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The Crustal Deformation of the Northern Pakistan Earthquake of 8 October
2005 Detected by a Satellite
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Fig.1 Region of each image

oMeasuring direction (bottom figure)

+ ENVISAT had done observations diagonally
downward in the East-Southeast above the
target and detected the deformation in the
line-of-sight direction between the satellite
and the ground surface. The displacement in
each direction (North-South, East-West and
Up-Down) has not been figured out directly.
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Fig.2
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InSAR image

oData source

« satellite : ENVISAT of The European Space

Agency (ESA)

+ observation date : Sep 17,2005 (before the
carthquake), Oct 22,2005 (after the earthquake)

oInSAR (Synthetic Aperture Radar Interferometry)

+ The finer color pattern, the greater deformation it is.

+ The place near the center of Fig.2 came approx.
25-cm closer the satellite.

+ This technique has high measurement accuracy (-a
few cm) but is not available to measure more than
several-meter deformation or precipitous terrains.
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Fig.3 Displacement detection using the difference between 2 SAR images( line-of-sight surface displacement: cm, % :
the epicenter by USGS)
+ This method, developed by GSI, has found several-meter-scale crustal deformation extending in a strip-shaped in
the Northeast. Its measurement accuracy is lower (-1m) than that of InSAR, but it has succeeded in detecting this
deformation that is impossible to measure with InSAR.
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Fig.4 Distribution map produced by synthesizing Fig.2 and Fig.3 (line-of-sight surface displacement: cm, % : the epicenter
by USGS)
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Fig.5 Crustal deformation map superimposed on topography and the location of known active faults

S 200m Z & (SRTM), SRORHBITIEWIEALE [P - BB (2005) %], 1% USGS IZ X 2 EIRALE.
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* http://www.fal.co.jp/geog_disaster/files/20051018 research_doc.pdf

MHE (RBTEKRY) - BEEFEE (KBRT) @ 3% 27 bR mii s oE e (749 )
The contour lines are every 200-m (SRTM).The bold black lines are the location of active faults [Nakata &
Kumahara (2005)*], % : the epicenter by USGS

+ The active faults in Fig.5 and Fig.6 had been identified and determined from geomorphologic analysis to be reverse

dextral strike-slip faults with uplift on the northeast side. This crustal deformation detected by GSI is along these

active faults and both were consistent in their displacement directions. Therefore, this earthquake is considered to
be generated by the movement of these active faults. Additionally, it shows the fault movement occurred also in the
southern extension of these known active faults.

+ If we convert it with the assumed direction of the active faults, the amount of uplift is 1.3 times as much as Fig.5.

That means there was a maximum of 6-m uplift in the north of Muzaffarabad, a heavily damaged area, and a

maximum of 4-m uplift in the north of Balakot.

*http://www.fal.co.jp/geog_disaster/files/20051018 research_doc.pdf
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FoX (1) HERALE) & IGWIEOSEEX (FEHlk )

Fig.6 (1) Bird’s-eye view of crustal deformation and active faults (from the south)

o (2) HURASE) & IGHE O B (L D)
6 DIERRICIZZ YV —Y 7 b7 TH 2= 3 D] (htp://www.kashmir3d.com/) Z i L7-.

Fig.6 (2) Bird’s-eye view of crustal deformation and active faults (from the west)
Fig.6 was created in a freeware “KASHIMIR 3D” (http://www.kashmir3d.com/).
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BT OWE T T VILEARO N THERIC L DAL REZ b L ICHEHEIC L > TR 7.
W nEn T —R TRV EEZ LTI ERELTEHAL TN S.
- AWiE &b, ALEIMEE O Wil TABT VRS (FETERI S RCAE R RIS KRB E) &b
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Calculated crustal deformation by a simulated faults model
Left: Arrows show horizontal displacement. Red and blue lines show upward and downward displacement,
respectively. (cm)
Right: Line-of-sight displacement (cm)
Three rectangles are the calculated faults positions and broken lines show the deeper side of each fault. Red
star shows the epicenter by USGS. The black dotted lines are the location of active faults [Nakata & Kumahara
(2005)]
Each fault parameter:
North: strike 332deg. dip 38deg. rake 104deg. width 17km length 25km depth 0.3km slip 6.0m
Center: strike 323deg. dip 16deg. rake 92deg. width 22km length 32km depth 1.5km slip 8.6m
South: strike 325deg. dip 33deg. rake 103deg. width 11km length 15km depth 1.5km slip 2.2m
Mw=7.6 (USGS M=7.6)
+ The fault model is calculated using the SAR observation data shown in Fig.4. We assume that each fault slipped

* 1% USGS

3t DRI

uniformly in each fault plane.
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Fig.8 Area of IKONOS imagery (The background color is the same as Fig.4)
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Fig.9 Distribution of landslides, interpreted IKONOS imagery. (The background color is ditto.)
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