ZUSGS

science for a changing world

The 09/03/2010 Darfield
Earthquake and its Aftershocks,
Including the 02/21/2011
Christchurch Event

Educational Slides
Created & Compiled by Gavin Hayes
U.S. Geological Survey, National Earthquake Information Center

Contributions from:

David Wald, USGS NEIC

Kuo-Wan Lin, USGS NEIC

Kishor Jaiswal, USGS NEIC

Brendon Bradley, U. Canterbury, New Zealand

Gavin Hayes and Kishor Jaiswal are contracted to work for the USGS NEIC by Synergetics Inc., Fort Collins, CO.



Darfield Earthquake, 09/03/2010, Mw?7.0 <USGS

Earthquake Red )
USGS ShakeMap : SOUTH ISLAND OF NEW ZEALAND «USGS Shaking 9 Alert B SusaD
Fri Sep 3,2010 16:35:46 GMT M7.0 S43.53E172.12 Deplh 5.0km ID:2010atbj x z&m&m:&&gﬁﬂgf‘gmeAu ARSS PAGER
. Locston 43,53 172.12°E Depth: &k ' Version 2

Created: 3 weaks, 0 days a'ter earthquake

Rec alert level lor economic losses. Extensive
damage is probalie and the disaster is likely
widespread. Eslimated econamic losses are
0-4% GDP of New Zealand. Past events wit
thig alert level have required a natioral o
imernatioral level respense.

Graen alert level for shaking-relaed fataites,
There is & low likelibood of casuallies.

100

10800
1880 m 0% 10 1380 100

EﬁIm_p?"’“‘w:{lm"l-"osec:l to Earthquake Shaking B

[ESTMATERFOPULATION 2 | 129k | 86k | 139K 298K 20k 2K 0
ERCALL MTENSITY. o[- ¥ vi Vi

PERCEIVED SHAKING | Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme
Pg‘I'EN'I'I AL g’ﬁa‘,""‘ mane none e V. Light Light Mederate MederasaMeavy | Heavy | V. Heavy
AMAGE ",m':?.': mane none nane Light Mozgerate | Mozerate/Hoawy Heavy V. Heavy | V. Heavy
Lt mated eapesure orky nduces proulalicn wihn Te =ap anes
Population Exposure population per -1 53, 4m ‘rom Landscan Structu

ctures:

COwerall, the population in this region resides
in structures that are highly resistant to
earthquake shaking, though some vulnerable
structures exist.

1000 5000 10000

Historical Earthquakes {with MMI levels):

1984-05-24 117 8.1
1980-02-10 147 8.0

Selected City Exposure

frem Geelames.og

170° 172° 174
Map Version 9 Processed Wed Sep 8, 2010 08:02:40 AM MDT — NOT REVIEWED BY HUMAN

PERCEIVED  |Nof fell| Weak | Light |Moderate| Strong |Verystrong| Severe | Violent | Extreme

POTENTAL | none | none | none | Verylight| Light | Moderate |ModerateHoavy| Heavy |Vory Heavy
PEAK ACCI%g) | <17 |.17-1.4| 1.4-3.9 3992 | 9.2-18 18-34 3465 65-124 >124
PEAK VEL(emis)| <0.1 | 0.1-1.1| 11-34 | 3481 | 871-16 ?“ 31-60 60-116 >116 P'\'E?Rmmz-“ I;hm,,-:wp,‘. é”ror::'.:é .,rd:iou: gm?mmaw hu:rd il;rl‘:qu cld crws anpear on mag (% = x1000)
=t AL e O v vi Rartauakeegs govager T o tows modala may add uncutsiy: Event ID: us2010atbj




Christchurch Earthquake, 02/21/2011, Mw8.1 =<USGS

Earthquake Red )
USGS ShakeMap : SOUTH ISLAND OF NEW ZEALAND < USGS Shaking () Alert B &UsAaD
Mon Feb 21,2011 23:51:.43 GMT M 6.3 S43.60 E172.71 Depth: 5.0km |ID:b0001igm M 6.3, SOUTH ISLAND OF NEW ZEALAND ANSS PAGER
_— Origin Tlme Mon 2011-02-21 23:51:43 UTC (12:51:43 local)

Location: 43.60°5 172.71°E Depth: § km Version 7
Creatas: 3 days, 22 rours a'ter earthquake

Estimated Fatalities e et level kor ecnanic sses. Extensive - Egtimated Economic Losses

jarnage is prosacle and the deaster i ikely
. - 07055 GO of New Zealand. Pas: esarts with
'42 .5 O f&?&?&l have required a national o
19% international kevel resparsa, . s
Yellow alert level for shaking-relates lazalities. -
[ | Some casualies e possitle. [ | ‘ ‘ ‘

10800 10800
10 1080 1008 10 1380 100
Letehi S0 tMNone)

Estimated Populatlon Exposed to Earthquake Shaklng

5?“"5 P '3“"-'%3" - 23" 461" 91k 50K B3k 228K 92k 0

Smaremeeeee | 1 [N IV | V| v | vl

PERCEIVED SHAKING | Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme

PgTENTI AL tant nara none nare V. Ligh: Light Maderate MederazaMeavy | Heavy V. Hoavy
AMAGE w nare none nara sight Moczerate | Mozerate'Hoawy Heavy V. Heavy | V. Heavy

“Extmated espoumg orky nduces prpulalicn winn Fe =ap ares

Populatlon Exposure populaton per ~153, <m om Landscar  Structures:

5 1000 5000 TornEl Cverall the population in this region resides

in structures that are highly resistant to

171.75°E 172.75°E earthquake shaking, though some vulnerable

~ exist. The p

building lypes are reinforced muaonry and
block

Y cor

Historical Earthquakes {with MMI levels):

1984-05-24 159 8.1
1980-02-10 134 8.0

-44.5

Selected City Exposure

frem GecNames.og

171° 172° 178° 174
Map Version 7 Processed Fri Feb 25, 2011 03:30:14 PM MST — NOT REVIEWED BY HUMAN

Pm&' Not felll Weak | Light |Moderate| Strong | Very strong Severe Violent | Extreme
POTENTAL | none | none | none | Verylight| Light | Moderate |ModerateHeavyl Heavy |Very Heavy
PEAKACCI%g) | <17 |.17-1.4| 1.4-3.9| 3992 | 9.2-18 18-34 34-65 65-124 >124

PEAK VEL(emis)| <0.1 | 0.1-1.1 1.1-34 | 3481 | &1-16 | 1631 31-60 | 60-116 | >116 B e T ol ooy ] ooy ral g bald ctios aapoar on map (& =x1000)

[ INSTRUMENT YRR T s sake.usgs. ' Event ID: usb0001igm
pggr L [ w | v v [ O :




Comparing Population Exposure
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Much greater exposures at high intensities for the Christchurch earthquake.



Christchurch Earthquake Population Exposure
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This Google Earth snap-shot shows the extent of earthquake ground shaking (from
USGS ShakeMap; represented in color) overlain on population density (from
LandScan 2008, Oakridge National Labs; represented as height of vertical bars) at a

grid size of 1 km-?.




Comparing Shaking Distributions
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In Christchurch,
accelerations were
much higher during
the 02/21 event - up to
X6 the accelerations of
the Darfield
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All difference grids are (Chirstchurch - Darfield). Similarly, the
ratio grid below Is (Christchurch PGA) + (Darfiled PGA).
Circles on the plot below are PGA ratios at common reporting
stations in the Christchurch region (ranging from x1.5-x5.2).
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The concentration of higher accelerations coincided with the regions of highest
population density. Population data from LandScan 2008, Oakridge National Labs.
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Comparing Shaking Distributions
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Christchurch Darfield [
LON | LAT | PGA | LON | LAT PGA | SEP(km) | DIFF |/RATIO
172.64 | -43.53 | 25.22 | 172.64 | -43.53 17.30 000 792 146
172.72 | -43.60 | 3455 | 172.72 | -43.61 22.48 0.65| 12.07| 1.54
172.62 | -43.53 |  27.05 | 172.62 | -43.53 14.94 0.00 | 1211 1.81
172.65 | -43.54 | 69.14 | 172.65 | -43.54 20.22 0.07 | 4892 3.42
172.63 | -43.54 | 51.11 | 172.63 | -43.54 19.78 0.23| 3133 258
172.62 | -43.57 | 7955 | 172.62 | -43.57 23.72 0.00 | 55.83| 3.35
172.70 | -43.50 | 85.73 | 172.70 | -43.50 9.68 0.40 | 76.05/| 8.86
172.71 | -43.58 | 146.60 | 172.71 | -43.58 28.04 0.00 | 118.56/| 5.23
172.72 | -43.61| 41.25|172.72 | -43.61 22.48 047 | 18.77|| 1.84
172.68 | -43.53 | 162.89 | 172.68 | -43.53 31.08 0.00 | 131.81| 5.4
172.64 | -43.52 | 52.84 | 172.64 | -43.52 24.63 0.00| 28.21| 2.5
172.56 | -43.54 | 18.84 | 172.57 | -43.53 9.68 116 | 9.16) 1.95
172.66 | -43.51 | 50.02 | 172.66 | -43.51 11.52 0.00 | 3850 |\ 4.34

4533 | \ 3.37

Table comparing peak ground accelerations (%g) in the vicinity of Christchurch for
the Christchurch 02/21/11 (M6.3) and Darfield 09/03/10 (M7.0) earthquakes. Station
locations are identical where possible; otherwise nearest reported PGA is shown.
Values in the last row show average PGA differences (Christchurch — Darfield) and
average PGA ratios (Christchurch + Darfield). Data from USGS Shakemaps.



Comparing Ground Motions

Spectral acc, Sa (g)
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The figures on the left compare
preliminary ground motions for stations
in the Christchurch region observing
both the Christchurch and Darfield
earthquakes.

Figures courtesy of Brendon Bradley;
data from GNS Science, New Zealand.
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Darfield Earthquake Aftershock Sequence, USGS

09/03/10 - 02/20/11 (prior to the Christchurch earthquake).
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Darfield Earthquake Aftershock Sequence, USGS

09/03/10 - 03/02/11
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Darfield Earthquake Aftershock Sequence, Time History
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Darfield Earthquake Aftershock Sequence, M:Time History
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Darfield Earthquake Aftershock Sequence, Spatial Energy Release
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Understanding
the precise
relationship
between the two
events involves
unraveling the
complex faulting
history of the
Darfield
earthquake, and
how that network
of faults relates to
the fault that
ruptured on
02/21.

This image
projects the
energy release of
all earthquakes in
the sequence onto
an E-W profile.
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