi-vertical component depictd with
a fault map (Oyagi and Inokuchi, 1985). (b) Quasi-east-west component depicted with a fault map (Oyagi and Inokuchi, 1985).
(c) Profiles of quasi-vertical (red line) and quasi-east-west (blue line) components along A-A’ shown in Figs. 7(a) and (b).

(d) Profiles of quasi-vertical (red line) and quasi-east-west (blue line) components along B-B” shown in Figs. 7(a) and (b).

This document is provided by JAXA.



B K B IRTRIT FE TR FE e

AIADEEN S 10 EEW-E &0, EHAERS &
#ETRAEHETHZENUETHS. BT1@BLU
)i, BFEAES HES 1 BT 5 GPS #HElRE
EEEBLUTCETRES RS ICHTHEMICHIEL &,
# TRy EERERS B RT

B ORBRAEICBW TN 8 om DREENE 57208,
JLICEM DI ONTREBIZERERNHEML, Boduimft
WTIEH 40em OBFENRHBINE. 0L D REEHD
BN =M, ZOHEOHBRE B A5 TH 5.
FNENOTWRTIIBNT, BEENEAST LY
BN PR N -AEBEMNEOEBwICER TS
&, WiBw e LTk, HEEDERE TS LS i
BMEBMNY —2NELNE. BIZ, BBHORRICMHE
THRBEEHBICRWTIE, BEARS, HEL RS
WCATy TROBMINY — VR H, TOREIEIH
KD TS5~10cm, LIS T10ecm Z2HATND
(B 7(0)). MEREBEIL, HRLEELOMEEZE
LTHD, 20064 12 A 12 HOHMFAEICBWTIE, R

HEWEEZ MY 2 BERICABHNERE SN TNL 2 END

AR SRR EVWES, £, MESHED
A 500 mIZM BT DWEICBWTIIEE D D L FEM
NF— MR, BiBHZ2METHIRICED T F—
NOROEBERT D EEZ LGNS, /L, FEIRIC
MNETZHBICB T IERIILEEONTHD, LT
ZED S5cm LR TH D, ZOIKREICDODNTIEHAD
HEZRDE, EFRE2ALITTIERIGEL TS,
—F, EANDIEEZRS E, T ETE - HOBERM
WCEAEAENCERNERL, EEkLoIUE THERIC
BELTWS, ZONY— 3B (K 7@ BLT (b))
FHEMLTHRY, BoMBEENFNFNOMED
FEIEELTWLIOND LNRY., 5612, & T
ErRoOBERMEICMNEBET 2HEABICHIIEBEEICS
WTH, TIHINRET S 5MOREBERNAEN
(7)), BEESEEHOBBHICHENZTILNT
OwZ7WICBELTWEEDIZEAS. JTILAEIZB W,
T, RIS BT S INHEER /NS — i, R
FIRICBIIBRENEEL TWD, Ko, dtmEicsn
T, FEEHICBWTIEEEZMES> TWSE I &R
BHTH 5.

6. &

ARFFELIZ BN T, 2006 F 8 HEX U KILTERNSIETE
LU ENERBHESOMBRERZWET S &AM L
LT, ALOS 2 ® PALSAR 57— 2 U 7= T M
2o, KILEIHERLEENICBN T, Tlalsn
T B LD MR EE NS — N RE S, ERp
5 REBEIICHEIT U TR AN Y — i3k L Tn
ZEDWCRZD, TUNBEIREL THrs LIds <13,
Wk EFBONEERNNY — BRI, Ho&bE
BERERTH FIEHIzBW TR, EFFEnhkaE<<i
D, 2O, #MELEEIKRZS. =KL, ot
LEOEE LD, ENTLEOELTHZuREESBEX

EILE 20074E7H

5N5DT, ZHIIDWTIE, ZDEEEVRENIE
Th5H Fi=, BEIZECTMS 11 HETOHMIZB N
T, BERBBRET LI RMBREGNECTHET
LETRBTHEENELNZ. JOZEMS, 1AET
DOREFET, HEMFEWERICH 2 HRDOERIZL 2B D
EHHEND. FhND 2006 ERIZMATT, LB
DEROMED, HEEHOERLERENBHIENT
B0, ZOHBICBWTIE, BENTEHERERNNY — >
PR SN KD SH S N ERER R A TN
KOEBOTH .

LRI DI DN TREICHEEEN IS 2 EEH
IR R AT

- PR OREILICHUT DB E 2T, IRBIUTEHE
B O REMZ D HRES)

- FEREEIE &2 D500m FEICET HWBIcH TN
FBIZBIT 27 5 — X RO

- FEEHEBICBT A ATy TIROEE

- T OB WATE ORI B B ic B 2ol
RIDHERT 5 XD BRABBER
o T oy I BakER

s TR REIC BT D NHEE RIS — >

- SCIL OB R R BT B KRB L O

- T IEEANE I BT SRR B L O

NS OMRET/NY — BT DMk R R E
WZEhs, MBEMREICNET 2 HREICERT 250
EHEHENS.

LLED & 512, PALSAR O TUMEH 2 /N B B
WHT D Z Eick D, 2006 F D KITEENEFRILERTN S
B9 2 X TOMBRESORLZFMICIEA . Fri,
KIIEEN S - EBIFERTH o ZHBICEL T, 2 A
FNSOBHAE - T, 2 RuTOMBEBHINRD D Z &M
T&ER INSIA/NEFRMRESOIREA T X L EHE
T5LETHERERERD ZENHFEINS. 51T,
HOBERT—F B L RENRBIRICED, NEFE
REEDOKUTEFH AN X LADREHEERADTETDHB.

HEE

AHIFETH W/ ALOS/PALSAR 5 —% O—#fiL, kil
WK AE RN o THED TV BB KA HET
ERICEDONTHE - #EINEZBOTHY, FHF7—
5 DAL, BFEEE METD B X UFHZ=E0 5%
FEHME (JAXA) FLTWw5, &=, —#id PIXEL
(PALSAR Interferometry Consortium to Study our Evolving
Land surface) ICBWTHEFL TWHTF—F & i,
JERS-1®D SAR 7 —¥ BT 5 AT — & OFiA N,
METIBETIAXANET . RHKTIE, HAZEGPS
BHME GEONET Tl ENi=F—%, BLUF2 EHHE
R LU AEICTCRUZBI, Generic Mapping Tools
(Wessel and Smith, 1998) Z W TIERL U 72, KX DK
TICBVTH, HFHAKKEEZEMEEN»S D TERD

This document is provided by JAXA.



AL NINERTHo 7.

PALSAR/InSAR IZ & 0 5 5N/ /NS FIREE S D 2006 F K UNSEEF(LICLE D MBS GEH) — /NEBiEh

IO ELRT S,

B35 3R

D

2)

3)

4)

5)

6)

7)

8)

9)

Amelung, F., Jonsson, S., Zebker, H., and Segall, P.
(2000) : Widespread uplift and ‘trapdoor’ faulting on
Galapagos volcanoes observed with radar interferometry.
Nature, 407, 993-996.

B KRBT - BEJE B R 2E R 22 E(2002) 12001
F9 A 10HDNEFRMERDOEKIED), KILE X
THIHEE 2, 80, 65-68.

PERE - AR - & k5% - HJII5A.Z - Rosen, P. A.
(1999) : F¥ SAR IZ BT 2 MR A B A Em Lo
2 OEEHE T L & KRR — EE il . B,
454, 315-325.

Fujiwara, S., Nishimura, T., Murakami, M. , Nakagawa,
H., and Tobita, M. (2000) : 2.5-D surface deformation of
M6.1 earthquake near Mt Iwate detected by SAR
interferometry. Geophys. Res. Lett., 27, 2049-2052.
BERFOE - e - REGEWE - EREA (1985 @ it
WS & IR O, WA, 94-6,22-34.
Kaizuka, S. (1992) : Coastal evolution at a rapidly
uplifting volcanic island: Iwo-jima, westerm pacific
ocean. Quaternary International, 15/16, 7-16.

e EE - S (1985) @ BB OMBESE) (D).
HisERERS, 94-6, 479-487.

Massonnet, D., Rossi, M., Carmona, C., Adragna, F,,
Peltzer, G, Feigl, K., and Rabaute, T. (1993) : The
displacement field of the Landers earthquake mapped by
radar interferometry. Nature, 364, 138-142.

Massonnet, D., Briole, P, and Amaud, A. (1995):
Deflation of Mount Etna monitored by spaceborne radar

10)

1)

12)

13)

14)

15)

16)

17

18)

interferometry. Nature, 375, 567-570.

Ohkura, H. (1998) : Applications of SAR data to
monitoring earth surface changes and displacements.
Advances Space Res., 21, 485-492.
KARRIK - H O (1985) : s S DY,
75, 94-6, 436-445,

INEEHR, AR (2007) 1 G RRBHH L — & TRk
K5 LD KILTEENT O D MR A B DO, BAK
BER MR E /M ®, No.71, 1-10.

Rosen, P. A, Hensley, S., Zebker, H. A., and Webb, F. H.
(1996) :
measurements of Kilauea Volcano, Hawaii, from SIR-C
Geophys. Res., 101,

=3

Surface  deformation and  coherence
radar  interferometry. .
23109-23125.

T., Miyazaki, S., and Tada, T. (2000):
Continuous GPS array and present-day crustal
deformation of Japan. PAGEOPH, 157, 2303-2322.
BHKE (1999): SAR FHLEIC BT 2 HlEEE &
RENAHEE DHEIET 5. B F=FE, 45-4, 327-346.
Ukawa, M., Fujita, E., Ueda, H., Kumagai, T., Nakajima,
H., and Morita, H. (2006):
measurements of large scale deformation at Iwo-jima

Sagiya,

Long-term geodetic

caldera, Japan. J. Volcanology Geothermal Res., 150,
98-118.
HBJITCRE - FREZEE] - L HEHE - BFER = - S
7] (2006) © Scintrex CG-3M BUH J1 5+ THIE & N7/
SRS OE N, HHrERFE, 52-1, 37-50.
Wessel, P. and Smith, W. H. F. (1998): New, improved
version of the Generic Mapping Tools released. EOS
Trans. AGU, 79, 579.

(FRaAZEE : 2007 4E 4 A 13 H)

This document is provided by JAXA.



5 SR 2R R F e - 25 71 5 2007 &£ 7 A

L=

2006 4 8 AEN S KUNEBOEFRNHBI SN/ EFERBEREEZHET 540, BEEIEHEE Fus) o
PALSAR 57— % % 7z SAR T¥EDBER 217572, JolUABIE 2T 2 ERICB W T, fEkn 5 #EEANTE
U TOWAEMEENY — i3t L TWia L SR A5, £/ BEICEUTMS 11 A TOHICcRWTI,
EEEPEREY 2 XD MMBREEAE L T I L2 RBT A ERMEO N 202 &, 11 AFToOHMICH
BRI AIE T 5 HEOBRICER T 2B EHNEH L Tz eELLNS. o b KUBBNERTH -
211 AUBICBWTE, F112F 1 2 FMMEET T 1 S TWENS O 2 S OREN DR, Inso
F— G IN G RBRABOUE TR SRRSO 2 fE KDz SO TTICB T 5REZII Scm BETH D
A, NI D<K IONTRHRERIIAE <KD, BOWRMIITIEN 40 on OBEN BB I Nz, FiERAMECS
T AHEALICHUREEHEICBWTIE, AN DEED O L TN ZES BEEHNRIE SN i, MEEoR
VI T AMEAEICBVNT, ZEAEFL TWL I ENBEMTH S, £7-, TLETE 4+ BOBERAMITIZM
BT AR BEERIIBNTS, TIIHINEIL T 2 AHOAMBERSRSN, Ty oy ZRICERL
T EIIRAS. TINEFICBWTIE, FREFICBT DIRER /NS — oAb, mEREEEIC BT 2 BEN
FEELTWD, &, UHEICBWTIIHEE, BERRICBWTIRAEEEZ > TWL I LM THS. ZNs5D
HREE /NS — > OERFERZEBENENZ &S, MEBRFICMET 2 HNBERERT 20 SHlla N5,

F—-J— R NEEEHE, SAR T¥kiE, HIFRZE B, PALSAR, ALOS

This document is provided by JAXA.



