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The Amazon, the world's largest river, discharges an 
average of about 4,000 billion gallons of water per day 
at its mouth-enough to provide the fresh water needs 
of the City of New York for over nine years. Its flow 
accounts for about 15 percent of all the fresh water dis
charged into the oceans by all the rivers of the world. 
By comparison, the Amazon's flow is over four times 
that of the Congo River, the world's second largest 
river, and is 10 times that of the Mississippi, the largest 
river on the North American Continent. 

Man has been fascinated by the Amazon-its huge 
size, challenging frontier, and natural beauty-since it 
was discovered in 1500 by the Spanish explorer Vicente 
Yanez Pinzon. Since the 16th century, only a few other 
explorers (among them Theodore Roosevelt) have 
traveled in the Amazon Basin and until recently, only 
a small amount of water resource data has been 
gathered about this huge South American waterway. 

The Amazon River is fed by more than 200 tributaries, some of 
which are more than 1000 miles long. 
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Much of the first detailed information on the river's 
tlow and quality was gathered in 1963 and again in 
I 964 when, in cooperation with the University of Brazil 
and the Brazilian Navy, a team of U. S. Geological 
Survey scientists conducted hydrologic investigations on 
the Amazon to measure its {low, physical character
istics, and chemical composition. 

These initial research expeditions were followed by 
engineers of Hidrologia Commercial, an industrial 
organization under contract to the Department of 
Mines and Energy of Brazil, who in May 1967 began 
making measurements of the Amazon's flow at Obidos, 
a key measuring point, and reestablished the staff gage 
at the Obidos site usee! by the Brazilian government 
from 1928 to 194 7. The U. S. Geological Survey has 
continued its close cooperation with the Brazilian 
Government in studying the Amazon, and assisted by 
the Brazilian engineers, made special flow measure
ments in I 96<) and in 1972 using the newly developed 
" moving boat" method. 

* * * 
The Amazon begins its eastward flow from a chain 

of glacier-fed lakes la

THE BASIN cated high in the Andes 
Mountains in central 

Peru. Lago Lauricocha, a small mountain lake, is the 
actual source. The headwaters are small, rapidly flow-
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ing mountain streams that finally join in a mainstream. 
Emerging from the eastern Andean foothills , the river 
sweeps through the world's largest tropical rain forest, 
which ranges from 500 to 600 miles wide where the 
lowlands meet the Andes to 200 miles wide along the 
Atlantic Coast. 

Enroute to the sea, the Amazon receives drainage 
from about 2.3 million square miles of land, an area 
close to three-quarters the size of the conterminous 
United States, and over 200 tributaries, some more 
than 1,000 miles long, empty into the Amazon. 

Geologists have theorized that millions of years ago 
a large freshwater lake covered the entire area of the 
present drainage basin. A general uplift occurred , and 
now a mass ive rain forest covers the area formerly 
occupied by that ancient lak e. The wet tropical climate 
continually refurbishes the forest's growth . Sometimes 
described as the world's most spectacular greenhouse, 
the forest contains as many as 3,000 plant species per 
square mile . Except along the river, howeve r, the forest 
has little of the undergrowth that is associated with 
jungle terrain. 

In fact, the soil in the basin has been so thoroughly 
washed of mineral content by heavy rain that it is not 
sufficiently fertile for most agricultural crops except 
along the flood plains where the river's ove rflow has 
deposited rich layers of soil. 

The Amazon investigations were conducted along the lowe r 900-mile 
stretch or the ri ve r from Bel em to Manaus. 
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AMAZON 
RIVER 
BASIN 

The massive Amazon River Basin covers 2.3 million square miles, 
an area nearly three-fourths the size of the conterminous United 
States. 

Contrary to popular assumptions, the climate in the 
area is not limited to exceedingly high temperature. 
Actually the average temperature is about 86°F, with 
a range of 4 op between the warmest and coldest 
months. The humidity is high, generally being about 
85 percent even during the driest season. Rainfall 
ranges from 50 to 120 inches per year and averages 
about 80 inches over the entire basin with the heaviest 
rainfall occurring from January to June. This heavy 
rainfall over such a large area accounts for the 
Amazon's high rate of flow. 

For many years man made small progress in the 
development of the Amazon basin. Until the advent of 
commercial airline service between the larger cities of 
the Amazon basin, transportation was limited to boat 
travel on the river. The basin is currently the subject 
of much interest because of the disclosure of the great 
mineral and hydroelectric potentials within it. The 
Brazilian government's plans for development of the 
basin are the subject of much speculation and of varied 
interest. The Belem-Brazilia highway carries heavy 
truck and bus traffic as well as passenger vehicles. The 
Trans-Amazon highway was, in 1972, open to all traffic 
from the Belem-Brazilia highway to the Tapajos River 
and to passenger vehicles from Belem to Santarem. 
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Completion of the highway to the western border of 
Brazil is expected in the mid-1970's. In October I 972 
plans were announced for a new highway that will skirt 
the northern boundaries of Brazil, starting at the north
ern bank of the Amazon's mouth and opening up the 
unsettled territories adjacent to the borders with 
French Guiana, Surinam, Guyana, Venezuela, Colum
bia and Peru and connecting with the western terminus 
of the Trans-Amazon highway. Settlement along the 
Trans-Amazon has been rapid, and a comparable rate 
of settlement is expected along the border route. 

* * 

MISSISSIPPI 
CHANNEL 

v 
AMAZON CHANNEL 

Comparison of channel cross sections of the Amazon River at 
Obidos and the Mississippi at Vicksburg. 

The Amazon flows in an unusually straight course 
from the Andes to the 

THE RIVER Atlantic Ocean. The 
mainstream is naviga

ble by ocean-going ships as far as Iquitos, Peru, about 
2,300 miles from the river's mouth. Smaller boats are 
able to travel about 450 miles further upstream. 

The channel width generally ranges from 11/z to 3 
miles wide and in some places is 5 to 6 miles wide. 
The river's depth ranges from 20 to 40 feet ncar its 
mouth to more than 300 feet at many places along the 
lower 900-mile stretch of the river. 

Other large rivers of the world have a significantly 
greater range between high flows to low flows than 
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the Amazon. Its high to low-flow ratio is about 5 to 1. 
an uncommonly small dillerence between flood stages 
and low flows. During periods of high !low the river 
may spill over its flood plain, while during periods of 
low flow, drought conditions prevail in parts of the 
basin . The chief reason for the relatively small differ
ence between the high and low flows of the Amazon is 
that the high llows of the two major tributaries, the 
Rio Negro and Rio Solimoes. occur at dillerent periods 
during the year. As a result, the Amazon has a tend
ency toward constant flow. 

A second reason for the small clillerence between 
high and low flows is that the Amazon has constructed 
a natural reservoir system. Many large, shallow lakes 
flank the river along the lower parts of its flood plain. 
These lakes are connected with the river through a 
maze of small streams and channels that branch off 
the mainstream and then rejoin it. The lakes maintain 
the same water level as the Amazon and serve to regu
late the river's flow. 

The Amazon's average now rep resents 15 percent of all the fresh 
water di scharged into the oceans by all the world's rivers. 
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The Amazon's least known flow is larger than the greatest known 
flood of the Mississippi River. 

Several of the larger tributaries of the Amazon form 
lakes that also act as reservoirs that range from 5 to 10 
miles wide and as much as 100 miles long. Some of 
these tributary lakes empty into the mainstream 
through mouths more than a mile wide, and during 
periods of high flow the mouth of the Amazon itself 
gives the appearance of a submerged world, with wide 
expanses of water interspersed with strips of land. 

Not only is the Amazon the largest river on earth, 
but its waters are among the purest. In some places, 
water tested by hydrologists of the joint United States
Brazil expedition was found to have a chemical purity 
nearly equivalent to that of distilled water and greater 
than that of tap water in the United States. One reason 
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for the water's purity is that the heavy rainfall in the 
basin has almost completely washed the soil of readily 
soluble minerals that adversely affect the chemical 
purity of a river. The natural reservoir system also 
exerts a beneficial influence on the Amazon 's water 
quality by allowing sediment to settle out before the 
water re-enters the main channel. 

One of the most notable characteristics of the 
Amazon is the strong tidal action that affects its water 
for several hundred miles from its mouth. In addition 
to this normal tidal eft"ect, a hydraulic phenomenon 
called a tidal bore (pororoca by Brazilians) sometimes 
presses upstream at I 0 to 15 miles per hour in the 
river's channel north of Marajo Island, with a breaking 
wall of water several feet high. 

Unlike most rivers , the Amazon does not build a 
delta. Instead, the river's high rate of discharge trans
ports its small amount of sediment far out to sea, where 
it is intercepted by ocean currents and deposited along 
the coast of northern Brazil and the Guianas. 

10 



AMAZON RESEARCH 
EXPEDITIONS 

The joint United States-Brazilian scientific team 
carried out investigations in July 1963 during the 
Amazon's period of high flow; in November 1963 dur
ing its low flow, and in August 1964 during a period 
of intermediate flow. 

The primary objective of the expedition was to 
measure the discharge of water, dissolved solids, and 
suspended sediments of the world's largest river, and 
to substantiate theories on river behavior that were 
based on data gathered from the comparatively small 
rivers in the United States. A secondary objective of 
the te~m's work was to provide precise data on the 
Amazon to scientists studying the massive transport 
of dissolved solids and sediments from the continents 
to the oceans. The lack of data for discharge and dis
solved solids of the Amazon had seriously hampered 
the work of these scientists in computing the amount of 
dissolved solids carried by the earth's rivers into the 
seas. 
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Modern electronic equipment was used to measure each subdivision 
of the Amazon's cross section. 

Hydrologists in the United States generally measure 
rivers from fixed platforms such as bridges and from 
cars hung from cables strung across the river channels. 
Because the Amazon lacks such structures , a Brazilian 
Navy vessel was used as a lloating work platform. The 
expedition assembled at Belem , where the vessel was 
outfitted with a boom and electrically driven winch that 
lowered a current meter, sounding weight, sediment 
sampler. and other equipment to a desired depth in 
the river. Measurements of distance from ship-to-shore 
during the process of measuring the di scharge were 
m ade with a modern electronic instrument-the 
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Tellurometcr. A theodolite (a surveying instrument 
used to measure horizontal angles) located on shore 
at one end of the river cross section was used to orient 
the ship on the section and measure the ship's 
upstream-downstream deviation from the section dur
ing observations. 

Measuring the discharge of a nver requires deftness 
and skill-especially from a ship that must fight the 
restless currents of the Amazon. In measuring the dis
charge of the river, hydrologists of the team followed 
the standard Geological Survey procedure of dividing 
the river into 25 to 30 subsections and measuring the 
discharge of each. 1n this way, the sum of the f1ow in 
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all the subsections is the total flow for the entire cross 
section of the river. This method minimized errors and 
produced results of desirable accuracy. 

At each point where the Amazon's flow was meas
ured, suspended-sediment samples were taken at 
several depths, and samples of riverbed material were 
collected. As the ship traveled up and down the river, 
water temperatures were recorded, and samples of 
water were collected for determining chemical quality. 

The results of the 1963-64 research expedition 
encouraged the Brazilian government to undertake a 
more systematic data collection program in the Amazon 
basin. Engineers of Hidrologia Commercial, under con
tract to the Brazilian government, began making dis
charge measurements at Obidos in May 1967. They 
used essentially the same procedure for measuring 
depth and velocities in subdivisions of the channel as 
was used in 1963 and 1964. 

In June 1967 and in November 1969, scientists from 
the U. S. Geological Survey, working with the Brazilian 
engineers. introduced the "moving boat" method of dis
charge measurements. In this method the measuring 
boat moves continuously across the measuring section 
at a velocity such that the heading of the boat forms 
an angle of about 45 degrees with the line of the cross
section. Continuous recordings are made of the river 
depth from a sonic sounder and of velocity from a 
current meter and vane assembly-the resultant 
velocity being the combination of the boat's transverse 
velocity and the stream's velocity. Frequent readings 
of the angle between the cross-section and the direction 
of the current meter vane are taken manually and 
recorded. The resulting measured discharge is readily 
computed with an electronic digital computer. The 
method is both accurate and speedy-one complete 
measurement can be made at Obidos in about one 
quarter hour. Thus several discharge measurements 
can be made in one day and the average of them used 
as the final result. The Brazilian engineers have used 
the "moving boat" method since October 1971. 

Brazilian engineers made eight measurements at 
Obidos between May l 967 and June l 972. These 
measurements range from a low of 2, 990,000 cubic 
feet per second to a high of 8,330,000 cubic feet per 
second. 
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Survey engineers used a current meter. such as the one being winched 
in the water here. to aid in their studies of the Amazon . 

Examination of recent low-level aerial photographs 
taken during the high-water period shows that the 
bypass flow acwss the Obidos flood plain through such 
lakes as Lago Grande de Villa Franca may be a sig
nificant percentage of the main channel discharge. 
Bypass flow is believed to become significant above a 
river stage of 20 feet and should be measured to get 
an accurate value of the river's total flow. The Brazilian 
engineers plan to collect data on the quantity of the 
overflow so that the true long-term average discharge 
at Obidos can be calculated. 
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Map by Defense Mappi"g Agency, Puru~ and Manaus Quadrangles, 1948 
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One of the latest phases in the scientific exploration 
of the Amazon is being carried out from a height of 
about 570 miles by NASA's Earth Resources Tech
nology Satellite (ERTS-1 ). Scientists from the Geo
logical Survey and Brazil have used the satellite 
imagery to update maps of the Amazon basin and to 
plot recent changes in the ri ve r channel. They hope 
that additional and repeated imagery taken at different 
wavelengths will help them understand such aspects 
of the river as the distribution of sediment and the 
response of the river to snowmelt in the highlands. 

Despite the advent of satellite imagery and remote 
sensing techniques , much of the research effort on the 
Amazon remains hard and exacting work. The earlier 
expeditions provided earth scientists and geographers 
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Image by National Aeronautics ond Spoce Administration, 1972 
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Imagery, such as sho wn above. gained fr om the ERTS - 1 satellite 
helps in the revisi on o f maps of the Amazon basi n such as the !948 
edition shown on the facing page. 

with th e first prec ise hydrologic info rmation about the 
Amazon and made obsolete previous estimates of the 
river's flow. Th e continuing studies of the velocities, 
depths, and width s of thi s la rgest rive r have substanti
ated theories tha t had been based only on th e relatively 
small ri ve rs of th e Un ited States. The information 
gained should be of direct benefit to Brazil as it 
attempts to develop and manage th e world 's greatest 
freeflowing freshwater resource. Further. the research 
expeditions have served to close a gap in h yd rologic 
knowledge that has existed in th e library of world 
hydrology and in doing so provided another incremen t 
to man's knowledge of his planet. 

* * * 
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FACTS ABOUT THE 
AMAZON RIVER 

The hydrologic investigations of the Amazon have 
revealed: 

• The Amazon is the mightiest river on earth; it drains 
a basin of 2 .3 million square miles and discharges 
almost 3 billion gallons of water per minute at its 
mouth. This discharge is over four times that of the 
Congo River, the greatest river on the African Con
tinent, and ten times that of the Mississippi River, 
North America's largest river. 

• Measurements indicate an average flow of about 
5.35 million cubic feet per second (cfs) or 214 
billion gallons per minute (bgm) at Obidos, Brazil, 
about 400 miles upstream from the river's mouth. 
An average flow of slightly more than 6 million cfs 
(2. 7 bgm) is indicated at the mouth of the river 
where it empties into the Atlantic Ocean . By com
parison, the Mississippi River has an average flow of 
560,000 cfs (0.2 bgm) at Vicksburg, Mississippi 
(about 350 miles above the river's mouth) and an 
average flow of 620,000 cfs (0.28 bgm) at the 
mouth of the river where it empties into the Gulf of 
Mexico. 

• The flow of the river at Obidos was measured at 
7,640,000 cfs in July 1963 (high stage); 2,560,000 
cfs in November 1963 (low stage) ; and 5,810,000 
cfs in August 1964 (intermediate stage) . The highest 
discharge rate measured by Brazilian engineers up 
to June 1972 was 8,330,000 cfs. 

• At least ten places along the 500-mile stretch 
between the mouth of the river and Obidos were 
found to have depths of 300 feet or more, thus 
revealing that the bed of the river is well below sea 
level. 

• The Amazon is one of the cleanest rivers on earth; 
its chemical purity is near that of distilled water
better than that of most public water supplies in the 
United States. 
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• For long reaches of the river, the bed of the Amazon 
was found to be a series of moving and rippling 
sand dunes. Beneath the sand layer is a dense, gray 
clay. 

• The year-round water temperatures of the Amazon 
. river between Bel em (at the river's mouth) and 
Mana us (at the junction between the Amazon and 
the Rio Negro) range from 84°F to 86 °F. The 
temperature profiles taken from the sutiace to the 
bottom show that mixing of the river by turbulence 
maintains a constant temperature throughout the 
river's depth. 

• Current-meter observation<; show unifo rm distribu
tion of velocities a t each measured cross section. 

:;: * * 

(from material prepared by Roy Oltman) 
:;: :;: ·•· 

For further informat ion on this mightiest of the world's 
rivers refer to U. S. Geologica l Survey Circulars No. 
486 "Amazon River Inves tigation Reconnaisance 
Measurements of July 1963" and No. 552 "Recon
naisance Invest igations of the Discharge and Water 
Quality of the Amazon River." 
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