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LANDSLIDES FROM THE FEBRUARY 4, 1976,
GUATEMALA EARTHQUAKE

By EDwWIN L. HARP, RAYMOND C. WILSON, and GERALD F. WIECZOREK

ABSTRACT

The M (Richter magnitude) = 7.5 Guatemala earthquake of
February 4, 1976, generated more than 10,000 landslides throughout an
area of approximately 16,000 km?. These landslides caused hundreds of
fatalities as well as extensive property damage. Landslides disrupted
both highways and the railroad system and thus severely hindered
early rescue efforts. In Guatemala City, extensive property damage
and loss of life were due to ground failure beneath dwellings built too
close to the edges of steeply incised canyons.

We have recorded the distribution of landslides from this earthquake
by mapping individual slides at a scale of 1:50,000 for most of the
landslide-affected area, using high-altitude aerial photography. The
highest density of landslides was in the highlands west of Guatemala
City. The predominant types of earthquake-triggered landslides were
rock falls and debris slides of less than 15,000 m® volume; in addition to
these smaller landslides, 11 large landslides had volumes of more than
100,000 m?®. Several of these large landslides posed special hazards to
people and property from lakes impounded by the landslide debris and
from the ensuing floods that occurred upon breaching and rapid ero-
sion of the debris.

The regional landslide distribution was observed to depend on five
major factors: (1) seismic intensity; (2) lithology: 90 percent of all
landslides were within Pleistocene pumice deposits; (3) slope steep-
ness; (4) topographic amplification of seismic ground motion; and (5)
regional fractures. The presence of preearthquake landslides had no
apparent effect on the landslide distribution, and landslide concentra-
tion in the Guatemala City area does not correlate with local seismic-
intensity data. The landslide concentration, examined at this scale,
appears to be governed mainly by lithologic differences within the
pumice deposits, preexisting fractures, and amplification of ground
motion by topography—all factors related to site conditions.

INTRODUCTION

The M=7.5 Guatemala earthquake of February 4,
1976, generated at least 10,000 landslides that caused
hundreds of fatalities as well as extensive property
damage in the Guatemala City area. In response to a re-
quest by the Government of Guatemala, the U.S.
Geological Survey sent scientists and engineers to study
the effects of the earthquake. The purpose of this study,
funded in part by the Agency for International Develop-

ment, U.S. Department of State, was to map the dis-
tribution of earthquake-induced landslides, to deter-
mine the mechanisms of their formation, and to lend
technical assistance to the Guatemala Government in
assessing the future hazard to people and property in
areas where apparent landslide hazards remain. Another
objective of our study was to depict the landslide dis-
tribution in the Guatemala City area in terms of zones of
relative concentration, and to correlate these zones with
geologic and geophysical parameters to assess the
probability of a similar landslide distribution in future
earthquakes.

Previous reconnaissance studies of the effects of major
earthquakes have been largely concerned with damage to
manmade structures, fault rupture, or seismologic
parameters of the earthquake and its aftershocks.
Although ground-failure effects account for many of the
fatalities and much of the property damage in major
earthquakes, relatively few postearthquake reports have
mapped seismically induced landslides on a regional
scale, described the different types of failures, or
analyzed the seismic, geologic, and geotechnical
parameters of the triggering process. Tuthill and Laird
(1966) mapped large seismically induced rock-fall
avalanches from the 1964 Alaska earthquake (M=8.3) in
part of the Chugach Range. Plafker, Ericksen, and
Concha (1971) presented a map showing landslide loca-
tions over most of the area affected by the 1970 Peru
earthquake (M=7.75) and discussed the features and
mechanisms of slope failure and debris transport in the
catastrophic Huascaran rock-fall avalanche, which
destroyed most of the town of Yungay. Morton (1971)
prepared a map of landslide locations from the 1971 San
Fernando, Calif., earthquake (M =6.4) on which he dis-
tinguished landslide types and documented their respec-

tive predominance. )
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In this report we describe and discuss the following
topics: (1) the general damage resulting from seismically
induced landslides; (2) the predominant landslide types,
their areal distribution, and slope-failure mechanisms;
(3) the regional distribution of seismically induced
landslides and the factors that strongly influenced this
distribution (see map of configurations and locations of
earthquake-induced landslides in pls. 1, 2); (4) the
characteristics and failure mechanisms of the four
largest landslides and the hazards imposed by each
slide; (5) the landslide distribution within the
Guatemala City area, in the form of a landslide con-
centration map, and the major factors influencing this
distribution; and (6) the outlook for Guatemala City in
terms of landslide susceptibility in future earthquakes.

INVESTIGATION PROCEDURE

The distribution and types of seismically induced
landslides were determined from aerial photographs
coupled with aerial reconnaissance and ground-based
fieldwork. Photointerpretation and photomapping of
both postearthquake and obvious preearthquake land-
slides were performed using U-2 photography taken on
February 13, 1976, by the U.S. Air Force under contract
to the Office of Foreign Disaster Assistance of the
Agency for International Development, U.S. Depart-
ment of State. Though taken from an altitude of approx-
imately 21 km, the photographs have a resolution of
about 1 m and afforded stereoscopic coverage of the en-
tire area in which earthquake-induced landslides occur-
red.

Landslides in the affected area were mapped on
1:50,000-scale topographic base maps, and in the
Guatemala City area on a 1:12,500-scale topographic
base map; all base maps were provided by the Instituto
Geografico Nacional de Guatemala. Fieldwork was done
to check the accuracy of photomapping and to in-
vestigate landslide characteristics and mechanisms dur-
ing a period of two weeks in April and two weeks in June
1976. In addition to the general reconnaissance effort, we
spent several days at each of the sites of the four largest
landslides.

Acknowledgments.—We acknowledge the assistance
both of Oscar Salazar and Sam Bonis of the Instituto
Geografico Nacional, in providing logistic support for the
field investigations; and of the staff of the Regional Of-
fice, Central America and Panama, of the U.S. Agency
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Plafker for sharing knowledge of regional structure and
stratigraphy and information regarding landslide-
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the manuscript. We thank the Guatemalan people, both
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provided helpful information and related their personal
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GENERAL DAMAGE FROM
EARTHQUAKE-INDUCED LANDSLIDES—
IMPACT ON PEOPLE, PROPERTY,
AND LIFELINES

The epicenter of the February 4, 1976, Guatemala
earthquake was within the Motagua fault zone near Los
Amates, about 157 km northeast of Guatemala City
(Person and others, 1976). The earthquake triggered
landslides over an area of approximately 16,000 km?
that extends from near Quebradas on the east to
Quezaltenango on the west and from near Lago de
Amatitlan on the south to near Sacapulas on the north.
This area is only a few kilometers wide in the epicentral
area but expands to the southwest, where it widens to
about 80 km in the highlands. The approximate limits
within which landslides occurred are shown on the index
map (fig. 1).

Most landslides occurred on the steep slopes of the
rugged Guatemalan highlands, and were particularly
heavily concentrated along the canyons of the Rios
Pixcaya, Motagua, Las Vacas, and Los Chocoyos (fig. 2).
Relatively few landslides occurred near the epicenter or
along the valley of the Rio Motagua northeast of
Guatemala City.

The predominant types of landslides! induced by this
earthquake (fig. 3) were rock falls and debris slides of
less than 15,000 m?® volume. In some areas, however,
landslides coalesced so extensively that as much as 80
percent of slopes were denuded (fig. 4).

In addition to the thousands of small to moderate-size
(less than 15,000 m?) rock falls and debris slides, 11 large
landslides had volumes of over 100,000 m®. Several of
these large landslides blocked stream drainages and thus
posed an additional hazard from flooding. The four

'As used throughout this report, the term “landslide” specifically excludes ground failure
due to liquefaction, such as lateral-spread failure, unless otherwise stated.
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in the February 4, 1976, Guatemala earthquake, and highways closed by landslides.

largest landslides—near Los Chocoyos, San José Poa-
quil, San Martin Jilotepeque, and Estancia de la
Virgen—are discussed in detail in the section entitled
“Large Individual Landslides” (see table 1).

There were 37 reported deaths as a direct result of
landslides in the highlands west of Guatemala City, all
related to 3 of the largest landslides. A few fatalities were
reported from the breach of landslide-dammed lakes
(George Plafker, oral commun., 1976); other fatalities
were probably caused by landslides that occurred in
isolated areas of the highlands but were not reported.
Although the number of fatalities due to landslides is
small compared to the number of casualities from col-

lapsed adobe dwellings, landslide-related fatalities could
have been much more numerous if the areas of highest
landslide density or of the largest deep-seated landslides
had been on canyon slopes within a heavily populated
area.

Landslides disrupted major highways and the national
railroad system. The Atlantic Highway (CA9, fig. 1) was
blocked by landslides at numerous points between
Guatemala City and El Progreso; the Pan American
Highway (CA1) was blocked by landslides in the Mixco
area west of Guatemala City and near Tecpan; and
Highway 10 was buried by a massive slide at Los
Chocoyos. These highway blockages seriously hindered
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TaBLE 1.—Large seismically induced landslides

Estimated
. volume Averag(e
Site ! Locality Rock type Failure type [10°m’] slope Remarks
1 Los Chocoyos - - - - - Pumice, consisting of tephra Block slide/rock-fall avalanche 0.75-1.0 ~ 27°  Failure sudden and cata-
H and H ash-flow tuff of strophic; 7 people killed.
Koch and McLean (1975).
2 San José Poaquil - - Dark-gray welded tuff with Complex block slide/rotational 35 19°  Little effect on lives and pro-
thin irregular cap of slump grading into rock-fall perty. Lake breached on
pumice. avalanche near toe. June 27, 1976.
3 San Martin Pumice, probably H ash-flow Complex rotational slump in head- 1.0 11° Destroyed 14 houses and
Jilotepeque tuff of Koch and McLean wall; long, tongue-shaped north killed 17 people; dammed
(1975). one-third resembled an earthflow; Rio Quemaya. Breach of
south two-thirds was an inci- lake, which drowned several
pient rotational-slump lateral eople, may have been
sEread extensively fractured Hquefaction induced.
throughout.
4 Estancia dela Tertiary andesitic volcanic ~ Rotational slump/rock-fall 6.0 23°  Dammed Rio Pixcays; 13
Virgen rocks. avalanche people killed in slide.
5 RioPolima ------ Tertiary andesitic volcanic ~ Block slides <.9 27°  Created asmall lake about
rocks overlain by pumice. 200 m long and about 2 m
deep (June 1976).
6* RioNaranjo------ Pumice Disintegrating rotational stump <3 - Noimpounded water be-
hind slide as of June
7°  RioBlanco------- Tertiary andesitic volcanic =~ Complex coalescing rock-fall 1976.
rocks overlain by pumice. avalanche <2 26° Small lakes impounded be-
hind rocky debris had
8%  RioRuyalché - - - - - Tertiary andesitic volcanic ~ Rotational slump drained by June 1976.
rocks overlain by pumice. <5 15°  Nolake behind slide mass
9>  RioCotzibal ----- Tertiary andesitic volcanic  Rotational slump as of June 1976.
. rocks. 3 15°  Riveronly partly blocked;
10 Rio Teocinte ----- Tertiary andesitic volcanic ~ Rotational slump/rock-fall incipient slide.
rocks. avalanche 3-5 29° Small lake dammed but
11 RioLos Cubes - --- Paleozoic(?) metamorphic Block slide/avalanche drained as of June 1976.
rocks <1 28°  Lake about 200 m long and

about 3-4 m deep, drain-
ing through slide mater-
ial (June 1976).

!See plates 1 and 2 for locations.

“Landslides at these sites were not visited on the ground, but low-altitude aerial observations were made, and numerous photographs were taken. Volume estimates for these
landslides are extremely rough, and for others are based on field and photographic measurements.

‘Preearthquake topography.

rescue and relief efforts in the severely damaged towns
and villages of the Guatemalan highlands. The railroad
between Guatemala City and Puerto Barrios, the Carib-
bean port, was also blocked in more than 30 places
(Chang, engineer, Ferrocarriles de Guatemala, written
commun., 1976).

The most extensive property damage and loss of life
from landsliding during the 1976 earthquake were in
Guatemala City. The city is built on a plateau along the
Continental Divide; this plateau is deeply incised by
several streams that form a network of steep narrow can-
yons (locally called “barrancos’) as deep as 100 m. The
plateau is underlain by Pleistocene pumice deposits
more than 100 m thick (Koch and McLean, 1975), a
brittle material with extremely low tensile strength. The
interlocking texture of the pumice, however, provides
sufficient shear strength to support nearly verticle slopes
100 m high.

The extent of property damage or loss of life in the

Guatemala City area as a direct result of landsliding is
not precisely known, but a conservative estimate would
be approximately 500 dwellings damaged and at least
200 deaths. Most houses damaged by landslides were
within 5 m of the canyon rims; these houses were either
undermined by failure of the adjacent slopes or deformed
by fissures that became incipient landslide scarps. A few
neighborhoods on the slopes or bottoms of the barrancos.
were damaged by falling debris from slope failures
(fig. 5).

PREDOMINANT LANDSLIDE TYPES—
CHARACTERISTICS AND PROBABLE
FAILURE MECHANISMS

Rock falls? and debris slides? were by far the most
common types of landslides induced by the earthquake.

?Landslides are classified according to the nomenclature of Varnes (1978).
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