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Damage done by the 1987 Earthquakes in Ecuador
by
Motohiko HAKUNO, Shigeyasu OKUSA and Masanori MICHIUE

(Abstract)

At 20 : 57 and 23 : 09 lacol time on the 5 March 1987 locally destructive earthquakes of Ms
=6.1 and 6.9 shocked the northeastern part of Ecuador. The name Ecuador means the “equator”
in Spanish, and Quito, the capital of this country, is located just 15 km south of the equator.
Ecuador is approximately the same size as Japan except for the island‘ of Hokkaido, and its
population is approximately 9.4 million. It was primarily an agricultural nation until petroleum
was discovered in the western Amazon area in 1972. Even with the substantial reduction in the
price of petroleum in 1986, 45% of its total exports constituted petroleum. At present, exports
other than petroleum consist of agricultural products such as bananas and coffee.

Because of damage to its petroleum pipeline, (a major source of the nation's wealth) caused
by the many landslides that took place after the 5 March 1987 earthquakes, Ecuador now
has an international debt of 9 billion dollars that is a serious burden on its economy.

Structural damage done by the earthquake ground motion was slight because the events took
place in a mountainous area 80kmn east of the comparatively dense populated central basin.

The major damage was from landslides and flooding. Flooding occurred several hours after
the earthquakes following the collapse of natural dams formed by sliding rocks and soil that
barricaded rivers. The Nagano Prefecture-Seibu earthquake of 1984 in Japan had damage
characteristics similar to ‘those seen in Ecuador. The number of dead and missing people
resulting from the Ecuadorean earthquakes is estimated as being several hundred to several
thousand. The Japanese government dispatched a team of three experts (one each from the
Ministry of Foreign Affairs, the National Land Agency, and the Japan International
Cooperation Agency ) to Ecuador to do earthquake reconnaissance. Qur group was sent
independently by the Ministry of Education, Culture and Science to survey the tiamage
done by these earthquakes and was at the site from April 23 to May 7.

The earthquakes occurred along the west foot of the volcano named Reventador, 80 km east
of Quito.

Damage caused by the earthquake can be roughly divided into three categories.

The first was damage to the oil pipeline and to roads by massive slope slides that occurred
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over an area several kilometers square on the slopes of Mt. Reventador, rather, than by
the shocks of the earthquakes themselves. The second was damage to bridges and the oil pipe-
lines produced by river flooding because of the breaking of natural dams that had formed from
the influx of slide material from the volcano's slope.

The third was the collapse of houses caused by ground motion.

We could not reach the area where most of the serious slope slides occurred using surface
transportation because of the severe damage to roads and bridges. Therefore, we made our survey
by helicopter The survey of damage to houses was made by truck because inhabited areas were
not close to the area of severe slides and were accessible by truck,
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Fig. 1 The geomorphological and geological framework of Ecuador
(After Baldock, J.W. 1982 Simplified by the authors).
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Fig. 2 Isoseismals of the 5 March 1987 Ecuador earthquakes
(After material from the Escuela Politecnica Nacional).
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Table. 1 Rainfall in the Mt. Reventador area ; January to February 1987.

Site

Foot of Mt. Reventador

Upper reaches of the Borja River
Upper reaches of the Quijos River
Upper reaches of the Cosanga River
Upper reaches of the Santa Rosa R.
Murallas del medio

Cascabel

Cerri Sumaco

Monthly Rainfall
January 1987 February 1987

110.7 587.3
1771 240.5

99.8 369.9
162.1 448.4
210.2 488.8
418.0 532.7
250.8

176.3 119.9
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Fig. 6 Small scale slope failure. Slid blocks
stopped on the road. The soil is laterite
from pyroclastic rocks.
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Table. 2 Comparison of the valley densities of slopes around
Mt. Reventador and those around Mt. Ontake.

Range of Valley Density Average Valley
Area (Valley Length {m)/ Density
Surface Area (km?)) {m/km?)
Mt. Reventador
{Ecuador) 250-7,300 2,500
Mt. Ontake
(Japan) 0-2,800 1,055
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Fig. 7 Valley distribution around Mt. Revertador in the Sub-Ardean zone, Ecuador.
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Fig. 8 Valley distribution around Mt. Ontake and slope failures by the 1984
Naganoken-Seibu earthquake (M=6.9).







Table. 3 Slide areas and failed volume.

Devastated Percentage of .
Area Area Slide Surface Fanle?n\g;!ume
(Km?) to Total Area (%)

Malo River 20.10 80 45,480,000
Between the Malo 3.36 80 7.600,000
and 3.60 50 5,090,000
Reventador Rivers 12.04 30 10,220,000
Left Bank of the
Salado River 36.00 20 20,360,000
Right Bank of the
Quijos River 14.29 20 8,080,000
Due River 50.00 10 14,140,000
Total 110,970,000

Note: Average slope angle = 45°. Average slip depth = 2 m.
The devastated area and slide percentage have been identified from air photo-
graphs ({reduced scale of about 1/35,000) taken on the 26th of March, 1987
except for the area of the Due River for which the area and percentage were
estimated from observations made from a helicopter in April, 1987.

Fig. 12 A crude oil pipeline (large diameter) Fig. 13 A crude oil pipeline broken by a
and a gas pipeline broken by a debris blow. debris flow.

»

flood along the Quijos
Aguarico River near Lumbaqui by the river by the breakage of landslide dams.
breakage of landslide dams.

S
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Fig. 14 Tras of the flood along the Fig. 15 Traces of the
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Fig. 16 Ruins of the Aguarico Bridge Fig. 17 Ruins of the Sarado Bridge
and pipeline on the Due River. and pipeline on the Sarado River.
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Fig. 18 A fallen brick ceiling and Fig. 19 A fallen adobe house in La
walls in a church in Ibara. Cordillera Real.
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Collapsed steel frame of a gymnasium
under construction due to the poor concrete
support used for its steel frame.

Fig. 20 Damaged foundation
concrete and a slender rein-
forced column with poor
reinforcing steel bars of a
school near Baeza.

Fig. 22 Slightly damaged old
church built in 18¢c in Quito.
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