The Kona Earthquake of August 21, 1951,
and Its Aftershocks'
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INTRODUCTION

AT THREE MINUTES before one o’clock on
the morning of August 21, 1951, the south-
western part of the island of Hawaii was
shaken by the strongest earthquake recorded
there since 1868. The earthquake of August
21 was felt strongly all over the island of
Hawaii, weakly on the island of Maui, and
in Honolulu, 180 miles-away from its origin.
Extensive damage resulted in the central Kona
district, and lesser damage extended all the
way to Naalehu, about 38 miles from the
epicenter. The major earthquake was followed
by a large number of aftershocks which,
although they did little damage, kept the
populace of Kona uneasy for several weeks.
A detailed study of the earthquake was
immediately undertaken by the staff of the
Hawaiian Volcano Observatory. No sharp
division of labors existed, but for the most
part Macdonald was responsible for the gen-
eral and instrumental phases of the investi-
gation and Wentworth for the detailed studies
of damage, such as that affecting water tanks,
stone walls, and gravestones.
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thanks. Special thanks are due Howard M.
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Tatsuno, seismograph operator at Konawaena
High School near the epicentral area; Sister
Mary Thecla, seismograph operator at St.
Joseph’s School in Hilo; Mrs. Alfred E.
Hansen at Naalehu, Allan P. Johnston of
Kapapala, and Nancy R. Wallace of Keala-
kekua, who contributed descriptive reports
of many of the aftershocks. Roland E. White,
of the Honolulu Magnetic Observatory, U.
S. Coast and Geodetic Survey, kindly sent
copies of the seismograms of the major earth-
quake as recorded at Barbers Point, on Oahu.
Commander C. A. George, of the Coast and
Geodetic Survey, supplied copies of the tide
gauge records from Honolulu and Hilo hat-
bors, showing the small tsunami that followed
the earthquake. Many persons supplied in-
formation on damaged water tanks. Among
these Mark Sutherland, Principal of Kona-
waena School, John Iwane, Extension Service,
University of Hawaii, and Masuoka Nagali,
of Captain Cook Coffee Company, were es-
pecially helpful.

NARRATIVE

Most residents of the island of Hawaii
were in bed when the earthquake struck.
Nearly everyone in the Kona and Kau dis-
tricts was awakened, and most people rushed
outdoors. Persons in the area near the epicen-
ter reported that the initial movement was
largely up and down, with some swaying in
an east-west direction, increasing in intensity
and giving way to what appeared to be a
vortical motion. Noise during the earthquake
was intense as doors and windows rattled,
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dishes and furniture toppled to the floor,
water tanks collapsed, and rocks rolled down
from stone walls and banks. A few persons
who were awake at the time the earthquake
occurred reported that the quake was imme-
diately preceded by a dull roar seeming to
come from the ground. Shaking is reported
to have been nearly continuous for an hour
or more after the major shock.

Macdonald was driving through Naalehu,
36 miles from the epicenter, when the earth-
quake occurred. The car swerved violently,
as though it had struck a mudhole. Imme-
diately afterward branches started to snap
from trees overhead and fall on the pavement.

Within a matter of moments several houses,
churches, and a school building were badly
damaged, many other houses slightly dam-
aged, about 200 water tanks destroyed, many
miles of stone wall thrown down, roads
partly blocked by rock slides, road pavement
and shoulders badly cracked, cemeteries dam-
aged, telephone communication and electric
power supplies disrupted. Fortunately, only
two persons were injured, and they not seri-
ously.

Damage extended for more than 50 miles
along the highway that encircles the island,
from Holualoa on the north to Honuapo on
the southeast. Damage was greatest along
the 10-mile stretch from the village of Cap-
tain Cook to Hookena (Fig. 1), but as far
away as Naalehu many dishes were thrown
to the floor in homes, groceries and liquor
bottles thrown from shelves in stores, and
one house was shifted several inches on its
foundations. A few objects were toppled from
shelves, pavements were cracked, and numer-
ous landslides started in the vicinity of Ki-
lauea Caldera, 45 miles from the epicenter.

At Napoopoo the ocean was observed

withdrawing from shore, and most of the"

inhabitants of the village were hurriedly evac-
uated to higher ground until the possibility
of a destructive tsunami was past.

Two small fires broke out. One was at
Kaimalino, 0.3 mile south of Kealia, where
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kerosene, spilled in a kerosene-powered re-
frigerator, caught fire. The other was in
Naalehu, where the earthquake upset a kero-
sene lamp. Both fires were quickly extin-
guished.

Bright flashes of white light at the time
of the major earthquake were reported by
persons at Naalehu and Pahala. These persons
believe the flashes were not the result of
electrical short circuits. Peculiar lights have
occasionally been reported during other
strong earthquakes.

During the night of August 21-22 persons
in the central Kona area reported a distinct
odor of hydrogen sulfide, apparently occur-
ring in intermittent waves. The source of this
odor is not known. No increase of fuming
was observed at the vents of the 1950 erup-
tion on the southwest rift of Mauna Loa.

Aftershocks in great number followed the
major earthquake. The seismograph at Kona-
waena School was badly damaged by the
first quake, so the total number of after-
shocks will never be known. However, Mrs.
H. Masuhara, at Keei, counted 109 felt earth-
quakes between the principal shock and nine
o’clock the next morning. The Konawaena
seismograph was repaired and restored to
operation at 15:15 on August 23. It recorded
90 earthquakes during the next 24 hours and
494 earthquakes up to midnight on August
31. Most of these, of course, were too small
to be felt, even close to the epicenter. Strong
aftershocks occurred at 01:28, 09:56, 10:12,
18:32, and 22:48 (Hawaiian Standard time)
on August 21, and at 17:15 on August 22.
Only slightly less strong were those at 02:14
and 06:28 on August 22. Because of con-
tinued earthquakes, graduation ceremonies at
Konawaena School on August 22 were held
outdoors instead of in the auditorium.

INSTRUMENTAL DATA

The major earthquake dismantled all seis-
mographs on the island of Hawaii. All but
the Bosch-Omori seismograph in the Whitney
Laboratory on the northeast rim of Kilauea
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FiG. 1. Map of the central Kona district showing the location of places mentioned in the text and the approx-
imate locations of the epicenters of the major earthquake of August 21, 1951, and of the aftershocks for which
reasonably good locations were obtained. The inset map of the island of Hawaii shows the location of the area
(shaded) covered by the other map and the approximate position of the isoseismal lines for the major earthquake.

Caldera were dismantled by the preliminary
waves. Precise time control and, consequent-
ly, the precise time of arrival of the first waves
are lacking on the Kona and Hilo instruments.
As a result, instrumental data are inadequate
for the close location of the focus of the
earthquake. The duration of the preliminary

waves on the north-south component of the
Bosch-Omori instrument was 9.5 seconds,
corresponding with a distance of approxi-
mately 47 miles from the Whitney Laboratory
to the origin of the quake.

John C. Forbes, instrument maker at the
Volcano Observatory, repaired the minor
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damage to the Bosch-Omori seismograph
and put it back in operation at 01:24, 27
minutes after the first earthquake started.
At that time the instrument was recording the
long waves of a large earthquake. The period
of these waves ranged from about 6 to 8
seconds and averaged approximately 6.7 sec-
onds. Their maximum double amplitude was
67 millimeters, corresponding to a theoretical
ground displacement of approximately 0.5
millimeter. These waves continued with
gradually decreasing amplitude until 03:20.
Because no other earthquake at an appropri-
ate time was observed by more distant sta-
tions, it is believed that these long-period
waves were the surface waves of the major
Kona earthquake.

The time of origin of the major earthquake
is given in the notice of preliminary deter-
mination of epicenter issued by the U. S.
Coast and Geodetic Survey as 00"56™57.5°
Hawaiian Standard time (10"56™57.5% Green-
wich Civil time). The time of beginning of
registration of the preliminary waves at the

Whitney Laboratory at Kilauea was 00"57™

09.5° Hawaiian Standard time.

The direction of the first ground movement
at Kilauea Caldera was east-southeast and up,
that at the Mauna Loa station was east-
northeast, and that at the Kealakekua station
was east-northeast. At the Kealakekua station
the north-south component was only slightly
damaged, but on the east-west component
the suspensions were broken and the weight
dropped on the floor 2 feet west of the pier.

The Kona seismograph, at Konawaena
School (Fig. 1), was restored to operation
at 15:15 on August 23. Previous to that time,
location of the points of origin of the after-
shocks on an instrumental basis was uncer-
tain because of the very short base of the
triangle formed by the intersection of lines
from the earthquake foci to the other stations.
Earthquakes after that time are fairly well
located because of the control given by the
Kealakekua seismograph. Most of these were
located by means of data from four stations:
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Kealakekua, Mauna Loa, Hilo, and Whitney
(Kilauea).

Locations of the epicenters of aftershocks
which occurred after 15:15 on August 23
with serial number greater than 190 are shown
in Figure 1. Thircty-three such aftershocks
have been located with small probable error.
Most of them fall on or close to a fault that
runs out to sea in a west-northwesterly di-
rection along the northern edge of Kealake-
kua Bay. The existence of this fault, partly
buried by later lava flows, has been recognized
for many years (Dana, 1890: 30; Stearns and
Macdonald, 1946: 37, pl. 1). At its eastern
end it bends southward, and the writers have
suspected that the abnormally steep lower
western slope of Mauna Loa inland from the
highway for 15 miles or more south of Cap-
tain Cook is a fault scarp deeply buried by
later lava flows. An interesting partial con-
firmation of this theory is furnished by the
location of the epicenters of several after-
shocks along this line (Fig. 1).

The frequency of aftershocks decreased
rapidly from August 23 to September 4. As
is shown in Figure 2, the average frequency
then decreased very slowly until the end of
September. No figure is available for Sep-
tember 7 because of mechanical failure in the
recorder at the Kealakekua station. The ap-
parent depth of origin of the aftershocks
ranged from 3 to 12 miles, most being about
6 or 7 miles. No progressive change of depth
with passage of time is apparent. \
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the end of September, 1951.
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Altogether, from the time it was put back
in operation until the end of August, the
Kealakekua seismograph recorded 494 earth-
quakes, and until the end of September 965
earthquakes. Nearly all of these are regarded
as aftershocks of the big earthquake of
August 21. Most were too small and shallow-
seated to be recorded at the other stations,
hence their foci could not be closely located.
It appears certain, however, that most orig-
- inated along the Kealakekua fault at the
northern edge of the Kealakekua embayment.

EFFECTS OF THE EARTHQUAKE

Description of Terrane

The epicentral area lies on the western
slope of Mauna Loa, a few miles south of
the surficial boundary between Mauna Loa
and Hualalai Volcanoes. Itis transversed from
north to south at altitudes of 1,000 to 1,300
feet above sea level by the main highway,
from which roads lead tothe shore at Na-
poopoo, Honaunau, Hookena, and Milolii
(Fig. 1). In the vicinity of the highway the
average slope of the land surface is about
10 degrees, which is several degrees steeper
than the average for Mauna Loa slopes in
general. Above an altitude of 5,000 feet the
average slope decreases to about 7 degrees.
The steepness of the lower part of the slope
is believed to result from an ancient fault
scarp deeply buried by more recent lava
flows.

In the area within 6 miles south of Na-
poopoo the steep zone is narrower and more
sharply defined than farther south, and west
of it the slope again flattens toward the sea.
Three miles east-southeast of Napoopoo the
steep zone turns sharply northwestward and
becomes even steeper, taking on the unmis-
takable characteristics of a fault scarp mantled
by more recent lava flows. This scarp forms
the northern boundary of Kealakekua Bay,
and there the older lava beds in the scarp are
not mantled by later flows.

The steep seaward slope results in a dis-
tinct asymmetry of the terrane, which asym-
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metry of necessity extends to nearly all
structures on the terrane. Buildings rest on
foundations that are high on one side and
low on the other. Roads in many places rest
on a cut on one side and fill on the other,
or on a fill which is shallow on one side and
deep on the other. Stone walls parallel to the
coast have one sloping side shorter than the
other. All of this results in a lesser degree
of stability than in structures built on level
terranes, and in a favored direction of un-
stability. Partly because of the higher foun-
dations and deeper fills on the seaward side
and partly because of the continuous effect
of gravity, structures tended to move down-
hill during the earthquake regardless of the
direction of the actual shaking. This effect
must be considered in using the direction of
displacement of objects as a means of locating
the epicenter.

Rock Slides

Many small rock slides in highway cuts
were caused by the earthquake. Most of them
came from cuts on the inland side of the
highway, probably largely because the cuts
were higher on that side. Most of the slides
were small, bringing down blocks less than
2 feet across. These caused little damage and
were easily removed. A few larger slides
brought down large blocks weighing several
tons, the removal of which required the use
of bulldozers or other heavy equipment. The
large slide farthest from the epicenter oc-
curred at a high roadcut just west of Honua-
po, 40 miles from the epicenter. Small slides
and rock falls in road cuts extended all the
way to Kilauea Caldera, 44 miles from the
epicenter. Many small rock avalanches took
place in Halemaumau Crater during and for
several days after the earthquake.

A large part of the damage to road cuts
did not, strictly speaking, result from sliding
of the materials. Most of .it was merely a
fraying of the banks by the rolling down of
loose or semiloose material. Few of the high-
way cuts exceeded 5 feet in height, and few
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were dressed back to any approximation to
an equilibrium slope. The earthquake of
August 21 greatly exceeded in size any previ-
ous quake in the affected area since the road
cuts were made, and' shaking during the
earthquake merely dislodged much of the
loose material and allowed it to roll down
onto the road.

The distribution of abundance of rock
slides in road cuts is shown in Figure 3, in
which it is represented by the portion of the
columns labeled “bank caving.” Like the
other damage shown in the graph, it was
greatest in the immediate vicinity of the
Kealakekua fault, inland from and a little
south of Kealakekua Bay.

Many large slides took place on the fault
scarp at the northern edge of Kealakekua Bay.
The slides caused a disturbance of the water
of the bay just after the earthquake, and many
residents of the coastal village of Napoopoo
fled inland, fearing a big tsunami. Slides
continued on the Kealakekua cliff for several
days after the earthquake, sending up clouds
of yellowish-brown dust, leaving fresh scars
on the dliff face, and building talus fans at
the foot of the cliff.

Less numerous and smaller slides also oc-
curred along the cliff just inland from the
village of Hookena Beach. The cliff at Hoo-
kena is believed to be an ancient fault scarp,
mantled by lava flows from the upper slopes
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of Mauna Loa during prehistoric times. Many
fragments of the lava veneer were shaken
down during the earthquake.

Tsunami

Despite early reports to the contrary, there
is no doubt that the earthquake was accom-
panied by a small tsunami, or “‘tidal wave.”
At Napoopoo wharf the water was observed
to withdraw from shore. The tide was low
at the time. Withdrawal of the water lowered
the level to about 4 feet below normal low-
tide level. Immediately afterward the water
returned shoreward, and the level rose about
2 feet above low-tide level.

At Milolii, Eugene Kaupiko reported that
a few minutes after the earthquake, which
he felt while in a canoe anchored offshore,
the water receded from shore, revealing the
sea bottom as far out as the edge of the
wharf. This represents a lowering of the water
level of about 3 feet. After the withdrawal the
water returned shoreward, causing a rise of
the water level 3 or 4 feet above normal low
water and floating away a canoe that had
been drawn up on the beach about 2.5 feet
above high-tide level. One large fall and rise
of the water level appears to have been fol-
lowed by many small oscillations.

At Honaunau, between Napoopoo and
Milolii, Eli Cooper, caretaker of the City of
Refuge, went down to the water’s edge a few
minutes after the earthquake. At that time
he could see no signs of disturbance of the
water, but a small tsunami could have oc-
curred between the time of the earthquake
and his arrival at the strand. At Hookena no
tsunami was observed, and there was none
large enough to flood the floor of the dock,
about 4 feet above normal water level. How-
ever, it cannot be said definitely that no small
tsunami occurred there.

The Honolulu tide gauge record shows a
distinct oscillatory disturbance of the water
starting at approximately 01:35, about 38
minutes after the earthquake. Seven or more
oscillations are detectable, with an average











































