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Earthquake hazard zones, used mainly for building codes
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The most numerous
Hawai‘i earthquakes are
caused by propagating
dikes in rift zones. But
they are very small.




Bigger, more serious Hawai‘i earthquakes occur when the south flank of Kilauea and the
southeast or southwest flanks of Mauna Loa slide seaward due to accumulated strain
caused by dikes intruding down rift zones.

Examples:

1868 Ka‘l (M > 87?)
1951 Kona (M = 6.9)
1975 Kalapana (M =7.2)



An account of the 1868 Ka'l earthquake

“About ten o’clock A.M. on the 28" (Saturday), a series of
earthquakes began...From this time until the 10" of April the earth
was in an almost constant tremor. In the district of Kona as many
as fifty or sixty distinct shocks were counted in one day; in Kau
over three hundred in the same time; while near Kilauea and
about Kapapala it was difficult to count them...The culminating
shock came on Thursday, April 2"d, at twenty minutes before four
In the afternoon. Every stone wall, almost every house, in Kau
was overturned, and the whole was done in an instant. A
gentleman riding found his horse lying flat underhim before he
could think of the cause, and persons were thrown to the ground
In an equally unexpected manner...

-Brigham (1909) The Volcanoes of Kilauea and Mauna Loa on the
Island of Hawaii, Bishop Museum Press.




The third major type of Hawai‘i earthquake occurs as the lithosphere flexes under the
Weight of the islands. The 2006 Kiholo Bay earthquake (M 6.9) was one of these.

Slide by Carolina Anchieta and Cecily Wolfe



Displacements associated with the 1975 M 7.2 Kalapana earthquake




Subsidence associated with the 1975 Kalapana earthquake
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Troop 77, heading out for Halap€, November 27, 1975
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http://www.tsunami.org/archives1975.html



GRAHAM SALISBURY

Senior patrol leader of his Hilo, Hawaii, scout troop, eighth-
grader Dylan looks forward to camping on the coastinthe % - |
shadow of a volcano. But when he hears that Louie, a tough, /| L% B\ I BG
troubled kid, will be joining the scouts on the trip, Dylan IB(9 (5
remembers when their paths crossed once before, and his
anticipation turns to dread. Dylan's sense of foreboding is
justified tenfold. After a difficult trek to their campsite, an
earthquake jolts the ground and shakes boulders down from
the cliff. Then a tsunami engulfs the area. Even in the midst
of disaster, Dylan finds that support can come from
unexpected directions. A strong sense of place informs the
plot as well as the setting of this convincing story. In an
unusually compelling author's note, Salisbury writes of camping on the site of the 1975
natural disaster at Halape with his cousin, who lived through it as a Boy Scout. Inspired
by that earthquake and tsunami, this vivid adventure soon strips away every vestige of
normality, leaving characters dependent on their wits, their skills, and the mysterious
spirits of land and sea for their survival. Salisbury weaves Hawaiian legend into the
modern-day narrative to create a haunting, unusual novel that will practically booktalk
itself.--Phelan, Carolyn Copyright 2007 Booklist

http://syndetics.com/index.php?isbn=0385731221/blreview.html&client=pricp&type=rn12



Halapé before the 1975 earthquake

http://hvo.wr.usgs.gov/earthquakes/destruct/1975Nov29/30424303 005 L.jpg



after the 1975 earthquake
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after the 1975 earthquake
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Photograph by P.W. Lipman on December 2, 1975 (3 days after the earthquake
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Photograph of dead coconut trees at Halapég, Jan. 1979, ~3 years after the earthquake




1975HawaiiTsuGenAreal.
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1975 Tsunami wave-fronts (modeled) main Hawaiian islands

http://www.drgeorgepc.com/tsul975Hawaii TTTAIljpg



Tide gauge record from Hilo, recording the arrival of the 1975 tsunami
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Tide gauge record from Nawiliwili, recording the arrival of the 1975 tsunami
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Small, short-lived eruption in Kilauea caldera following the Kalapana earthquake




The October 15, 2006 Kiholo Bay and Hawi earthquakes
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From: Reconnaissance Following the October 15th, 2006 Earthquakes on the Island of Hawai'i
By lan Robertson, Peter Nicholson, Horst Brandes (UH Manoa School of Engineering)




The Kiholo Bay
earthquake was a
large, deep mantle
earthquake. Past large
historic earthquakes of
this type likely

included 1871 Lanai,
1938 Maui, and 1929
Hualalai. The 1973 M
6.2 Honomu
earthquake also
occurred at 40 km
depth.

Slide by Carolina Anchieta and Cecily Wolfe
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Seismic record from HVO, showing the 2006
Kiholo Bay earthquake
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[Watts and Ten Brink, 1989]
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Slide by Carolina Anchieta and Cecily Wolfe



USGS “Shake map”, showing peak ground acceleration
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From: 2006 Kiholo Bay, Hawaii Earthquake, RMS Event Report Risk Management Solutions



USGS Community Internet Intensity Map (10 miles NNW of Kailua Kona, Hawall, Hawai)
“Did you feel it?” ID:twbh_0E 07:07:48 HST OCT 15 2006 Mag=F.7 Latitude=N19 88 Longitude=W155 94

2900 responses in 82 ZIF areas. Max intensity: V|

157°W
Map last updated on Sun Cet 22 19.52:10 2006
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Ground accelerations recorded at Waimea Fire Station during the Mw 6.7 Kiholo
Bay (top) and Mw 6.0 Hawi (bottom) earthquakes. Note: gravitational acceleration
(i.e., the force of gravity that we feel) is 980 cm s (red lines).

USGS Sta. Mo. 2825: Waimea Fire Station, 90 Degrees
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From: Reconnaissance Following the October 15th, 2006 Earthquakes on the Island of Hawai'i
By lan Robertson, Peter Nicholson, Horst Brandes (UH Manoa School of Engineering)






Mauna Kea Beach hotel

From: Reconnaissance Following the October 15th, 2006 Earthquakes on the Island of Hawai'i
By lan Robertson, Peter Nicholson, Horst Brandes (UH Manoa School of Engineering)
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Typical timber framed
residence at Pololi
Valley Lookout on
pier-and-beam
construction
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From: Reconnaissance Following the October 15th, 2006 Earthquakes on the Island of Hawai'i
by lan Robertson, Peter Nicholson, Horst Brandes (UH Manoa School of Engineering)




Shear failure of bolts securing girt to corner column
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From: Reconnaissance Following the October 15th, 2006 Earthquakes on the Island of Hawai'i
by lan Robertson, Peter Nicholson, Horst Brandes (UH Manoa School of Engineering)




Example of discontinuous geology where dense ‘a‘a core overlies weaker
and less stable clinker
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From: Reconnaissance Following the October 15th, 2006 Earthquakes on the Island of Hawai'i
by lan Robertson, Peter Nicholson, Horst Brandes (UH Manoa School of Engineering)




Rockslides from pali near Waipi‘o Valley lookout, shortly after (during?) Kiholo Bay EQ

Hilo Tribune Herald



Collapse of un-mortared and unreinforced retaining wall in Honoka‘a




Generation of a tsunami by a subduction zone earthquake

Tsunami
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Stuck area ruptures,
releasing energy
in an earthquake

http://pubs.usgs.gov/circ/c1187/
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THE TSUNAMI OF APRIL 1, 1946, IN THE
HAWAIIAN ISLANDS

‘BY
G. A. MACDONALD
U. 8. Geological Suroty
F. P. SHEPARD
Seripps Institution of Ocearography
and
D. C. COX

Hawarian Sugar Planters’ Assaciation

FROM THE SMITHSONIAN REPORT FOR 1947, PAGES 257-280

(PusricaTion 3929)

SMITHSONIAN INSTITUTION
WASHINGTON
D.C




Tsunami run-up (in feet) during the 1946 tsunami
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Tsunami run-up (in feet) during the 1946 tsunami
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Tsunami run-up (in feet) during the 1946 tsunami
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Tsunami wave (a bore) advancing up the Wailua river, 1946. Note that one span of
the bridge had been destroyed by an earlier wave.
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Laupahoehoe point prior to the 1946 tsunami
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Map 1: Waikiki
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Map 4: Hanauma Bay to Makapuu A
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Honolulu City & County Dept. of
Emergency Management website:
http://www.honolulu.gov/dem/

Department of
Emergency Management
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» CLICK HERE for the NEW 2010 Tsunami
Evacuation Maps




Map 5: Makapuu to Waimanalo THE OLD MAP
http://www.pdc.org/Disasterinfo/Shelters/CDmaps/Oahu/Oahu-map05.gif
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In the open ocean, a tsunami travels at a speed of over 700 km/hr (~440 mph) and the wave
moves the ocean water all the way to the sea floor. This “shallow water” behavior means
that the velocity and projected wave heights of a tsunami can be calculated using a map of
ocean depth.

The map on the right is from
NOAA’'s West Coast and
Alaskan Tsunami Warning
Center. This map shows the
predicted amplitudes of the
tsunami produced by the
M8.8 Chilean earthquake.
Since tsunamis have such
large wavelengths, they
“experience” the ocean as
shallow water. This makes
tsunamis nondispersive and
allows them to propagate
without dispersion or
significant loss of energy
across entire ocean basins.




In Hawaii, the state Department of
Transportation is urging all shipping _
agents and shipping companies to * Tide Gage
get their ships out of port this B AT
morning. Hawaii has been put on
alert to expect its largest waves
since 1964.

In Hawaii, the tsunami warning
alarms sounded at 6 am, giving
residents 5 hours to evacuate to
higher ground by the expected ~11
am arrival of tsunami waves.

Tsunami waves are likely to hit
Asian, New Zealand, and
Australian shores in the next 24
hours. Alaska and the U.S. West
Coast, including California, are also
under warning. The warning means
there may be strong currents, but
that widespread inundation is not EEXRY 2010 Feb 27 160550 uTC
expected to occur.

Earthquake | ~‘



Tsunami Model for Chilean
earthquake - Earthquake
Research Institute, Tokyo

Animation model of the Tsunami
propagation across the Pacific.

Tsunamis generated in Chile are
a concern in the Pacific.

This earthquake originated about
230 km north of the source region
of the magnitude 9.5 earthquake
of May, 1960 the largest
instrumentally recorded
earthquake in the world.

This magnitude 9.5 earthquake
killed 1655 people in southern
Chile and unleashed a tsunami
that crossed the Pacific, killing 61
people in Hawaii, Japan, and the
Philippines.

MAULE, CHILE

34:17 UTC

0 hour 10 min

B0
“lj o " . g
] 1 /L I
R J
20" ,. e “\
I ;‘% S
0 % d) . '
. LA
=207+ w' o .
=y Y f :
_Bn" ! | ' ! 1 ' ! I ! N I ! ! | N ! I ' !
120° 160° 180" -150° -120° -a0° -BC
-0.05 004 003 002 -001 000 001 002 003 004 00
Water height {mj

Earthquake Research Institute, Tokyo


http://outreach.eri.u-tokyo.ac.jp/wordpress/wp-content/uploads/2010/02/ChileTsunami_1.gif

YOU TUBE!

Coconut Island, Hilo

Wailuku river, Hilo

Sand/rock bar, Hilo

Manele, Lana‘i

...totally unrelated, the famous Greenland iceberg “tsunami”

...and another one...


http://www.youtube.com/watch?v=4Bqfg3fsAcQ
http://www.youtube.com/watch#playnext=1&playnext_from=TL&videos=NS-5i_VoHX8&v=_-PwY9elaqg
http://www.youtube.com/watch#playnext=1&playnext_from=TL&videos=p83fhtWHwTg&v=hGP7a_uoZP8
http://www.youtube.com/watch#playnext=1&playnext_from=TL&videos=NS-5i_VoHX8&v=-V6rBc9f97w
http://www.youtube.com/watch#playnext=1&playnext_from=TL&videos=NT4HIqtyfYw&v=_2NvwlnKVtU
http://www.youtube.com/watch#playnext=1&playnext_from=TL&videos=50lpkZftQEM&v=Uo0DybcqsEo

