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Three large earthquakes occurred along the
Kermadec Trench, north of New Zealand. The
earliest and southern-most earthquake (M 7.3
at 13:27 UTC) occurred northeast of
Gisborne, New Zealand at a depth of 20 km.

The M 7.4 and M 8.1 earthquakes occurred at
17:41 and 19:28 UTC respectively near the
Kermadec Islands, New Zealand. Given the
~950 km distance from the M 7.3 to the two
larger earthquakes, it is unlikely the M 7.3
triggered the two larger events.

NOAA released tsunami warnings for many
islands in the southwest Pacific. There were
no immediate reports of serious damage or
casualties before the warning was
downgraded.
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More Info:
https://earthquake.usgs.gov/earthquakes/eventpage/us7000dffl/executive
https://earthquake.usgs.gov/earthquakes/eventpage/us7000dfk3/executive
https://earthquake.usgs.gov/earthquakes/eventpage/us7000dflf/executive
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The Kermadec Islands are the tiny S e
emergent part of a chain of submarine = - sl e

4 Active undersea volcano

volcanoes that define the Kermadec
Ridge. There are no permanent
settlements on the islands.
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important for New Zealand as they define > i
the northern extent of the Exclusive a2
Economic Zone (EEZ) and the Extended oS
Continental Shelf (ECS). North Island 2
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The Modified-Mercalli Intensity
(MMI) scale is a ten-stage scale,
from | to X, that indicates the
severity of ground shaking.

The M 7.3 was felt across much
of New Zealand.
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USGS Estimated shaking Intensity from M 7.3 Earthquake
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Presentation Notes
Shaking intensity scales were developed to standardize the measurements and ease comparison of different earthquakes. The Modified-Mercalli Intensity scale is a ten-stage scale, from I to X.  Lower numbers represent imperceptible shaking while X represents total destruction.

Relevant animation:  
Earthquake Intensity https://www.iris.edu/hq/inclass/animation/earthquake_intensity 



-l Magnitude 7.3 NEW ZEALAND

|RIS Magnitude 7.4 KERMADEC ISLANDS

bk Magnitude 8.1 KERMADEC ISLANDS
Thursday, March 4, 2021

The USGS PAGER map shows the
population exposed to different Modified
Mercalli Intensity (MMI) levels.

shaking from the M7.3 earthquake.

I Mot Felt 0k*
' II-1I11 \ Weak 2719k
- Light 225K
- Moderate 4k
VI Strong 0k
E Very Strong 0Ok
- Severe ok The color coded contour lines outline regions of MMI intensity.
The total population exposure to a given MMI value is obtained by
- Violent 0k summing the population between the contour lines. The estimated
population exposure to each MMI Intensity is shown in the table.
- sreme ok Image courtesy of the US Geological Survey
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Presentation Notes
The USGS PAGER map shows the population exposed to different Modified Mercalli Intensity (MMI) levels.  MMI describes the severity of an earthquake in terms of its effect on humans and structures and is a rough measure of the amount of shaking at a given location.  

Relevant animation: 
Earthquake Intensity: https://www.iris.edu/hq/inclass/animation/earthquake_intensity 
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The Modified-Mercalli Intensity
(MMI) scale is a ten-stage scale,
from | to X, that indicates the
severity of ground shaking.

Since the Kermadec Islands are
uninhabited, the M 8.1 was likely

not felt.
Perceived
MMI Shaking
Extreme
“ Violent
Vill
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I Not Felt

USGS Estimated shaking Intensity from M 8.1 Earthquake
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Shaking intensity scales were developed to standardize the measurements and ease comparison of different earthquakes. The Modified-Mercalli Intensity scale is a ten-stage scale, from I to X.  Lower numbers represent imperceptible shaking while X represents total destruction.

Relevant animation:  
Earthquake Intensity https://www.iris.edu/hq/inclass/animation/earthquake_intensity 
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Blue arrows on this map show the motion of
the Pacific Plate with respect to the Australia
Plate. The epicenters of the three
earthquakes are shown by the red stars.
These earthquakes occurred along the
Kermadec Trench where the Pacific Plate
subducts beneath the Australia Plate.

.IAug’éralia Plate | *‘:ﬁ- 7 cmlyr )
Notice how the rates of subduction of the I A Vg P

Pacific Plate change along the Kermadec and (R 75 I Pacific P.Iate
Tonga trenches from less than 5 cm/yr in the { YarE i 5 W Ak Y
south to more than 8 cm/yr in the north. __'i§e'r'm'-adé'c eyl |

These changes in linear rates are a reminder ﬂ-.'a, Trench. T g x

that lithospheric plates are spherical shells, not
flat plates. Plate motions are actually relative
rotations of spherical shells rather than linear
motions of flat plates. Because the Tonga —
Kermadec convergent plate boundary is 2500
km (over 1500 miles) long, the importance of
spherical geometry is quite clear in this region.
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The earthquakes are labeled on this &
seismicity map showing the most ®
recent 2000 magnitude 4 or larger

earthquakes in this region of

convergence between the Australia

and Pacific Plates. Across the

Kermadec and Tonga trenches,

earthquake depths increase from

east to west as the the Pacific Plate

subducts beneath the Australia -, Pacific

Plate.
ate Plate

North New Hebrides Trench“m'

\M8.1 March 4, 2021

As shown in the previous slide, the
Pacific Plate subducts faster into
the Tonga Trench than into the
Kermadec Trench. So, it remains
brittle and capable of generating
deeper earthquakes in the northern
part of the subduction zone. This
seismicity map illustrates how the
depths of the deepest earthquakes
increase from south to north along
the Kermadec and Tonga trenches.

Kermadec
Trench
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Exploring Seismicity:
Interactive Earthquake Browser—World map or 3D viewer http://www.iris.edu/ieb
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Animating ten years of seismicity in the region.

Animation created with the IRIS Earthquake Browser
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Interactive Earthquake Browser—World map or 3D viewer http://www.iris.edu/ieb
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The first earthquake, a M 7.3 at 13:27 UTC
was followed by at least 10 aftershocks
fromM 4.7 - M 5.6.

Auckland

H-:1rr.ill-:-r| M73 <

While a M 7.4 occurred later the same day ;
to the north, due to the distance, it is North
unlikely to have been triggered by the D

earlier M 7.3. M7.3
: and Aftershocks

However, the M 7.4 at 17:41 UTC turned
out to be a foreshock to a M 8.1 that struck
at 19:28 UTC.

The M 8.1 was followed by at least 38
aftershocks from M 4.9 — 6.2.

M 7.4 Foreshock

Magnitude (Size) M 8.1 Mainshock
. @0ocoe..-.
Maps created with the IRIS Earthquake Browser |9 8 7 654321 and Aftershocks
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Relevant Animation:
Earthquake Foreshock – Mainshock - Aftershock: https://www.iris.edu/hq/inclass/animation/earthquake_foreshockmainshockaftershock 
Exploring Seismicity:
Interactive Earthquake Browser—World map or 3D viewer http://www.iris.edu/ieb
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A foreshock is a smaller magnitude
earthquake that precedes the mainshock.

There are no special characteristics of a
foreshock that let us know it is a foreshock
until the mainshock occurs.

A mainshock is largest magnitude
earthquake during an earthquake sequence.

Afters.hocks are smaller earthquakes P T .
occurring after a large earthquake as the O et mainshock and aftershock
fault adjusts to the new state of stress. Sh ks

v

mainshock

\

background

Probability

The graph shows how the number of
aftershocks and the magnitude of
aftershocks decay with increasing time
since the main shock. The number of 4 I

aftershocks also decreases with distance [ TTIT P¢l :
from the main shock. Time

L 3

Mag

L 3

Image courtesy of the US Geological Survey



Presenter
Presentation Notes
Relevant Animation:
Earthquake Foreshock – Mainshock - Aftershock: https://www.iris.edu/hq/inclass/animation/earthquake_foreshockmainshockaftershock 
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The interaction between the

Pacific and Australia Plates

creates one of the most [iﬂ January 2014 ]
seismically active tectonic Ekatahuna Mg.2
environments in the world.

This image labels notable shallow
earthquakes on the North Island of
New Zealand since 1848.

[EMamhmﬂT

Edgecumbe MG.5

2 September 2016 |
East Cape M7.1

6 February 1995 |
East Cape M7.0

20 December 2007 |
Gizsborne M6.8

Hawke’s Bay M7.3

3 February 1931 |
Hawke's Bay M7.8

13 February 1931

23 February 1863 |
Hawke's Bay M7.5

9 March 1934

Pahiatua M7.6
23 January 1855 24 June 1942
Wairarapa M8.2 Wairarapa M7.2

2 August 1942

Wairarapa M7.0

Image modified from GNS Science



Magnitude 7.3 NEW ZEALAND

IRIS Magnitude 7.4 KERMADEC ISLANDS

fudalellonents - Magnitude 8.1 KERMADEC ISLANDS
Thursday, March 4, 2021

To help understand the seismic risk 37 e
in New Zealand, GNS Science has b
been measuring the locations of R
Global Positioning System (GPS) km

38 — —

sites since the early 1990s. a E’ { ﬁh _

Over time these recordings have 20 mm/yr f — RLY,
shown that the surface of the 39 et e
landscape is being deformed by s o~ g~
tectonic movements as the Australia N S

and Pacific Plates slowly converge.

This diagram illustrates rate of
motion of GPS stations across the
North Island. The eastern margin of
the North Island is being pushed
westward due to WSW motion of the
Pacific Plate across a convergent
plate boundary with high friction. As
the North Island is compressed, it
stores elastic energy that could be
released during a future earthquake.

178 179

Image courtesy of GNS Science
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The focal mechanism is how seismologists plot the 3-D stress orientations of an

earthquake. Because an earthquake occurs as slip on a fault, it generates primary (P) waves
in quadrants where the first pulse is compressional (shaded) and quadrants where the first
pulse is extensional (white). The orientation of these quadrants determined from recorded
seismic waves determines the type of fault that produced the earthquake.

8 The M 7.3 earthquake had complex waveforms suggesting

// "\ M 7 4 that potentially more than one fault was involved.

A | .

A T
( / The M 7.4 foreshock and M 8.1 mainshock have similar focal
\ y ] mechanisms indicating these earthquakes occurred as the

\ 4 result of thrust faulting on or near the subducting plate

N interface.
Reverse/Thrust/Compression
M 8.1

o —
: The tension axis (T) reflects the \/ \ /

minimum compressive stress

direction. The pressure axis (P)

reflects the maximum Block model
compressive stress direction.

Focal 2D Projection
Sphere of Focal Sphere
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Relevant Animation:
Focal Mechanisms Explained https://www.iris.edu/hq/inclass/animation/focal_mechanisms_explained 
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This animation explores the motion of a reverse fault, and how reverse faults are represented
in a focal mechanism.

Focal mechanism solutions are estimated by an analysis of observed seismic waveforms,
recorded after the earthquake, observing the pattern of "first motions", that is, whether the
first arriving P waves push up or down.
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Relevant Animation:
Focal Mechanisms Explained: https://www.iris.edu/hq/inclass/animation/focal_mechanisms_explained
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Magnitude 7.3 NEW ZEALAND
Wednesday, March 4, 2021 at 13:27:36 UTC
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The record of the M7.3 earthquake in Bend, Oregon (BNOR) is shown above.
Bend is 10849 km (6742 miles, 97.9° ) from the location of this earthquake.
P / e -~
Following the earthquake, it took 13 minutes and 34 seconds for the compressional
P waves to travel a curved path through the mantle to Bend, Oregon.
o / A
PP is a compressional wave that bounced off the surface midway between the
earthquake and the recording station. PP is a prominent arrival on this seismogram.
if / AT

S waves are shear waves that follow the same path through the mantle as P waves.
S waves took 24 minutes and 59 seconds to travel from the earthquake to Bend.

Surface waves traveled the 10849 km (6742 miles) along the
perimeter of the Earth from the earthquake to the recording station.
The surface wave began to arrive in Bend 52 minutes after the
earthquake occurred north of New Zealand.

DODS 0D  DOAS 002D 0025 DOAD 003 00A0  00AS  DOSD  DOSS  DID0 0I5 DLID
T (Mot
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Relevant Animation:
Travel Time Curves: How they are created https://www.iris.edu/hq/inclass/animation/traveltime_curves_how_they_are_created
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Teachable Moments

The record of the M7.4 earthquake in Bend, Oregon (BNOR) is shown below.

110- Bend is 9996 km (6212 miles, 90.2° ) from the location of this earthquake.
p PP S Surface Waves
100
gl '”'“H
50 . .| IIiH“H”” ' |
m_
5“" Following the earthquake, it took 12 minutes and 59 seconds for the compressional
P waves to travel a curved path through the mantle to Bend, Oregon.
d Jf S S
PP is a compressional wave that bounced off the surface midway between the
=th earthquake and the recording station. PP is a prominent arrival on this seismogram.
e e
= S waves are shear waves that follow the same path through the mantle as P waves.
2 S waves took 23 minutes and 52 seconds to travel from the earthquake to Bend.
n Surface waves traveled the 9996 km (6212 miles) along the
perimeter of the Earth from the earthquake to the recording station.
"~ The surface wave began to arrive in Bend 48 minutes after the
earthquake occurred in the Kermadec Trench.

DOSID D020 003D DO O3S0 D10 DL:1D
Tinw (Minuies)
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Relevant Animation:
Travel Time Curves: How they are created https://www.iris.edu/hq/inclass/animation/traveltime_curves_how_they_are_created
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Teachable Moments The record of the M8.1 earthquake in Bend, Oregon (BNOR) is shown below.
Bend is 9974 km (6198 miles, 90° ) from the location of this earthquake.

ol P PP S SS Surface Waves

|"

| |

WA LA
* il i
- /
] Following the earthquake, it took 12 minutes and 58 seconds for the compressional
P waves to travel a curved path through the mantle to Bend, Oregon.
f f / e -
%= PP is a compressional wave that bounced off the surface midway between the
5 earthquake and the recording station. PP is a prominent arrival on this seismogram.

30 fd ! / A

S waves are shear waves that follow the same path through the mantle as P waves.

s S Waves took 23 minutes and 50 seconds to travel from the earthquake to Bend.
LS A

SS is a shear wave that bounced off the surface midway

between the earthquake and the recording station.
-

Surface waves traveled the 9974 km (6198 miles) along the
perimeter of the Earth from the earthquake to the recording station.
The surface wave began to arrive in Bend 43 minutes after the
earthquake occurred in the Kermadec Trench.

25 b A5 o  a2s A0 a5 A0 A5 S A
Time (Mioute)
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Relevant Animation:
Travel Time Curves: How they are created https://www.iris.edu/hq/inclass/animation/traveltime_curves_how_they_are_created


Teachable Moments are a service of

The Incorporated Research Institutions for Seismology
Education & Public Outreach
and
The University of Portland

Please send feedback to tkb@iris.edu

To receive automatic notifications of new Teachable Moments
subscribe at www.iris.edu/hg/retm
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of Portland

www.iris.edu/earthquake
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