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Abstract

An increase of volcanic activity of Iwo-jima was observed
in August of 2006. We applied InSAR to PALSAR data
for detection of crustal deformation in Iwo-jima. A slant-
range change representing subsidence of several centime-
ters throughout Motoyama was detected on the interfero-
gram showing crustal deformation until August of 2006.
Shortening of the slant-range throughout the island was
found in the period between August and November, and it
indicates the inflation of the deep source. In the period
between November and February of 2007 that volcanic
activity was highest, the blockwise uplift of Motoyama was
found. It suggests that the magma which had pooled in
shallow depth was pushed up by the magma that ascended
from deep magma chamber, and its magma would intrude
along the outside of the magma which had pooled in shal-
low depth. It seems that progress of its intrusion has been
complicated temporally and spatially.
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1. INTRODUCTION

Iwo-jima is a caldera volcano which is part of the Izu-
Ogasawara arc (Fig. 1). An extremely high uplift which
often exceeds 1m in a year characterizes its volcanic activ-
ity. In August of 2006, subsidence which had continued
from 2003 rapidly changed to uplift (Fig. 2), and an in-
crease of seismicity was also observed simultaneously.

To gather information about such an increase of the vol-
canic activity, emergent observations and high frequent
observations have been carried out by cooperation between
Coordinating Committee for Prediction of Volcanic Erup-
tion and JAXA. We applied interferometric synthetic aper-
ture radar (InSAR) to these data, and detected the temporal
change of crustal deformation related to an increase of the
volcanic activity. In this paper, we present obtained crustal
deformations and the model of magma movements which
is inferred from them. To explain the results simply, we
divided the period as shown in Fig. 2.

2. INSAR PROCESSING
InSAR can detect a change in a slant-range between the

satellite and the earth surface due to crustal deformation. It
corresponds to an inner product of a displacement vector

and a unit vector of line-of-sight direction. Line-of-sight
directions are shown in each interferogram. We used 2-
pass differential InNSAR method to remove topographic
component, and 10m-mesh DEM generated by Hokkaido-
chizu co., Itd. was used to apply this method. Finally, inter-
ferograms were adjusted to displacements observed by
GPS to correct the remains of orbital component. Since the
reference site of their GPS displacements is Haha-jima,
final results which are shown in this paper is a slant-range
change with respect to Haha-jima GPS site.

3. CRUSTAL DEFORMATION IN QUIET PERIOD
AND 15T STAGE

Fig. 3(a) shows interferogram showing crustal deformation
in the quiet period. Slant-range extension representing
slight subsidence is found throughout Motoyama. On the
other hand, slant-range shortening throughout the island
suggesting an inflation of volcano is found on the inter-
ferogram of 1* stage (Fig. 3(b)). Its wavelength is rela-
tively long, and a contraction pattern with the wavelength
of several km is superposed on it. Contraction pattern in
Motoyama seems to appear independently of volcanic ac-
tivity from previous research [1]. From the wavelength of
the inflation pattern, we suspect that the depth of the infla-
tion source is deeper than 2km and shallower than 10km.

4. CRUSTAL DEFORMATION IN 2™’ STAGE

In 2™ stage, the acceleration of the uplift and further in-
crease of the seismicity were observed. PALSAR observa-
tions were carried out from the ascending and the descend-
ing orbits in this stage, and changes of slant-range for two
directions were obtained (Fig. 3(c)-(e)). Slant-range change
in this stage is 4 times larger than that of 1% stage. Espe-
cially the characteristic fringe pattern is found along the
Asodai Fault which is located in the west coast area.
Cracks were found on roads crossing the fault in this pe-
riod, and therefore it must be the fringe pattern showing
dislocation of the fault. To see crustal deformation in
detail, we derived 2-D displacement map using the method
of [3] (Figs. 4). Quasi-vertical component inclines 10
degree to the south from vertical, and quasi-EW compo-
nent is almost equal to absolute EW component. Along the
Asodai Fault, sharp contrast corresponding to approxi-
mately Scm deformation in the vertical component is found
on the map of quasi-vertical component, and its contrast
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Figure 1. (a) Bathymetric map around Iwo-jima described from ETOPO2. Contours indicate depth at

1,000m intervals. (b) Map of Iwo-jima. Blue circles s

how GPS sites. Red curve shows the Asodai Fault.
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Figure 2. Time series depicting vertical movement of IWJ1 relative to Haha-jima

turns to the east at the south end of the fault along the fault
zone (Fig. 4(a)). It seems that Motoyama has been uplifted
blockwise. The map of quasi-EW component shows that
the west side of the Asodai Fault has moved to the west,
and it might relate to blockwise uplift of Motoyama.

5. TEMPORAL CHANGE OF CRUSTAL
DEFORMATION in 2™° AND 3®° STAGE

The uplift of Motoyama decelerated in the end of 2™ stage,
and is continuing in constant speed in 3" stage (Fig. 2). Fig.
3(d)-(i) show interferograms which have been generated
from the descending data observed in 2™ and 3™ stages.
Deformation along the Asodai Fault is found in all inter-
ferograms, though its amount is different. Fig. 5(a) shows
the temporal change of the deformation across the fault
calculated from comparison of slant-range changes at two
points shown by red line of Fig. 3(d). It has decelerated in
the end of 2™ stage and is continuing in constant speed in
3" stage, and its pattern is similar to that of the uplift of
Motoyama. From this pattern, we think that this is not de-
formation such as landslide triggered by an increase of
volcanic activity but deformation which directly related to

it. Fig. 5(b) and (c) show the temporal change of the slant-
range at the north and south coasts which are calculated
from comparison of slant-range changes at two points
shown by green and blue lines of Fig. 3(d). Although the
temporal change pattern continuing in constant speed in 3™
stage is the same at the north and southeast coasts and the
Asodai Fault, those in 2™ stage are different. It means that
the sources which caused each deformation are different.

6. A MODEL OF MAGMA MOVEMENTS
INFERRED FROM PALSAR/InSAR

The gravity and the geomagnetic surveys suggested that
the magma which was shaped like a funnel (Shallow
Magma) had pooled in 1~2km depth just under Moto-
yama [4],[5]. The source of the inflation in 1% stage was
deeper than its depth, and it indicates that the inflation of
a deeper magma chamber has occurred (Fig. 6(a)). In 2™
stage, we think that the magma has ascended to the bot-
tom of Shallow Magma and that Shallow Magma has
been pushed up by the ascending magma. The blockwise
uplift of Motoyama can be explained by its scenario (Fig.
6(b)). The magma that ascended to the bottom of Shallow
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Figure 3. Interferograms generated from PALSAR data. Observed dates are shown in the upper of each
figure. Contour lines represent slant-range change at 2cm intervals.
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Figure 4. Map of (a) quasi-vertical and (b) quasi-EW components of displacement
in 2" stage.Superposed fault map is from [6].
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Figure 5. Temporal slant-range change calculated from comparison between two points shown by (a)
red (Asodai Fault), (b) green (north coast), and (c) blue (south east coast) lines of Fig. 3(d).
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Figure 6. A model of magma movements. (a) Model of I stage (b) Model of 2" stage (c) Model of 3 stage.

Magma would intrude along the outside of Shallow
Magma, and we think that it has caused crustal deforma-
tion in the north and the southeast coasts and the Asodai
Fault. The difference between temporal change patterns of
deformation at the north and southeast coasts and the Aso-
dai Fault in 2™ stage suggests that those intrusions are not
uniform temporally and spatially. Deformation continuing
in constant speed in 3™ stage suggests that a supply of
magma is continuing and that the magma which has pooled
along the outside of Shallow Magma is inflating (Fig. 6(c)).

7. SUMMARY

We detected temporal change of crustal deformation re-
lated to an increase of volcanic activity in Iwo-jima using
PALSAR/InSAR. This is the first result that has mapped
temporal change of crustal deformation related to an in-
crease of volcanic activity of Iwo-jima in detail, and is ex-
tremely important to understand its mechanism. However
its deformation pattern is very complicated, and more de-
tailed investigations and observations will be needed in
future work.

Acknowledgement

ALOS/PALSAR observations were carried out under the
collaboration between Coordinating Committee for Predic-
tion of Volcanic Eruption and JAXA. PALSAR level 1.0
data are shared among PIXEL (PALSAR Interferometry
Consortium to Study our Evolving Land surface), and pro-
vided from JAXA under a cooperative research contract
with ERI, Univ, Tokyo The ownership of PALSAR data

belongs to METI (Ministry of Economy, Trade and Indus-
try) and JAXA. We used GEONET GPS data.

References

[1] M. Ukawa et al., "Long-term geodetic measurements
of large scale deformation at Iwo-jima caldera, Japan", J.
Volcanol. Geotherm. Res., No.150, 2006, pp.98-118.

[2] K. Mogi, "Relations between the erup-tions of vari-
ous volcanoes and the deforma-tion of the ground sur-
face around them", Bull. Earthq. Res. Inst. Univ. Tokyo,
No.36, 1958, pp.99-134.

[3] S. Fujiwara et al., "2.5-D surface deformation of
M6.1 earthquake near Mt Iwate detected by SAR inter-
ferometry", Geophys. Res. Lett., No.27, 2000, pp.2049-
2052.

[4] S. Ehara, "Gravity anomalies on Iwo-jima"Geog, J.
raphy, No.94, 1985, pp.488-497 (in Japanese with Eng-
lish abstract).

[5] S. Oshima et al., "Geomagnetic anomaly distribution",
J. Geography, No.94, 1985, pp.502-515 (in Japanese
with English ab-stract).

[6] N. Oyagi and T. Inokuchi, "Geology of Iwo-jima”, J.
Geography, No.94, 1985, pp.436-445 (in Japanese with
English abstract).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


