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FOREWORD

The Rio Orinoco is one of the great rivers of the world. It drains about 900,000 square kilometers
and discharges to the ocean an average flow in excess of 36,000 cubic meters per second and an average
sediment load of about 7,600 kilograms per second (240 million tonnes per year), ranking it third
largest in the world in terms of flow to the oceans and sixth largest in terms of sediment loads. It is an
international river, draining parts of Colombia and Venezuela, and forming the boundary between
these two nations along some 300 kilometers of its course.

The basin is rich in natural resources, containing extensive fields of petroleum and natural gas,
including the largest proven reserve of heavy crude oil in the world, and rich deposits of bauxite, iron
ore, gold, diamonds, and other mineral wealth. Its renewable resources include its forests, fish and
wildlife, agriculture and grazing lands, and most important, its waters. The basin is not developed to any
great extent; large parts of the watershed still are undisturbed. Although it accounts for 70 percent of
the nation’s land, it supports only 5 percent of the population. This situation, though, is likely to change
in the near future. The development of the Rio Orinoco’s natural resources is the key to Venezuela’s
future.

In 1981, Project Orinoco-Apure was organized under the auspices of the Venezuelan Ministerio
del Ambiente y de los Recursos Naturales Renovables to serve as the focal point and coordinating body
for scientific studies of the resources of the basin and for feasibility studies and preliminary planning
of its development. An important part of the project effort was directed to investigations of the basin’s
water resources. In 1982, the United States Geological Survey and the Venezuelan Ministerio del
Ambiente y de los Recursos Naturales Renovables agreed to collaborate in a series of scientific studies
of the Rio Orinoco and its major tributaries. A strong foundation already had been laid for the
hydrology of the basin with the establishment of a gaging and sediment sampling program in 1965, but
by 1980, the program had becn substantially reduced. Data on the bed sediments of the rivers and on
the sediment transport were especially sparse. The main emphasis of the collaboration therefore was
directed toward sediment studies. The studies had three principal objectives: (1) to develop and test
new technology for measuring the water and sediment discharge of large tropical rivers, (2) to
determine the characteristics of the bed material and suspended sediment of the major rivers of the
basin, and (3) to provide measurements and samples that along with the existing hydrologic
information would provide a set of baseline scientific data against which future changes in the basin
could be measured. Between March 1982, and June 1985, seven major campaigns to collect data along
the river and in the major tributaries were completed, and the collaboration expanded considerably to
include participation of engineers, scientists, and consultants from universities, private enterprises, and
other government agencies of Venezuela, Colombia, and the United States.

At the beginning of the collaboration, it was agreed that the results of these studies would be
made available to the scientific community. A few short papers have been published in symposium
proceedings and in technical journals, but the main results and all the basic data are contained in this
series of reports. Each chapter is self-contained; taken together, they provide comprehensive data and
analyses of the waters and sediments of the Rio Orinoco and its major tributaries in Venezuela and
Colombia. The results of these studies should be of interest and a value to anyone who is concerned
with large tropical rivers.

Dallas L. Peck Guillermo Colmenares F.
Director Minister
United States Geological Survey Ministerio del Ambiente y de los

Recursos Naturales Renovables
Republica de Venezuela
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Sedimentary Structures and Textures of Rio Orinoco

Channel Sands

By Edwin D. McKee

ABSTRACT

Most sedimentary structures represented in sand
bodies of the Rio Orinoco are tabular-planar cross-strata
which, together with some wedge-planar cross-strata, are the
products of sand-wave deposition. Locally, in areas of river
meander where point bars characteristically form, trough
structures forming festoon patterns are numerous. At a few
localities, sets of nearly horizontal strata occur between
tabular-planar sets and are interpreted to be the deposits of
very fast currents of the upper flow regime; elsewhere,
uncommon lenses and beds of silt, clay, or organic matter
consisting of leaves and twigs, seem to be the result of
quiet-water settling through gravity.

By far the most common grain size represented in the
tabular-planar and wedge-planar cross-strata of the sand-
wave deposits is medium sand (Y-2 millimeter) as deter-
mined by screen analyses. Many samples, however, also
contain moderate quantities of coarse or very coarse sand.
Eolian dunes on top of the sand-wave deposits are
dominantly fine grained. The river channel sands were
determined to be largely moderately well sorted, although in
some places they were mostly well sorted, and in others,
mostly moderately sorted.

INTRODUCTION

Sedimentary structures and textures of Rio Ori-
noco channel sands in Venezuela were studied during
March 1983, when the river was at low stage. The project
was conducted as one of a series of studies on hydrology,
water chemistry, and other aspects of the Rio Orinoco,
most of which are described and discussed in chapters of

U.S. Geological Survey Water-Supply Paper 2326. Work
was done largely during a trip on the barge Duida from
Puerto Ayacucho downriver to Ciudad Guayana (fig. 1).
Some preliminary work was done in small boats up-
stream as far as Santa Barbara, but mostly the studies
were conducted along the banks and on emergent bars
accessible from the Duida.

The sedimentary-structures work was conducted
contemporaneously with other river studies wherever
opportunity permitted. Carl Nordin, in general charge of
the program, and Robert Meade and Clare Cranston, of
the U.S. Geological Survey, contributed greatly to the
sedimentary studies, in addition to their individual assign-
ments. Two groups of Venezuelan geologists and
hydrologists participated in the detailed program of
trenching, sampling, and measuring. One group, con-
sisting of David Pérez Herndndez, Antonio Ahogado,
and Ricardo Smith, helped on the upstream reach as far
downstream as Cabruta; this group was then succeeded
by Alfredo DeLeon and Alfred Viloria. Appreciative
thanks for assistance is due to all of these men. For help
in the work upstream from Puerto Ayacucho, thanks are
extended to Lois and Omar Hernindez. Finally, for
assistance and encouragement involving the entire
research project, thanks are given to Dr. Abel Mejia,
Project Coordinator.

TERMINOLOGY USED FOR
SEDIMENTARY STRUCTURES

Definitions of terms adopted for use in the
accompanying report are largely those used in the

Sedimentary Structures and Textures of Rio Orinoco Channel Sands B1
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Figure 1. Location of study reach along Rio Orinoco, Venezuela.

monograph of the Supai Group of Grand Canyon
(McKee, 1982). For the convenience of the reader some
of the more common terms, especially those involving
quantitative designations, are presented here as a

glossary. This list is not intended

than one way in recent literature.
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to be inclusive, but

rather a list of selected terms that seem to be ambiguous
and in a number of examples have been used in more

























































Table 2. Sediment-size classification based on Wentworth scale
[mm, millimeters]

Limiting
dimension Pieces Aggregate Indurated rock
(mm)
Boulder ............... Boulder gravel ......... Boulder conglomerate.
256
Cobble ................ Cobble gravel .......... Cobble conglomerate.
64
Pebble ................ Pebble gravel .......... Pebble conglomerate.
4
Granule ............... Granule gravel ......... Granule conglomerate.
2
Very coarse sand grain .. Very coarse sand ....... Very coarse sandstone.
1
Coarse sand grain ...... Coarse sand ........... Coarse sandstone.
1/2
Medium sand grain ..... Medium sand .......... Medium sandstone.
1/4
Fine sand grain ........ Finesand .............. Fine sandstone.
1/8
Very fine sand grain .... Very fine sand ......... Very fine sandstone.
1/16
Silt particle ............ Silt ... Siltstone.
17256
Clay particle ........... Clay ....oviviiiinennnn. Claystone.

Table 3. Particle-size distribution in some trough structures

Percent
Sand i .
Pebble Granule Very Very Silt and Figure
Locality coarse Coarse Medium Fine fine clay No.
Puerto Ayacucho ..... 0.0 0.0 0.39 4.58 40.32 44.40 9.58 0.01
Rio Meta:
Las Caracaras
(pebbly) ............ 0 1.84 20.68 51.19 22.56 2.88 .50 .003 6, 8

Rio Apure ........... .17 .66 .33 .67 45.85 50.00 1.99 .003 7
Rio Apure ........... .09 .57 3.02 14.92 58.17 22.29 .75 .002 7

Table 4. Particle-size distribution of lag deposits in sand waves and of eolian dune deposits

Percent
| | 2and silt and
Pebble Granule Very Very ilt an
Locality coarse Coarse Medium Fine fine clay
Lag deposits

Isla Ceiba ............ 14.30 38.79 12.45 12.18 12.85 8.51 0.79 0.001

Trapichote ........... 11.42 51.58 27.87 5.79 2.72 .96 0 0

Rio Meta ............ 6.80 28.77 22.46 13.87 15.12 8.81 3.49 .010

Eolian dunes
Punta Brava .......... ] ] 0 13 40.29 57.36 1.96 .003
Rio Cuchivero ........ 0 .35 35 .18 30.50 62.36 6.38 .002

Sedimentary Structures and Textures of Rio Orinoco Channel Sands B21



Table 5. Average size and uniformity of sand grains

. Structure Mear.w grain ' Graphic. st.andard Sorting

Locality tvpe size Size class deviation classification
P (phi units) (phi units) ¢

Trapichote .......... Tabular-planar. ..... 1.84 Medium sand ...... 0.57 Moderately well sorted.
Trapichote .......... Nonstratified ........ -.08 Very coarse sand ... 1.60 Poorly sorted.
Puerto Ayacucho .... Tabular-planar ...... 1.84 Medium sand ...... .59 Moderately well sorted.
Puerto Ayacucho .... Nonstratified ........ 2.77 Finesand .......... .76 Moderately sorted.
Puerto Ayacucho .... Trough festoon ..... 2.12 Finesand .......... .70 Moderately well sorted.
Puerto Ayacucho .... Lens ............... .25 Coarse sand ....... 1.11 Poorly sorted.
Isla Ceiba .......... Tabular-planar ...... 1.14 Medium sand ...... .65 Moderately well sorted.
Rio Meta ........... Trough festoon ..... 1.28 Medium sand ...... .38 Well sorted.
Rio Meta ........... Wedge-planar ....... 1.58 Medium sand ...... 52 Moderately well sorted.
Rio Meta ........... Wedge-planar ....... .15 Coarse sand ....... 1.05 Poorly sorted.
Rio Meta ........... Wedge-planar ....... 1.10 Medium sand ...... .85 Moderately sorted.
Rio Meta ........... Trough festoon ..... .55 Coarse sand ....... .75 Moderately sorted.
Rio Meta ........... Trough festoon ..... 2.33 Finesand .......... 41 Well sorted.
Babilla Flaca ........ Tabular-planar ...... -.26 Very coarse sand ... 75 Moderately sorted.
Babilla Flaca ........ Tabular-planar ...... .10 Coarse sand ....... .65 Moderately well sorted.
Babilla Flaca ........ Tabular-planar ...... .58 Coarse sand ....... .59 Moderately well sorted.
Babilla Flaca ........ Tabular-planar ...... .05 Coarse sand ....... .67 Moderately well sorted.
Babilla Flaca ........ Tabular-planar ...... .67 Coarse sand ....... .60 Moderately well sorted.
Babilla Flaca ........ Tabular-planar ...... 1.27 Medium sand ...... .39 Well sorted.
Babilla Flaca ........ Wedge-planar ....... -.38 Very coarse sand ... .78 Moderately sorted.
Babilla Flaca ........ Wedge-planar ....... 1.17 Medium sand ...... .46 Well sorted.
Rio Apure .......... Trough festoon ..... 1.94 Medium sand ...... 41 Well sorted.
Rio Apure .......... Lens ............... 1.73 Medium sand ...... .33 Very well sorted.
Rio Apure .......... Trough festoon ..... 1.53 Medium sand ...... .64 Moderately well sorted.
Rio Apure .......... Trough festoon ..... 2.00 Fine sand .......... 41 Well sorted.
Rio Apure .......... Wedge-planar ....... 2.16 Fine sand .......... .19 Poorly sorted.
Parguaza ........... Tabular-planar ...... 1.70 Medium sand ...... .56 Moderately well sorted.
Parguaza ........... Tabular-planar ...... 1.60 Medium sand ...... .61 Moderately well sorted.
Santa Maria ........ Tabular-planar ...... 3.18 Very fine sand ..... .45 Well sorted.
Curiquima .......... Tabular-planar ...... .65 Coarse sand ....... .90 Moderately sorted.
Curiquima .......... Tabular-planar ...... 1.63 Medium sand ...... 52 Moderately well sorted.
Curiquima .......... Tabular-planar ...... 1.24 Medium sand ...... .30 Very well sorted.
Curiquima .......... Flow toes ........... 51 Coarse sand ....... .90 Moderately sorted.
Curiquima .......... Tabular-planar ...... 1.36 Medium sand ...... .36 Well sorted.
Curiquima .......... Horizontal .......... 1.62 Medium sand ...... 2.63 Very poorly sorted.
Cuchivero .......... Tabular-planar ...... 2.55 Finesand .......... .62 Moderately well sorted.
Cuchivero .......... Eolian dune ........ 2.26 Fine sand .......... .48 Well sorted.
Cuchivero .......... Eolian dune ........ 2.09 Finesand .......... 31 Very well sorted.
Cuchivero .......... Tabular-planar ...... 2.39 Fine sand .......... .40 Weli sorted.
Cabruta ............ Wedge-planar ....... 6.99 Medium silt ........ 5.50 Well sorted.
Cabruta ............ Wedge-planar ....... 1.40 Medium sand ...... 54 Moderately well sorted.
Musinacio .......... Tabular-planar ...... -.03 Very coarse sand ... .73 Moderately sorted.
Musinacio .......... Tabular-planar ...... 1.49 Medium sand ...... 47 Well sorted.
Musinacio .......... Tabular-planar ...... 1.70 Medium sand ...... .34 Very well sorted.
Musinacio .......... Tabular-planar ...... 1.69 Medium sand ...... 35 Well sorted.
Musinacio .......... Flow toes ........... .95 Coarse sand ....... .74 Moderately sorted.
Musinacio .......... Flow toes ........... 1.37 Medium sand ...... .76 Moderately sorted.
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