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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.

#1 JERS-1 O R TR Wiea 3Ry
Table 1 Interferometric pairs used in JERS-1 SAR analysis.

Pair No. Master Slave Recurrence time [day] Bperp [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

AL, SV RA. Apersid,

| mm.

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 Apsar; 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 Apsar: 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 Apaps Apsars Diff,, Apsaro Diff.,,
T -1 -4 -35 21 -6 -8 16 -5
M -2 5 -20 17 0 1 16 -1
1JS -5 -3 22 -17 -24 12 -18 -1
W1 5 -1 =27 19 - - 19 -
1wWi2 -4 2 13 -11 -30 7 -16 -5
A2
Site NS EW UD Apcrs Apsari Diff., Apsar2 Diff.,
T 5 -9 39 -32 26 10 -31 1
M -3 -5 45 -35 35 21 -35 0
1JS -34 3 26 -20 48 20 -18 2
IWIJ1 14 -13 60 -48 - - -48 -
IWJ2 -31 7 4 -2 61 15 -3 -1
A3
Site NS EW UD Apgrs Apsari Diff, Apsar2 Diff.,
T -10 -12 352 -248 -12 -15 -250 -2
M -13 -6 319 -222 24 -6 -222 0
1JS -83 -3 79 -66 208 22 -68 -2
IWJ1 6 -23 349 -252 - - =252 -
1WJ2 -88 -9 41 -45 231 25 -46 -1
D1
Site NS EW UD Apaps Apsari Diff, Apsar2 Diff.,
T 4 -3 196 -132 5 -2 -139 -7
M 5 -10 192 -125 24 10 -124 1
1JS -50 1 44 -38 90 -12 -51 -13
IWIJ1 6 -9 212 -139 — — -139 —
IWJ2 -52 -3 21 -19 126 6 -14 5
D2
Site | NS | EW | UD Apaps Apsars Diff,, Apsars Diff.,,
T -18 -10 157 -103 -25 1 -99 4
M -21 3 130 -95 -17 -1 -94 1
1JS -38 -5 36 -26 52 4 -27 -1
W1 -3 -15 128 -78 - - -78 -
1Wi2 -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 2 cm 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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circle) at 2cm intervals.
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(a) Enlarged interferogram for A3. (b) Enlarged interferogram for D1. (¢) 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) .
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