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Earthquake and Related Catastrophic Events
Island of Hawaii, November 29, 1975:
A preliminary report

By Robert I. Tilling, Robert Y. Koyanagi,
Peter W. Lipman, John P. Lockwood, James G. Moore,
and Donald W. Swanson

ABSTRACT

The largest earthquake in over a century—magnitude 7.2
on the Richter Scale—struck Hawaii the morning of
November 29, 1975, at 0448. It was centered about 5 km be-
neath the Kalapana area on the southeastern coast of the
island (lat 19°20.1’ N., long 155°01.4' W.). The earthquake
was preceded by numerous foreshocks, the largest of which
was a 5.7-magnitude jolt at 0336 the same morning, and was
accompanied, or closely followed, by a tsunami (seismic sea
wave), massive ground movements, hundreds of aftershocks,
and a volcanic eruption.

The tsunami reached a height of 12.2-14.6 m above sea level
on the southeastern coast about 25 km west of the earthquake
center, elsewhere generally 8 m or less. The south flank of
Kilauea Volcano, which forms the southeastern part of the
island, was deformed by dislocations along old and new faults
along a 25-km long zone. Downward and seaward fault dis-
placements resulted in widespread subsidence, locally as
much as 3.5 m, leaving coconut palms standing in the sea and
nearly submerging a small, near-shore island. A brief, small-
volume volcanic eruption, triggered by the earthquake and
associated ground movements occurred at Kilauea’s summit
about three-quarters of an hour later. The earthquake, to-
gether with the tsunami it generated, locally caused severe
property damage in the southeastern part of the island; the
tsunami also caused two deaths. Damage from the earthquake
and related catastrophic events is estimated by the Hawaii
Civil Defense Agency at about $4.1 million.

The 1975 Kalapana earthquake and accompanying events
represent the latest events in a recurring pattern of behavior
for Kilauea. A large earthquake of about the same magnitude,
tsunami, subsidence, and eruption occurred at Kilauea in
1868, and a less powerful earthquake and similar related
processes are believed to have occurred in 1823. Indeed, the
geologic evidence suggests that such events have been re-
peated many times in Kilauea’s past and will continue. The
1975 events serve as a critical, though tragic, reminder of the
dynamic nature of the volcano and point up the need for care-
ful land-use planning and adequate building codes to
minimize damage and loss of life from similar events in the
future.

Detailed scientific study of the cause and effects of the
November 29, 1975, event will take many months. This report
summarizes information available in February 1976.

NARRATIVE

At 0336! on Saturday, November 29, 1975, a
sharp earthquake, foreshock to the largest in over
a century, woke most residents on the island of
Hawaii, including 32 people camped near the
beach at Halape, a coconut palm grove on the
southeastern coast (fig. 1). This quake, 5.7 on the
Richter Scale, was centered about 8 km beneath
the south flank of Kilauea Volcano, approxi-
mately 5 km inland of Kamoamoa (fig. 1).2 In the
dim predawn light, the campers at Halape near
the base of 320 m-high Puu Kapukapu (Forbidden
Hill) saw dust clouds rising from rockfalls that
the earthquake sent crashing down its steep face.
Instinctively, some of the campers moved their
sleeping bags away from the area of the falling
rocks, closer to the beach. One young boy told his
father that he felt something bad was going to
happen and that he wanted to leave. He was reas-
sured, and most of the campers went back to
sleep.

About an hour later, at 0448, a second, much
stronger, earthquake struck the island. Unlike
the earlier one, this quake, centered about 5 km
beneath Kilauea’s south flank near Kamoamoa,
did not quickly subside in intensity. The violent
ground shaking caused electrical power outages
in many parts of the island, and seismographs at
the Hawaiian Volcano Observatory went off
scale. Scientists at more distant locations, as at
stations in North America, Japan, and New Zea-
land, where seismographs did not go off scale,
later calculated a Richter magnitude of 7.2. The

'All times Hawaiian standard time (H.s.t.) unless otherwise noted.
2All measurements given in metric units.



last previous earthquake of similar magnitude
occurred in 1868.

At Halape, about 25 km west of the epicenter,
the campers were able to stand during initial
periods of the violent shaking but were soon
thrown to the ground if they did not cling to trees
or large rocks for support. A deafening roar rose
from Puu Kapukapu as numerous rockfalls rum-
bled down its south cliff face. Many campers,
frightened by the noise, moved still closer to the
beach, away from the falling rocks. Some thought
about the possibility of a tsunami and ran toward

the beach to check the sea. Their flashlights
shone on a slowly but noticeably rising sea.
Within a minute or so, sea level began to rise
faster, causing the campers to run back toward
the rockfalls at the base of Puu Kapukapu. The
rising water, now a breaking, surging wave,
knocked many of the campers off their feet,
briefly submerging some as they fled for higher
ground. They had barely time to catch their
breath before a second wave struck, far more tur-
bulent and higher than the first, carrying every
loose object in its path as far as 100 m inland.

——
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Fi1GURE 1.—Index map of the island of Hawaii showing the location of the Hawaiian Volcano Observatory (HVO) and other
places on the island affected by the events of November 29, 1975.
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Trees, debris from the Halape shelters, rocks,
horses, and people were washed into a large, pre-
existing crack in the ground, 5-7 m deep and 10 m
or more wide, churned by the surging wave. One
survivor said he felt like he was “inside a washing
machine.” Several smaller waves repeatedly
washed over the exhausted victims stranded in
the crack. One person was drowned or battered to
death during the terrifying ordeal; another was
swept out to sea and is presumed dead. Nineteen
people were injured at Halape; seven required
hospitalization. Four of ten horses were lost.

The large waves that wreaked havoc at Halape
were caused by sudden nearby earth movements.
These waves reached Halape within 30 seconds
after the strongest shaking had ended, spreading
outward from their source at speeds of several
hundred kilometers per hour.

At Punaluu (fig. 1), 30 km southwest of Halape,
the disastrous quake woke the several families
camped near the beach and others sleeping in
nearby houses, but few suspected that a tsunami
was moving swiftly toward them. Sea level began
rising rapidly within a few minutes after the
earthquake, forcing campers and residents to
wade quickly to higher ground. The largest wave
arrived about 10 minutes later, destroying seven
homes and two vehicles and causing interior dam-
age of nearly $1 million as it swept through a
large beachfront restaurant and gift shop; the
structures remained standing. No injuries were
reported. Farther southwest, at Honuapo, the
spreading tsunami damaged a fishing pier, de-
stroyed park facilities and a warehouse, then con-
tinued to Kaalualu Bay, 21 km southwest of
Punaluu, where it damaged vehicles, ravaged a
campsite, and badly frightened seven campers.

In Hilo (fig. 1), the main population center on
the island, the major earthquake toppled some
chimneys, damaged structures, shattered win-
dows, and shook merchandise from shelves. Civil
Defense authorities sounded a tsunami watch,
and much of the low-lying coastal area was
evacuated. At about 0510, when the water level
dropped with the recession of the first tsunami,
crew members of the U.S.S. Cape Small, a Coast
Guard cutter moored in Radio Bay in Hilo Har-
bor, watched their ship settle to the muddy bot-
tom and begin to list to one side. A series of waves
surged in and out of the bay at approximately
15-minute intervals, smashing some small boats
and washing others onto docks; four boats were

sunk and three damaged. One of the waves
washed a car from the pier into the harbor;
another threw a man from his boat onto the pier,
then washed him back into the water and onto his
boat as the wave receded.

At 0532 lava began to fountain from a 500-m-
long fissure on the floor of Kilauea Caldera and
continued to erupt sporadically until about 2200.
No injuries or property damage resulted from this
small eruption, but the earthquake and tsunami
had already taken a heavy toll in Hawaii.

THE EARTHQUAKE

Data from seismometers operated by the
Hawaiian Volcano Observatory (HVO) placed the
7.2-magnitude earthquake about 5 km west-
southwest of Kalapana on Hawaii’s southeastern
coast (lat 19°20.1' N., long 155°01.4'W.) at a
depth of about 5 km (fig. 2). The earthquake was
strong enough to be felt on the neighbor island of
Maui and on Oahu, more than 400 km from the
epicenter.

During and immediately after the earthquake,
intense bursts, glows, or flashes of white to blu-
ish light, lasting from a few seconds to about a
minute, were observed by a number of people, in-
cluding some of the campers at Halape. Such
“earthquake lights” have been observed before,
during, and after major earthquakes, mostly in
Japan and California. Although there is no gen-
erally accepted scientific explanation for their oc-
currence, earthquake lights apparently result
from earthquake-induced oscillations or distor-
tions of the atmosphere.

STRUCTURAL DAMAGE

The main earthquake caused structural dam-
age estimated at about $2.7 million. A prelimi-
nary survey conducted by various governmental
agencies showed minor to moderate damage to 5
churches (4 in Hilo, 1 in Opihikao), 11 commer-
cial buildings (10 in Hilo, 1 in Mountain View),
and 80 homes (51 in Hilo, 23 in Puna, 2 in
Hamakua, 3 in Ka’u, and 1 in Kona). Five poorly
constructed or old houses were reported com-
pletely demolished (4 in Hilo, 1 in Ka'u) (fig. 3).

All available sources of information were used
to estimate relative intensities of the November
29 earthquake in different parts of the island (ta-
ble 1). Earthquake intensity is defined in terms of
observed physical effects and damage related to
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Ficure 2.—Epicenters of the November 29, 1975, magnitude-7.2 earthquake, its largest foreshock (magnitude 5.7), and
selected larger aftershocks. The fault systems and rift zones are as shown in figure 1.

local ground shaking (table 2); it differs from
magnitude, which is calculated from data ob-
tained by seismic instruments. Earthquake-
intensity variations may be contoured to produce
isoseismal maps commonly used by seismologists
and civil engineers to assess patterns of earth-
quake damage and effects.

As much of Hawaii is unpopulated, direct ob-
servations of ground shaking and its effects are
not known for large areas; for this reason, the
intensity map for the main earthquake (fig. 4) is
based on irregularly distributed, statistically in-
adequate, data. Nonetheless, observations do
show most buildings within 20 km of the earth-
quake epicenter sustained no significant struc-
tural damage from the ground shaking, whereas
buildings in Hilo and at the summit region of
Kilauea Volecano, far from the epicenter, showed

extensive damage. The building at the Wahaula
Visitor Center of Hawaii Volcanoes National
Park, located almost directly at the earthquake
epicenter, was virtually undamaged. The appar-
ent offset of the zone of maximum damage (inten-
sity VII-VIII; fig. 4) from the epicentral region
poses an enigma for which there are no ready
solutions at present.

EARTHQUAKES PROBABLY RELATED
TO MAIN EARTHQUAKE

The general level of seismicity on the south
flank of Kilauea increased somewhat during the
month preceding the main earthquake (fig. 5),
and several of the larger (magnitude 4-5) shocks
were felt islandwide. A number of these earth-
quakes, which in hindsight may be called fore-
shocks, were located near the Kalapana area. The




TaBLE 1.—Intensities and description of damage from the magnitude 7.2 earthquake, November 29, 1975
[Intensities are based on the Modified Mercalli Scale, table 2]

District (towns, villages) Intensity
Hilo V-VIII
Puna (Volcano, Hawaii VII-VIII

Volcanoes National Park)

Puna (Kalapana)

(Kapoho)

(Kurtistown)

(Opihikao)

(Pahoa)

(Glenwood)

(Mountain View)

(Hawaiian Paradise Park)

(Black Sands Subdivision)

(Hawaiian Beaches)

Description of damage

Extensive damage in downtown area. Minor
cracks in road, water pipes, concrete walls
and floors, plaster. Minor cracks and floor-
to-wall separations a few millimeters wide
and bowing of the walls were observed in
steel-reinforced concrete structures at the
hospital, several schools, and libraries.
Some of these buildings 5 to 10 mm vertical
drops in some floor sections. Churches in
Hilo reported damage to a pipe organ, cracks
in hollow tile blocks, breaks in a swimming
pool, and water lines. Hotels, apartments,
and business buildings suffered structural
and equipment damage. Shelved items in
markets fell or tumbled over. Fifty-one
home owners in Hilo reported loss due to
broken water pipes, windows, plate glass,
water gutters; cracks in concrete walls and
steps; cupboards torn away from walls and
breakage of chinaware: collapse of stone
walls and fences; plumbing damage and
cesspool cave-ins; house and garage shifting
from foundation; doors and doorways dis-
torted; leaks in roofs; minor ground cracks,
chipping of ceramic tile floors; collapse of
stairways; cracking or crumbling of brick
fireplace chimneys.

Extensive ground cracking caused heavy road
damage in the National Park. On the
Crater Rim Road, damage was reported in
Waldron Ledge, Kilauea Military Camp,
Halemaumau, and Keanakakoi sections.
Damage was noted on the Chain of Craters,
Ainahou, and Hilina Pali Roads. A water
tank at the Youth Conservation Corps and
Kipuka Nene was damaged. Waterlines in
several areas broke. Fireplace chimneys at
Kilauea Military Camp and at a residential
home in Volcano collapsed. About three
wooden water tanks were destroyed, and
several others were partially damaged at
Volcano. At the Volcano Observatory, vio-
lent ground motion lasted about half a min-
ute, many loose objects moved or turned
over, sounds were heard from rockfalls in
crater and water sloshing in water tank.

A wood frame house shifted 1 m from founda-
tion. One water tank damaged. Many small
road cracks. Residents report strong shak-
ing; that loose objects fell off shelves.

Minor cracks and small rockfalls from walls of
cinder cones.

Damage in seven residential homes—cracked
concrete steps, house and garage moved
from foundation, 10-cm wall separation, roof
separation, chinaware broken from falling
out of cupboards. Rock wall damaged.

Two water tanks at a church destroyed.

Three homes moved from foundation. Other
damage included a broken waterline, col-
lapsed water tank, and toolshed.

Loose objects fell off shelves, water splashed
out of fish bowl.

Floor of water tank cracked; plexiglass
cracked; television set shifted off stand and
fell to the floor; rock wall damaged.

One house shifted off foundation; cabinets top-
pled off walls.

Damage reports from two homes. One house
dropped 7.5 cm; walls cracked, loose objects
fell. At other residence, water tank fell and
house beams cracked.

A garage concrete slab cracked.



TABLE 1.—Intensities and description of damage from the magnitude 7.2 earthquake, November 29, 1975—Continued

District (towns, villages) Intensity
Ka'u IV-VII
Kona v
Hamakua Iv-VvI
Kohala HI-IV

largest foreshock at 0336, 5.7 magnitude, oc-
curred about 4 km northwest of, and 72 minutes
before, the 7.2-magnitude quake (fig. 2).

A thousand or more earthquakes per day (fig:
5), some felt and heard by local residents, con-
tinued to shake the region for 2 weeks following
the November 29 event. These earthquakes,
termed aftershocks, were distributed primarily
north of the inland margin of the Hilina fault
system west of the epicenter of the main earth-
quake. Most occurred at depths of 5-7 km. During
the same time, the frequency of earthquakes in-
creased beneath the southwest flank of Kilauea,
suggesting possible migration of magma into the
southwest rift zone as the summit area deflated
after the brief summit eruption. Aftershock activ-
ity continues (mid-February 1976), though at a
steadily declining level. Extrapolation of the
present rate of diminution of activity (fig. 4) and
comparison with previous well-documented major
earthquakes in Hawaii suggest that aftershocks
will continue into the late summer of 1976, when
seismic activity on the south flank may return to
its normal level, like that of August-October
1975.

Studies of past seismicity beneath the south
flank of Kilauea show some similarities of earlier
events to the present activity. The largest earth-

TABLE 2.—Modified Mercalli Scale (1956 version ) of earthquake
intensity

[From Charles F. Richter, 1958, Elementary Seismology: San Francisco, W. H.
Freeman and Co., 768 p. Annotated by Richter (CFR)]

Not felt. Marginal and long-period effects of large
earthquakes.

Felt by persons at rest, on upper floors, or favorably
placed.

Felt indoors. Hanging objects swing. Vibration like
passing of light trucks. Duration estimated. May not
be recognized as an earthquake.

Hanging objects swing. Vibration like passing of heavy
trucks; or sensation of a jolt like a heavy ball striking
the walls. Standing motor cars rock. Windows, dish-
es, doors rattle. Glasses clink. Crockery clashes. In
the upper range of IV wooden walls and frame creak.

II.

L

Iv.

6

Description of damage

In Naalehu, foundation to one ranch house
cracked and roof damaged. One homeowner
in Pahala reported doors distorted, house
moved from concrete foundation, furniture
and stereo fell.

Loose objects fell off shelves; strong shaking,
rockfalls in Kealakekua.

Landslides on coast road at Laupahoehoe and
Honomu; loose objects fell off shelves. Heavy
rolling ground motion.

Some loose objects moved; shaking felt by
many people.

TABLE 2.—Maodified Mercalli Scale (1956 version) of earthquake
intensity—Continued

V. Felt outdoors; direction estimated. Sleepers wakened.
Liquids disturbed, some spilled. Small unstable ob-
jects displaced or upset. Doors swing, close, open.
Shutters, pictures move. Pendulum clocks stop, start,
change rate.

VI Felt by all. Many frightened and run outdoors. Persons
walk unsteadily. Windows, dishes, glassware broken.
Knickknacks, books, etc.,; off shelves. Pictures off
walls. Furniture moved or overturned. Weak plaster
and masonry D cracked. Small bells ring (church,
school). Trees, bushes shaken (visibly, or heard to
rustle—CFR).

VIL. Difficult to stand. Noticed by drivers of motor cars.
Hanging objects quiver. Furniture broken. Damage
to masonry D, including cracks. Weak chimneys bro-
ken at roof line. Fall of plaster, loose bricks, stones,
tiles, cornices (also unbraced parapets and architec-
tural ornaments—CFR). Some cracks in masonry C.
Waves on ponds; water turbid with mud. Small slides
and caving in along sand or gravel banks. Large bells
ring. Concrete irrigation ditches damaged.

VIII. Steering of motor cars affected. Damage to masonry C;
partial collapse. Some damage to masonry B; none to
masonry A. Fall of stucco and some masonry walls.
Twisting, fall of chimneys, factory stacks, monu-
ments, towers, elevated tanks. Frame houses moved
on foundations if not bolted down; loose panel walls
thrown out. Decayed piling broken off. Branches bro-
ken from trees. Changes in flow or temperature of
springs and wells. Cracks in wet ground and on steep
slopes.

General panic. Masonry D destroyed; masonry C heav-
ily damaged, sometimes with complete collapse;
masonry B seriously damaged. (General damage to
foundations—CFR.) Frame structures, if not bolted,
shifted off foundations. Frames racked. Serious dam-
age to reservoirs. Underground pipes broken. Con-
spicuous cracks in ground. In alluviated areas sand
and mud ejected, earthquake fountains, and craters.

Most masonry and frame structures and bridges de-
stroyed. Serious damage to dams, dikes, embank-
ments. Large landslides. Water thrown on banks of
canals, rivers, lakes, etc. Sand and mud shifted hori-
zontally on beaches and flat land. Rails bent slightly.

Rails bent greatly. Underground pipelines completely
out of service.

Damage nearly total. Large rock masses displaced.
Lines of sight and level distorted. Objects thrown into
the air.

IX.

XL

XII.
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move to high ground. Experience from the 1975
tsunami suggests the following:

(1) In historic times, tsunamis affecting
Hawaiian coastal areas have attained maximum
heights of nearly 17 m locally; however, past
tsunami heights have rarely exceeded 12 m above
sea level. Obviously, any inhabited coastal areas
below 12 m are particularly subject to possible
tsunami damage. Beach campers are especially
vulnerable to tsunamis, because they are close to
the sea and often in remote areas not covered by
warning or communications systems. In such re-
mote beach areas, it would be advisable to locate
overnight shelters 12 m above sea level, if at all
possible. As only large earthquakes are preceded
by foreshocks, campers should be instructed to
move to high ground if they experience any felt
earthquake. Not all large earthquakes produce
tsunamis, but it is more prudent to have a few
false alarms than tragedies.

(2) A reliable warning system for locally gener-
ated tsunamis should be established, utilizing
strong-motion seismic instruments (accelerome-
ters). Such a system would provide at most only
25 minutes of advance warning for Hawaii Island
residents, but even a few extra minutes might
save lives. Such a system would potentially be
more important for population centers, such as
Honolulu, on the other islands in the state; which
probably would have a longer warning. Since
1868, 12 of the 13 local earthquakes of intensity
VII or greater that might generate a tsunami
have been centered around the Big Island; the
other occurred near Maui. Thus, Honolulu might
expect 45-55 minutes of advance warning of a
tsunami generated near Hawaii Island.

At this time (February 1976), Hawaii Civil
Defense officials have announced a plan to de-
velop a warning system using strong-motion in-
struments.

(3) According to established Civil Defense pro-
cedures, waterfront hotels should move guests
immediately to upper floors rather than risk
evacuation across wide areas of low ground.

(4) Residents should be reminded periodically
of the procedures to take in the event of a locally
generated tsunami. Such reminders need to be
given at fairly frequent intervals, because many
years may pass before any of the Hawaiian is-
lands is again hit by a locally generated tsunami.

(5) The generally unstable nature of Kilauea's

32

south flank should be considered in any land-use
decisions for that area.
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