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LANDSLIDES OF RIO DE JANEIRO AND THE SERRA DAS ARARAS
ESCARPMENT, BRAZIL

By FRED O. JONES

ABSTRACT

Midsouthern Brazil with its south-facing coast is particu-
larly vulnerable to cloudbursts, which result in floods, heavy
erosion, and landslides. During the summer season, cold
fronts originating in the south polar region move across the
South Atlantic Ocean in a rhythmic cycle of about one per
week. As the cold fronts mingle with the tropical airmass
along the south-facing coast of Brazil, rainstorms develop.
Most of the rain falls as cloudbursts. Frequently, many
storm centers are operative at the same time.

Unusually heavy rains fell in midsouthern Brazil during
the summer seasons of 1966 and 1967. In 1966, the area most
affected was the city of Rio de Janeiro and the surrounding
vieinity. In 1967, the area most affected was 50 to 70 Kkilo-
meters west of the city of Rio de Janeiro; it encompassed
about 100 square kilometers along the escarpment of the
Serra das Araras. The resulting floods and extensive land-
slides during both seasons caused great loss of life and prop-
erty damage. The total loss of life in the 1966 floods and
landslides may have reached 1,000; in the 1967 floods and
landslides, the loss has been estimated as high as 1,700. The
damage to property in 1967 and the resulting effects on
industry are inestimable.

On the night of January 22 and 23, 1967, a landslide dis-
aster of unbelievable magnitude struck the Serra das Araras
region of Brazil. Beginning at about 11:00 p.m., an electrical
storm and cloudburst of 3% hours duration laid waste by
landslides and fierce erosion a greater land mass than any
ever recorded in geological literature. The area laid waste
was 25 kilometers in length and 7 to 8 kilometers in maximum
width. A large part of the area of heavy destruction was on
the steep slopes of the Serra das Araras escarpment. Thun-
derbolts from the lightning and the collapse of the hills shook
the region like an earthquake. Landslides numbering in the
tens of thousands turned the green vegetation-covered hills
into wastelands and the valleys into seas of mud. Within the
area of most intensive sliding are the Rio Light S.A. gene-
rating complex, the principal power supply for Rio de Ja-
neiro, and a section of the Presidente Dutra Highway, the
main arterial between Rio de Janeiro and Sdo Paulo. Land-
slides in the steep canyons above the Rio Light S.A. gene-
rating complex turned to mudflows in the valley bottom and
buried the main power units.

The Presidente Dutra Highway was cut by slides and mud-
flows in several places. Floods from many tributaries con-
verged in the Floresta Creek valley at the toe of the moun-

tains to form a mudflow which engulfed virtually an entire
village and a highway construction camp.

In soils containing montmorillonite clay, the movement of
some slides can be halted by installing subsurface drains,
channeling all surface runoff into concrete drains, and treat-
ing the surface with lime. The lime reacts with the mont-
morillonite, causing it to stiffen and release ground water
downward to the subdrain system. Preliminary tests indicate
that many of the soils of Brazil ean be induced to drain and
stiffen by the application of lime. The possible effect of
applying lime to unstable or potentially unstable slopes with-
out providing subsurface drainage is unknown. Study of the
soil profiles and the upper rock profiles in the city of Rio de
Janeiro indicates that in general the soils are most imperme-
able at the surface and that permeability increases down-
ward through the soil and decomposed bedrock. The lift
seams and related joints in the upper part of bedrock are
more permeable than the overlying formation and the under-
lying firm rock. This sequence in the soil-rock profiles may
provide a natural drainage system that could provide escape
for ground water from the soil if it is treated with lime.

A reconnaissance survey of the city of Rio de Janeiro was
made to study the possibility of increasing the stability of
the slopes by application of lime; 183 soil samples were
collected and tested. These were taken from various geo-
graphic areas and areas of diverse parent bedrock. Of the
183 samples, 24 (or 13 percent) resulted in negative tests;
the other 159 (or 87 percent) tested positive. The 87 percent
that tested positive were divided into three groups: 16.5 per-
cent showed only fair reaction, 29.0 percent showed good
reaction, and 41.5 percent showed excellent reaction.

Much has been done in the past to stabilize decomposed
bedrock, dangerous appearing slabs on the exfoliation domes,
and weathered out blocks; much work is in progress in the
city at present. The identification of potentially unstable
rock is essential to the safety of the people and the many
fine buildings along the toes of the slopes and is necessary to
guide future planning and construction.

More than half of Brazil is made up of geologic forma-
tions similar to those in the Rio de Janeiro and Serra das
Araras regions. Although topographic forms vary widely,
the solutions to slope-stability problems that prove beneficial
in these areas should have wide application in other parts
of Brazil and perhaps elsewhere in the world.
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INTRODUCTION

Unusually heavy rains fell on the city of Rio de
Janeiro, Brazil, and the surrounding area during the
summer of 1966. The resulting floods and extensive
landslides caused great loss of life and property
damage. Because of the severity of the catastrophe,
a special landslide committee, under the direction of
the Brazilian National Research Council, was estab-
lished to study the problems. Upon the recommenda-
tion of the landslide committee, the Brazilian gov-
ernment requested the Agency for International De-
velopment, U.S. Department of State, to furnish an
engineering geology specialist from the staff of the
U.S. Geological Survey to review the landslide and
slope stability problems of Rio de Janeiro during the
rainy season of 1967. The writer was assigned to the
project and remained in Brazil from December 10,
1966, to April 7, 1967.

Again in January 1967 unusually heavy rains
struck. The area most affected was 50 to 70 km
(kilometers) west of the city of Rio de Janeiro. It
encompassed about 100 square kilometers along the
escarpment of the Serra das Araras, a subdivision of
the Serra do Mar. Included in the area are the Rio
Light S.A. (South America) generating complex and
the Sdao Paulo-Rio de Janeiro highways; the high-
ways wind through steep canyons between the plains
and the summit of the Serra das Araras escarpment
(fig. 1 and pl. 1).

In the steep canyons above the Nilo Pecanha un-
derground powerplant, some 40 to 50 landslides
turned to mudflows in the valley bottom and buried
the main generating units supplying power to Rio
de Janeiro. Slides and mudflows in the Lajes Creek
canyon filled the tailrace channel of the new Fontes
plant of the power complex and temporarily inter-
rupted the inlet of a city water-supply line having
a capacity of 5.5 cu m per sec (cubic meters per
second).

The Presidente Dutra Highway was cut by slides
and mudflows in numerous places. The floods from
many tributaries converged in the Floresta Creek
valley at the toe of the mountains to form a mud-
flow which engulfed virtually an entire village and
a highway construction camp. Loss of life and
property damage were very great. The area was
0.8 to 1.3 km above the confluence of Floresta Creek
(Ribeirdo da Floresta) and Lajes Creek (Ribeirdo
das Lajes) (pl. 1). Although the rains were not as
widespread in 1967 in Rio de Janeiro as they were
in 1966, local cloudbursts struck some areas and
caused great loss of life and extensive damage.

The total loss of life in the 1966 floods and land-
slides may have reached 1,000. In the 1967 fioods
and landslides, the loss has been estimated as high
as 1,700. No exact count can be made when entire
villages are wiped out. The damage to property
in 1967 and the resulting effects on industry are
inestimable.

HISTORICAL BACKGROUND

Midsouthern Brazil with its south-facing coast is
particularly vulnerable to cloudbursts, which result
in floods, heavy erosion, and landslides. During the
summer season, cold fronts originating in the south
polar region move across the South Atlantic Ocean
in a rhythmic cycle of about one per week. As the
cold fronts mingle with the tropical airmass along
the south-facing coast of Brazil, rainstorms develop.
Most of the rain falls as cloudbursts in areas of
varying size. At times many storm centers are op-
erative at the same time.

Historical records describe catastrophic landslides
in such widespread cities as Santos, Sio Paulo,
Angra dos Reis, Petrépolis, Niteréi, and Rio de
Janeiro (fig. 1 and pl. 1), and Curitiba in Paran4,
Salvador in Bahia, and Macei6 in Alagoas (fig. 2).
In Rio de Janeiro, history records that the hillsides
have been a problem ever since the city was founded.
Because the lowlands consisted of marshes, lagoons,
and water-logged land, they were not inviting. Many
of the slopes were inhabited during the beginning
of the 19th century partly because of yellow-fever
epidemics in the low-lying parts. From the very
earliest settlement, people took to the hills because
they were more desirable and provided a Dbetter
stronghold against the pirates. Castelo Hill was
settled in the 1550’s. Several landslides there in 1759
and 1811 led to the eventual removal of the hill for
safety. The material was used to fill swampy sec-
tions of the city. Other hills have since been re-
moved because the stability problems were impossi-
ble to cope with, and the material could be used
advantageously for fill elsewhere. Many similar
situations exist today.

Most landslides and erosion have occurred at
places where the natural relief of the land has been
changed by man. Such places are predominantly
cuts and fills in slopes of residual soil and decom-
posed bedrock.

The earliest rainfall record for the city is for the
year 1782. Regular observations have been made
since 1851 and regular records have been published
since 1910. The rainfalls of the two disastrous
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storms of Rio de Janeiro were not as intense as
rainfalls that have been observed elsewhere in the
world. The historical records for Rio de Janeiro
prior to 1966 show the following maximum dura-
tions and amounts:

Millimeters Inches

lmin ___________________________ 3.3 13
Smin ___________________________ 19 .75
1hre o ___. 72 2.83
24 hr _________ o ___ 290 11.42
2 hr 340 13.38

A rainwater-disposal system became necessary as
soon as people began living on the lands around the
lagoons which lay at the foot of the hills. Rainwater
runoff from the hills had to be channeled around the
dwellings. Later, conduits were dug to drain the
lagoons. The first one was constructed in 1641 to
carry off the waters of Santo Anténio Hill, and by
the end of the 19th ecentury all the midtown lagoons
had been filled in except Sentinela. The fills created
large flat areas of land with poor drainage to the
sea.

The need for an overall plan of water disposal
became apparent. Engineer J. J. Revy proposed a
plan in the 19th century, but it was not put into
effect. The first plan which was put into effect was
drawn up later by a group of physicians who used
guesswork and information from plans adopted in
other countries. The physicians themselves felt that
the work should have been done by engineers. Many
other plans for a runoff system have been suggested
and some have been used.

Plans that were put into effect were only piece-
meal, and there still is no master plan and set of
standards for the laying of rainwater drains. Indi-
vidual engineers do what they consider best for
their clients in each circumstance. It is not surpris-
ing that a confused system has resulted. At present,
four state bodies are entitled to operate in the same
city area.

Years ago it was known that the situation was
critical at some places whenever the summer rains
came, and water pouring down from the mountains
could find no outlet to the sea. The quantity of earth
brought down from the hillsides added to the diffi-
culties. As the eroded soil was added to the water,
the channels became plugged and runoff was impos-
sible. During one rainstorm in 1942, 36,700 cu m
(cubic meters) of material was brought down into
the city streets.

Successive laws and decrees have been enacted
sinece 1955 in an effort to control foundation and
excavation work and reduce slope failures. The de-

cree of May 15, 1955, required investigations of the
safety of sloping land before construction, including
consideration of land and buildings lower down on
the slope that might be affected by sliding. The
General Office of Transport and Public Works was
empowered to scale down the size of developments
on slopes that might be unstable, and if necessary
condemn any hillside-foundation plan that might
destroy the balance of the hillsides. From the de-
cree of May 15, 1955, it is apparent that slope-
stability problems in Rio de Janeiro had reached
alarming proportions even before the excessively
heavy rains of 1966 and 1967.

Law No. 948 of November 27, 1959, provides for
the preservation of woodlands and establishes forest
preserves on most of the mountains and hills of the
state above specified altitudes. Its provisions cover
land use and developments within the city and in
rural areas.

Decree No. 67 of September 18, 1963, provides
regulations governing the selection of sites and op-
erations of quarries. This decree was revoked by
Decree No. 708 of October 1966, which drastically
restricts quarries within the city. For safety and
slope-stability purposes, it places a large part of
the control of quarries under the Institute for
Geological Engineering of the General Office of
Transport and Public Works.

Ordinance No. SOP 13 of October 30, 1964, es-
tablishes regulations and foundation specifications
for the use of tie beams and retaining walls which
are used so extensively in construction on the slopes.
It provides for official review and aproval of all
plans and field examinations of the construction.

Decree No. 417 of July 14, 1965, extends in detail
the ordinance of 1964 and outlines the geological
and engineering data required to secure a license
or permit to construct buildings on slopes.

Since the decree of July 1965, many other regula-
tions have been established. With the catastrophic
rains of 1966 and 1967, officials have been forced
to make drainage and slope stability a prime factor
in engineering planning and management. The
problems are not easily solved. Solutions for some
problems are certainly possible in time to avert
disaster, but for others there is no solution until
disaster strikes.

PRESENT INVESTIGATIONS

The inadequacies of the water-disposal system
were brought sharply into focus in the rainy season
of 1966. There was a change in the pattern of rain-
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FIGURE 1.—Index map showing the

turned the streets into rivers. It was estimated that
the amount of rubble cleared away was approxi-
mately 300,000 cu m, more than seven times that
recorded for the 1942 rains.
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During the 1966 season, two exceptionally heavy | area and remained stationary there for 3 days. At
rains fell; they were the storms of January 10, 11, | the meteorological observatory in the center of Rio,

and 12, and March 26 and 27. On January

10, 1966, | the oldest station in the city, which has about 80

a cold front moved into the city of Rio de Janeiro | years of recorded observations, the depth of rainfall
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in the 3 days reached a total of 484 mm (milli-
meters) (19.05 in.). The normal rainfall for Janu-
ary is 171 mm (6.73 in.), and the previous maxi-
mum rainfall recorded for any 1 month was 473 mm
(18.62 in.) in January 1962. During the 3-day Janu-
ary 1966 storm, the Alta da Boa Vista station re-
corded 675 mm (26.57 in.) of precipitation.

The storm of March 26 and 27 began about 3 p.m.
Precipitation was most intense during the early
part of the storm when 240 mm (8.45 in.) of rain
fell in 6 hours. The intensity reached 100 mm (3.94
in.) per hour. During the 18 hours of total duration
there was 320 mm (12.6 in.) of precipitation. Two
characteristics set this storm apart from the Janu-
ary storm—there was a greater amount of rainfall
in a shorter period of time and a greater amount
for a single day.

After the Serra das Araras landslide and flood
disaster of January 22 and 23, 1967, conditions in
Rio de Janeiro and its environs were chaotic for
many weeks. People by the tens of thousands were
homeless. Power and water were rationed; this re-
sulted in complete lack of services in various sec-
tions of the city and region for many hours at a
time. People stood in block-long lines for elevator
service, and because of unexpected power interrup-
tions, elevators stopped and trapped passengers
between floors. Operation of air conditioners was
prohibited ; this caused suffering and major personal
discomfort in the closely built apartments, offices,
and hotels during 90° and 100°F temperatures.
Hundreds of passengers, arriving at Rio’s Galedo
International airport along its dimly lighted run-
ways powered by emergency units, found themselves
plunged into jet black pandemonium without water,
telephones, food, or coffee. Wading knee deep in
water and mud in the streets of Rio during and
after cloudbursts was a commonplace experience.
Inoperative signal lights caused horrendous tieups
in traffic. Stalled cars and electrically powered buses
compounded the traffic problems. Extensive street
construction was in progress and the avoidance of
the street excavations where safety barriers had
washed away was nearly impossible. Small holes in
roads were transformed into yawning craters by
the rushing waters. As bridges collapsed and ve-
hicles washed into drainage canals and streams,
transportation throughout many areas was brought
to a standstill.

The field observations and studies summarized in
this report are representative of many thousands of
landslides in the Rio de Janeiro region during the
summers of 1966 and 1967. Detailed investigations

were concentrated in the city of Rio de Janeiro and
the Serra das Araras landslide disaster areas.

Investigations were facilitated greatly by the un-
limited helicopter support furnished by the Bra-
zilian Government. The helicopter services made it
possible to secure aerial-oblique photographs of
many significant slides and slope-stability features.
Selected photographs have been reproduced in this
publication. Although topographic forms vary wide-
ly, more than half of Brazil is made up of geologic
formations similar to those found in the areas
studied. The solutions to slope-stability problems
which prove beneficial here should have wide appli-
cation in other parts of Brazil and perhaps else-
where in the world.
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LANDSLIDE TYPES

Landslides having a great variety of physical char-
acteristics are found in the surficial deposits and
rocks of the Brazilian Precambrian Complex (fig.
2). For purposes of this report, they are divided
generally into four groups—slump earthflow slides,
debris slides and avalanches, debris flows or mud-
flows, and rockfalls and rockslides.

SLUMP EARTHFLOW LANDSLIDES

Slump earthflow landslides combine the processes
of sliding and flow. The upper part slides down-
ward in one or more blocks that commonly rotate
slightly about axes that are horizontal and parallel
to the slope in which the landslide forms; the lower
part flows as viscous liquid. The surface of rupture
is commonly concave toward the slip block in hori-
zontal section. In vertical cross section, the surface
of rupture takes the shape of a circle, an arc of an
ellipse, or a logarithmic spiral. Examples of this
type are the Urubus Hill and the Comendador Mar-
tinelli Street slide in Rio de Janeiro (fig. 14 and
pl. 2).

DEBRIS SLIDES AND AVALANCHES

The debris slides are formed in loose material
resulting from the decay and disintegration of
rocks. They are relatively shallow in vertical cross
section. The surface of rupture is nearly parallel to
the slope or bedrock surface, except at the top of
the main scarp where it steepens to intersect the
surface.

The gradations between debris slide and debris
flow reflect very largely the differences in water
content, although material of a given water content
may slide on a gentle slope but flow on a steeper
slope. Debris slides and, less commonly, debris ava-
lanches may have slump blocks at their heads. In
debris slides, the moving mass breaks up into
smaller and smaller parts as it advances toward the
foot, and the movement is usually slow. In debris
avalanches, progressive failure is more rapid and the
whole mass, either because it is quite wet or is on a
steep slope, flows and tumbles downward and ad-

vances well beyond the foot of the slope. Debris
avalanches are generally long and narrow and many
leave a serrate or V-shaped scar tapering uphill at
the head, in contrast to the characteristic horseshoe-
shaped scarp of a slump earthflow slide (Diamond
and Kinter, 1965).

Examples of these types of landslides abound in
the city of Rio de Janeiro and the Serra das Araras

- region. Examples from the city of Rio are shown in

figures 7, 10, 12, and 13. Examples from the Serra
das Araras area are shown in figures 18, 21, 22, 24,
25, 34, 37, 38, and 42.

DEBRIS FLOWS AND MUDFLOWS

Debris flows and mudflows form in the surficial
deposits of slopes. If more than half of the material
making up the flow is the size of sand, silt, and
clay, it is classified as a mudflow; if more than half
is made up of coarser rock fragments, it is classi-
fied as a debris flow.

Debris flows almost invariably result from un-
usually heavy precipitation during torrential run-
off after cloudbursts. They are most prevalent in
deep soil on mountain slopes from which the vege-
tative cover has been removed, but the absence of
vegetation is not a necessary prerequisite. Once in
motion, a small stream of water heavily laden with
soil has transporting power out of all proportion to
its size, and as more material is added to the stream
by sloughing, its size and power increase. These
flows comonly follow preexisting drainage ways, in-
corporating trees and bushes, and removing every-
thing in their paths. Such flows are of high density,
perhaps 60 to 70 percent solids by weight, so
boulders as big as an automobile may be rolled along.
If such a flow starts on an unbroken hillside, it will
quickly cut a V-shaped channel. Flows may extend
many miles until they drop their loads in a valley
of lower gradient or at the base of a mountain front.
Some debris flows and mudflows have been reported
to proceed by a series of pulses in their lower parts;
these pulses presumably are caused, in part, by
periodic damming and release of debris (Diamond
and Kinter, 1965).

Flows of this type occurred by the hundreds in
the Serra das Araras region during the 1967 rains.
An example in the city of Rio is the Santo Amaro
Street (Rua Santo Amaro) flow (pl. 2) which
formed at the head of a large alcove and partly
inundated an apartment house approximately 200
m (meters) down the valley. Examples from the
Serra das Araras are shown in figures 23, 27, 28,
33, and 34.
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ROCKFALLS AND ROCKSLIDES
True rockfalls, in which a mass of rock travels
mostly through the air, are rare. Rockslides in which
exfoliation slabs and weathered-out blocks are

loosened and slide or roll down the slopes are com-
mon. Examples within the city of Rio de Janeiro
are shown in figures 3 and 4.
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A simple test was developed by the geologists of
the Panama Canal Company to determine whether
a soil is susceptible to lime treatment. The test con-
sists of placing approximately equal amounts of soil
in two test tubes. To one a small amount of lime is
added. To both test tubes equal amounts of water
are added. Both are agitated simultaneously until
the soil is broken up and the solutions reach a similar
cloudiness. The test tubes are then allowed to stand
for observation. If a significantly more rapid floc-
culation is observed in the tube containing lime than
in the one without lime, the reaction indicates that
the soil probably contains montmorillonite clay and
that lime would serve as a beneficial additive to
stabilization of the soil. The rapid flocculation is
believed to be either an electrokinetic (Ho and
Handy, 1964) or a pozzolanic reaction (Diamond
and Kinter, 1965) or a combination of both.

In 1957, several homes in the $25,000 to $35,000
price range were constructed on filled land border-
ing a ravine in Des Moines, Iowa (Handy and Wil-
liams, 1967). The fill was poorly compacted silty
clay borrowed from loess and glacial till. It was
placed on a relatively impermeable shale having a
surface slope of 15 to 20 percent. In 1959 the area
became known as the Aurora Avenue landslide or,
informally, as skid row. Numerous attempts were
made to stop the slide, including use of all the con-
ventional methods of draining the slope, unloading
the toe, and the placing of concrete piles and
wooden bulkheads.

In 1963, two of the lots were treated with lime.
The treatment consisted of drilling 6-foot auger
holes in a 5-foot grid down to the shale and through
a perched aquifer above the shale. Approximately
50 pounds of quick lime were placed in the bottoms
of the drillholes: it filled about the lower 3 feet of
the holes. Holes adjacent to the houses on the lots
were completely filled with lime in the hope that
this would stabilize the soil immediately under the
footings. More than 500 holes were drilled over an
area 200 by 125 feet, consuming 20 tons of lime.
Movement of the two houses ceased immediately
after the treatment. The results were attributed to
an increase in soil strength caused by the drying
action of the quick lime on the soil. Meanwhile, slid-
ing in adjacent untreated areas continued. X-ray
diffraction showed the most abundant clay minerals
in the sliding materials to be calcium montmorillo-
nite. Montmorillonite, even when calcium saturated,
is peculiarly susceptible to modification by lime
(Handy and Williams, 1967). The lime causes rapid
flocculation and an increase in the plastic limit, ac-

companied by a slower pozzolanic cementation re-
action that forms new hydrated calcium silicates and
aluminates similar to those in Portland cement con-
crete (Ho and Handy, 1964 ; Diamond and Kinter,
1965). Physical and chemical tests on the soils for
a period of 2 years and 8 months following treat-
ment showed progressively increasing strength in
the soil (Handy and Williams, 1967). X-ray dif-
fraction tests showed that little of the lime in the
bore holes had reacted, and it is assumed that the
pozzolanic reaction will continue for many years.
Two drill holes put down to the shale 2 years and
8 months after treatment showed no water table
within the fill. The lime treatment did not appear to
have been deleterious to lawns, trees, or weeds.

CITY OF RIO DE JANEIRO AREA

A reconnaissance survey of the city of Rio de
Janeiro was made to study the possibility of in-
creasing the stability of the soil on the slopes with
the aid of lime. One hundred eighty-three soil sam-
ples were collected and tested. They were taken from
geographic areas of diverse bedrock formations
(table 1, pl. 2).

In the lime tests summarized in tables 1 and 3,
most of the samples were judged to have a reaction
classified as excellent, good, fair, or negative. A few
of the samples were simply classified as negative
or positive. In an excellent reaction, flocculation of
the lime-treated sample began momentarily after
agitation ceased, and the water cleared completely
within 5 to 10 minutes. Many of the untreated sam-
ple solutions remained cloudy for longer than 24
hours. In a good reaction, the flocculation of the
lime-treated sample was slightly less rapid and the
clearing of the water was not so complete. In a fair
reaction, some of the flocculation of the lime-treated
sample could be detected, but it did not appear to
be significant as compared to the excellent and good
reactions. In the negative reaction, no more rapid
flocculation of the lime-treated sample could be ob-
served than in the untreated sample. In some sam-
ples, the untreated sample solution cleared more
rapidly than the lime-treated sample solution. When
samples giving an excellent or good reaction were
allowed to stand overnight, the sediment in the bot-
tom of the test tubes became hard and was much
more difficult to remove than the sediment that had
not been treated with lime. Tests were made for
various periods of time, many for as long as 24
hours. From the various tests, it was determined
that a 80-minute period of observation after agita-
tion was sufficient to make the classification.
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TABLE 1.—Results of lime tests of soil samples, city of
Rio de Janeiro

[Sample locations shown on pl. 2]

Positive Negative

Excellent

Fair

SERRA DAS ARARAS ESCARPMENT, BRAZIL

TABLE 1.—Results of lime tests of soil samples, city of
Rio de Janeiro—Continued

Positive Negative

Sample

Fair
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TABLE 1.—Results of lime tests of soil samples, city of | TABLE 1.—Results of lime tests of soil samples, city of
Rio de Janeiro—Continued Rio de Janeiro—Continued
Positive Negative Positive Negative
Sample Sample
No. Fair Good Excellent No. Fair Good Excellent

X
127 X oo
128 e X
129 § _______________
130 X o
3 X o
132 X e
138 X
134 X
135 D G
136 o __ X e
137 X e
138 X o
1839 X e __
140 X o
141 X
142 X e
143 X e
144 X
145 X
146 X oo
147 X
148 . __ X e

Total ____ 30 63 76 24

1 Sample not tested.

Of the 183 samples, 13 percent resulted in a nega-
tive test and 87 percent tested positive. The 87 per-
cent that tested positive were divided into three
groups—16.5 percent that showed only fair reac-
tion, 29.0 percent that showed a good reaction, and
41.5 percent that showed an excellent reaction. No
significant relationship is apparent between locali-
ties of positive or negative tests and the various
types of gneiss plotted on the geologic map of the
city. More detailed testing and geologic mapping
may reveal a significant correlation between areas
of positive tests and montmorillonite content of clay
in the soils.

The key to slope stabilization is surface and sub-
surface drainage of water off and out of the slopes.
Preliminary tests indicate that many of the soils
of Rio de Janeiro can be induced to drain and stiffen
by the application of lime to the surface. The pos-
sible effect of applying lime to unstable or poten-
tially unstable slopes without providing subsurface
drainage is unknown. Study of the soil profiles and
the upper rock profiles in the city of Rio de Janeiro
indicates that in general the soils are most imper-
meable at the surface and that permeability in-
creases downward through the soil and decomposed
bedrock. The lift seams and related joints in the
upper part of bedrock are more permeable than the
overlying formation and the underlying firm rock.
This sequence in the soil-rock profiles may provide
a natural drainage system that could provide escape
for ground water from the soil. In most areas rela-
tively short horizontal drainholes could serve as out-
lets for the water introduced into the open seams
and joints in the bedrock. Unless a system of
ground-water escape is provided, stability condi-
tions within the slopes could conceivably become
more hazardous with the lime treatment than with-
out it.
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COMENDADOR MARTINELLI STREET SLIDE AREA

A detailed study has been made of the Comenda-
dor Martinelli Street slide. Ten samples were col-
lected for lime tests of the soil. The test results for
all samples are positive (excellent and good) and
indicate that the slide is amenable to lime treat-
ment.

The Comendador Martinelli Street is in the Gra-
jau district of the city of Rio de Janeiro. Plate 2
and figure 14 show the general geographic and geo-
logic setting of the slide. Towering above the area
is a tremendous exfoliation dome. The landslide area
extends from the base of the sheer bare gneissic
dome to the city on the plain. Along the streets are
many fine homes and apartment buildings, and sev-
eral new apartment buildings were under construc-
tion at the time of the field studies. The slide mass
consists of colluvial soil and boulders, and in some
places huge blocks 20 to 30 m across have weathered
out of the dome and have fallen from its steep slope.
The soil mass in which the boulders are imbedded
was derived by residual weathering and it accumu-
lated at the foot of the dome by slope wash, creep,
and ancient landsliding.

Landsliding activity of the mass of soil and
boulders is probably very ancient. The heavy rains
of 1966 removed parts of the slide and caused ex-
tensive damage to several buildings in the lower
regions of the slide. R. P. Chaves and Ulysses Hel-
meister (unpub. data, January 24, 1956) refer to
studies of movements of the slide dating back to
1941, They pointedly outlined the danger of further
building in the area.

The Comendador Martinelli Street slide is a
classic example of the slump-earthflow type limited
by bedrock. The upper part of the surface of rup-
ture follows the bedrock slope of the gneissic dome.
The slide is more than 300 m wide at street level
and extends up slope about 340 m nearly to the con-
tact of the surficial deposits with the rock. The ap-
proximate outline of the slide is shown in figure 14.
It has a vertical component of 120 m between alti-
tudes of about 60 m and 180 m.

About halfway up the slope, a basin holds a small
pond fed by a spring and surface runoff. A small
stream follows the north side of the slide. The
upper part acts as a driving force which activates
removements during periods of excessive rain and
an increase in ground-water pressures within the
slide.

The alternative solutions to the problems are
either to cease all land utilization of the area and
remove the buildings and inhabitants that might be

endangered from future movements or to stabilize
the slide. It is believed that the slide can be stab-
ilized because tests have shown that the slide mass
can be induced to stiffen and release water to a
subdrainage system by the application of lime to
the surface.

The chemical and physical changes produced in
the montmorillonite soils by treating them with lime
are not considered permanent. Under conditions of
heavy rainfall, the artificially created hydrated cal-
cium silicates and aluminates may in time dissolve
and revert to their original form. In any lime appli-
cations to landslides, natural slopes, or fills, con-
tinuing physical and chemical tests should be made
to determine the necessity for repeated treatment.
Discovery of the fact that lime will react favorably
with so many of the soils of Brazil is perhaps a clue
to a solution of some of the problems presented by
the surficial deposits.

In soils containing other types of clays, other
chemicals may produce favorable stabilization re-
sults. Moum, Sopp, and Legken (1968) found in lab-
oratory tests that the stabilization of quick clays
of illitic-chloritic composition was markedly im-
proved by the addition of potassium chloride.

EXFOLIATION DOMES

Much has been done in the past to stabilize de-
composed bedrock, dangerous-appearing slabs on
exfoliation domes, and weathered out blocks; much
work is in progress in the city at present. The iden-
tification of potentially unstable rock is essential to
the safety of the people and the many fine buildings
in the city.

At many unstable-appearing rock slabs, the ex-
foliation joints can be traced along the surface
above the slabs. Some of the joints are narrow and
tight; some are more open. Others are obscured by
soil and vegetation. The water entering these joints
from above and the prying action of roots of trees
and other vegetation tend to reduce stability of the
rock.

Plans are being formulated for a large-diameter
interceptor, or sewer, which would carry flood-
waters and sewage from a major part of Rio de
Janeiro to a pumping plant at the ocean edge. It
would lie below sea level and would run in a north
to south direction. The southern section would pass
through the mountains which separate the Lagoa
and the Ipanema districts from the Copacabana dis-
trict (fig. 7).

One of the problems that arises with plans for
the tunnel through Cantagalo Rock (Morro do Can-





































































