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At least 65 people confirmed to have been killed
Hundreds feared trapped in collapsed buildings
Centre of city evacuated as aftershocks continue
Phone network outage in many areas

Vast liquefied areas
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N T h ieamthquake was an aftershock of the September 2010
magnitude 7.0 earthquake, and one of hundreds of aftershocks
Christchurch has experienced.

However, unlike the September 2010 magnitude 7.0 earthquake,
which struck early in the morning when streets were virtually
empty, this earthquake struck just before 1 pm local time when
the streets, shops and offices in Christchurch were full.o
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Teachable Moments
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AChr i st ashatid cebuilding from the September 3, 2010
magnitude 7.0 earthquake that struck 45 km (30 miles) west of
the city. That earthquake damaged hundreds of buildings in the
city and caused an estimated $5 billion in damage. A strong
aftershock in December further weakened buildings.

The epicenter of the February 21, 2011 magnitude 6.3 earthquake
was just 5 km (3 miles) from Christchurch. Because of proximity
to the epicenter, ground shaking in Christchurch was much
more severe for this latest earthquake than for the larger

maghnitude 7 event in September.o
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Teachable Moments
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New Zealand Tectonics
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Deep earthquakes the last ten years

Ten years of
deep
earthquakes in
New Zealand

(Depths = 40 km)
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Shallow earthquakes the last ten years

(Depths < 40 km)

Magnitude

< 0 O ~ ©
[ [ ' ' [
™M < 0 © N~

GNS

w
0
Z
w
4]
U]

a
<
]
o
W

=E]
L

L
L
O
a
(92]




New Zealand tectonics

s 75km
(below sea level)

100km
™ (below sea level)

125km

— (below sea level)
150km

™ (below sea level)

55 175km
(below sea level)

| 200km
(below sea level)

North Island

Indian/
Australian
Plate

© Baedeker

netvvare.co

The Pacific plate is gradually being pushed beneath the Australian plate, which caused the massive earthquake
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New Zealand tectonics
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Tasman Sea

Active volcano
Major active faults
Continental crust

Very thick oceanic crust

Oceanic crust

New Zealand lies along the intersection between the Australian and Pacific tectonic plates
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Seismological aspects
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Earthquake Details

Magnitude: 6.3

Date-Time: Monday, February 21, 2011 at 23:51:43 UTC Tuesday, February
22,2011 at 12:51:43 PM at epicenter

Location: 43.6004S, 172.710/E
Depth: 5 km (3.1 miles)
Region: SOUTH ISLAND OF NEW ZEALAND

Distances : NEAR Christchurch, New Zealand

225 km (140 miles) SSE of Westport, New Zealand

305 km (190 miles) SSW of WELLINGTON, New Zealand

310 km (190 miles) NE of Dunedin, New Zealand

Location Uncertainty : horizontal +/- 12.2 km (7.6 miles); depth +/- 0.6 km (0.4
miles)

T To To T

A Parameters: Nph= 0, Dmin=0 km, Rmss=0.98 sec, Gp= 0,
M-type="moment" magnitude from initial P wave (tsuboi method) (Mi/Mwp),
Version=D

A Source : Institute of Geological and Nuclear Sciences, Lower Hutt, New Zealand

source: http://www.usgs.gov/ r
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Tectonic Summary

A
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The February 21, 2011 South Island, New Zealand earthquake occurred
as part of the aftershock sequence of the M 7.0 September 3, 2010 Darfield,
NZ earthquake.

It involved oblique-thrust faulting at the easternmost limit of previous
aftershocks, and like the mainshock itself is broadly associated with regional
plate boundary deformation as the Pacific and Australia plates interact in
the central South Island, New Zealand.

This latest shock is significantly closer to the main population center of
Christchurch, NZ, than is the September 2010 mainshock, in the vicinity of
several other moderate (M 4 to 5) sized aftershocks located east of the
main rupture zone of the 2010 event.

Since the September 3, 2010 mainshock, there have been approximately 6
M>=5.0 aftershocks in the Christchurch region. The February 21st
earthquake represents the largest aftershock to date, more that half a
magnitude unit larger than the previous largest aftershock.

source: http://www.usgs.gov/ r
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Earthquake location maps
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Earthquake location maps
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Intensity

USGS Community Internet Intensity Map
SOUTH ISLAND OF NEW ZEALAND

Feb 22 2011 12:51:43 local 43.65 172.71E M6.3 Depth: 5 km [D:usb0007igm

CITY SIZE

42°S

Distance vs. Intensity Plot (ID usb0001igm)
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Intensity

46°S

65 responses in 27 cities (Max CDI = VIII) 1 -Processed Tue Feb 22 08:12:53 201 1
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170°E 172°E 174°E 176°E

INTENSITY | | IH | IV vV vi

SHAKING |Motfelt| Weak | Light |Moderata| Strong |Very strong Savers Wiolent | Exirama

DAMAGE | nore | nome | none | Werylight | Light Moderate |Moderate'Heawy | Heawy | W. Heawy

Processsd: Tue Feb 22 08:12:50 2011
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source: http://www.usgs.gov/

- Atkinson-Wald 2007 CentVEUS
- Atkinson-Wald 2007 Calif.
All reported data
I +-1 STDEV intensity each distance bin
o Median intensity each distance bin
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Instrumental Intensity map
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USGS ShakeMap : SOUTH ISLAND OF NEW ZEALAND

-42°

Mon Feb 21, 2011

172°

235143 GMT M 6.3 S4360E172.71 Depth: 5.0km 1D:b0001igm

I

174"
Map Version 4 Processed Mon Feb 21, 2011 09:58:21 PM MST — NOT REVIEWED BY HUMAN
PERSENE® |Notfell| Weak | Light |Moderate| Strong | Verysirong|  Severe | Violent | Extreme |
POTENTAL | none | none | nono | verylight| Lignt | Moderate |ModerateHeavy Heavy |Very Heavy|
PEAKACC(%g) | <17 |.17-1.4| 1.4-3.9| 3992 | 9218 | 1834 3465 | 65124 | >124
PEAK VEL(cmis)| <0.1 | 0.1-1.1| 1.1-34 | 3481 | 81-16 | 16-31 31-60 | 60-116 | >116
INSTRONENTAL| | | il | IV v Vi

source: http://www.usgs.gov/
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Peak Ground Acceleration

USGS Peak Accel. Map (in %g) : SOUTH ISLAND OF NEW ZEALAND
Mon Feb 21,2011 23:5143 GMT M 6.3 $43.60 E172.71 Depth: 5.0km |D:b0001igm

170° 172° 174
Map Version 4 Processed Mon Feb 21, 2011 09:58:21 PM MST — NOT REVIEWED BY HUMAN

source: http://www.usgs.gov/
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Peak Ground Velocity

USGS Peak Velocity Map (in cm/s) : SOUTH ISLAND OF NEW ZEALAND
Mon Feb 21,2011 235143 GMT M 6.3 S4360E172.71 Depth: 5.0km 1D:b0001igm
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Map Version 4 Processed Mon Feb 21, 2011 09:68:21 PM MST — NOT REVIEWED BY HUMAN

source: http://www.usgs.gov/
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Uncertainty
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USGS PGA/Sigma Map (in %g) : SOUTH ISLAND OF NEW ZEALAND
Mon Feb 21,2011 23:51 43 GMT M 6.3 S43.60 E172.71 Depth: 5.0km |D:b0001igm

170° 172° 174"
Map Version 4 Processed Mon Feb 21, 2011 09:58:21 PM MST — NOT REVIEWED BY HUMAN

source: http://www.usgs.gov/
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Spectral Response

0.3 sec Period 1 sec Period

USGS 0.3 s Pseudo-Acceleration Spectra (%g) : SOUTH ISLAND OF NEW ZEALA  USGS 1.0 s Pseudo-Acceleration Spectra (%g) : SOUTH ISLAND OF NEW ZEALAND
Mon Feb 21,2011 23:51:43 GMT M 6.3 $43.60 E172.71 Depth: 5.0km ID:b0001igm Mon Feb 21,2011 23:5143 GMT M 6.3 S43.60E172.71 Depth: 5.0km ID:b0001igm

-42' 42

170° 172° 174°

Map Version 4 Processed Mon Feb 21, 2011 09:58:21 PM MST — NOT REVIEWED BY HUMAN 170° 172 174"
NOTE: These sre automated maps based on Instrumental response spectra, Map Version 4 Processed Mon Feb 21, 2011 09:58:21 PM MST — NOT REVIEWED BY HUMAN
and may not be appropriste for rison with design spectral values. NOTE: These sre sutomated msps based on Instrumenta! response spectrs,
and may not be appropriate for comparison with design spectral values.
source: http://www.usgs.gov/ r
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Media Maps

Decorated Bare

USGS ShakeMap Magmtude 6_3
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Map Version 4 Processed Mon Feb 21, 2011 09:58:21 PM MST ~ NOT REVIEWED BY HUMAN
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Map Version 4 Processed Mon Feb 21, 2011 09:68:21 PM MST — NOT REVIEWED BY HUMAN

source: http://www.usgs.gov/ r
AUTH 99 SDGEE &

| &N



Earthquake Shaking Alert Level

AUTH

LATAITU. IS, £ UGS SIS Tl Iy uans

Estimated Fatalities Red alert level for economic losses. Extensive  Estimated Economic Losses
damage is probable and the disaster is likely
widespread. Esfimated economic losses are
10-60% GDFP of New Zealand. Past events with

this alert level have required a national or
international level response. 2am 33%
1%
Yellow alert level for shaking-related fatalities. *ﬂ
Some casualties are possible.
1 bt 10,000 1 1 10.000

10 1,000 100,000 19 1,000 100,000
Fatalties USD (M Mans)
Estimated Population Exposed to Earthquake Shaking
ESTIMATED POPULATION
EXPOSURE (k - x1000) - - 161k* 94k 54k 68k 245k 65k 0
smercowearee | 1 || v [ v [ vi [ v
PERCEIVED SHAKING Not felt | Weak | Light [Moderate| Strong | Very Strong Severe Violent | Extreme
Resistant B .
POTENTIAL none none none V. Light Light Moderate Moderate/Heavy Heavy V. Heavy
DAMAGE g“nhngﬁm: none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V. Heavy
i o only includes ion within the map area.
Population EXPOSUI’B population per ~1 sg. km from Landscan ~ Structures:

Overall, the population in this region resides
=N S ILLUI | i clures that are highly resistant (o
earthquake shaking, though some vulnerable
structures exist. The predominant vulnerable
building types are reinforced masonry and
concrete/cinder block masonry construction.

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max _ Shaking
MMI

1994-06-19 90 59
1984-06-24 159 6.1
1990-02-10 134 6.0

Selected City Exposure

from GeoMames.org

MMI Ci

VIl Lincoln

2
Woodend 3
Bumham 1
Rolleston 3
Leeston 1
Greymouth 9
Westport 4
Blenheim 27
Oamaru 1

e Timaru 28
PAGER content is automatically generated, and only considers losses due to structural damage. bold cities appear on map {k = x1000)
Limitations of input data, shaking estimates, and loss models may add uncertainty.

http://earthquake. usgs.gov/ipager Event ID: usb0001igm
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Historical seismicity
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Seismic hazard map
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Earthquake Density Maps
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Earthquake Density Maps
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USGS Centroid Moment Solution

USGS CENTROID MOMENT TENSO
11/02/21 23:52:02.79
Centroid: -43.566 172.733

Depth 10 No. of sta: 36

Moment Tensor; Scale 10**18 Nm
Mrr=1.11 Mtt= 0.58
Mpp=1.69 Mrt=0.20
Mrp=-0.40 Mtp=1.23

Principal axes:

T Val= 1.47 Plg=45 Azm= 28
N 0.78 44 198

P -2.25 5 293

Best Double Couple:M0=1.9*10**18
NP1:Strike= 60 Dip=56 Slip= 148
NP2: 170 64 39

Visual representation of the style of faulting
(focal mechanism) derived from the estimated
moment tensor. Shaded areas show quadrants
of the focal sphere in which the P-wave first-
motions are away form the source, and
unshaded areas show quadrants in which the P-
wave first-motions are toward the source.

Mw 6.1
USGS Centroid Moment Tensor Solution
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Date: 21 FEB 2011

Time: 23:51:41.01

Epicenter: -43.638 172.819 r
28 Depth: 10 km SDGEE



USGS WPhase Moment Tensor Solution

USGS/WPHASE CENTROID MOMENT TENSOE  Visual representation of the style of faulting

11/02/21 23:51:42.00
Centroid: -43.513172.438
Depth 15 No. of sta: 17
Moment Tensor; Scale 10**19 Nm
Mrr= 0.06 Mtt= 0.06
Mpp=0.12 Mrt= 0.05
Mrp=-0.05 Mtp=0.10
Principal axes:
T Val= 1.20 Plg=16 Azm= 64
N =067 54 311
P =187 32 164

Best Double Couple:M0=0.2*10**19
NP1:Strike= 64 Dip=59 Slip= 156
NP2: 166 70 33
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AUTH

(focal mechanism) derived from the estimated
moment tensor. Shaded areas show quadrants
of the focal sphere in which the P-wave first-
motions are away form the source, and
unshaded areas show quadrants in which the P-
wave first-motions are toward the source.

Mw 6.1
USGS WPhase Moment Tensor Solution

Date: 21 FEB 2011

Time: 23:51:42
Epicenter: -43.513 172.438 r E
29 Depth: 15 km SDGEE k o
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Historic USGS Moment Tensor Solutions
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Theoretical P-Wave Travel Times

Predicted (theoretical) travel times, in minutes, of the compressional (P) wave
from the earthquake location to points around the globe. The travel times are
computed using the spherically-symmetric IASP91 reference earth velocity
model. The heavy black lines shown are the approximate distances to the P-
wave shadow zone (103 to 140 degrees).
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Strong Motion Records
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A Much higher PGA and PSA values than the previous
earthquake (Sept. 2010, M=7.1)

A In a specific location (LPCC) the PHGA (T=0) is almost 1.0g !
and the PHSA values at T=0.10 - 0.20 sec are of the order of
3.0g !!!
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Recordings

source: http://www.stuff.co.nz/the-press/
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