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GEOLOGY AND MINERAL RESOURCES OF PARAGUAY—A RECONNAISSANCE

By Epwin B. EckeL

ABSTRACT

Although this report includes the results of a 6-month recon-
najssance investigation of the geology and mineral resources of
Paraguay, it is essentially a compilation and interpretation of
existing published and unpublished information on the subject.

The rocks can be divided into five major classes, depending on
age and mode of origin. The oldest are of Precambrian age,
here subdivided into an older group of metamorphic rocks and
a younger group of granitic rocks. They are a part of the Bra-
zilian shield and underlie the entire country but are exposed at
the surface in only a few places. The second group consists of
marine sedimentary rocks and ranges in age from Cambrian or
Ordovician through Early Devonian. It comprises three map-
pable units, here called the Itapucumf series, the Caacupé series
and the Itacurubi series. The third group, which ranges from
Pennsylvanian through Triassic in age, constitutes the Gond-
wana or Santa Catarina continental clastic sedimentary rocks
known in a large part of South America. This group is divisible
into three map units—the Tubario series of glacial deposits, the
Independencia series, and the Misiones sandstone, and, like the
marine beds of Paleozoic age, is much thinner in eastern Paraguay
than it is in parts of the Gran Chaco in the western half of the
country. The fourth group is Tertiary to Recent in age and
consists in large part of unconsolidated clay and sand of conti-
nental origin. These materials are very thin in most of eastern
Paraguay, but they cover nearly all of the Gran Chaco to depths
as great as 2,000 feet.

The fifth large group of rocks consists of igneous extrusive and
intrusive rocks, mostly of basic composition. The most im-
portant single member is the Serra Geral basaltic lava, of Late
Triassic or Jurassic age, which covers the eastern edge of the
country and extends far into Brazil. Associated with the Serra
Geral lavas are many smaller bodies of intrusive diabase, ex-
trusive basalt, and possibly other rocks. There are also many
intrusive anrd extrusive igneous rocks whose age is unknown.
Some are strongly alkalic and of considerable interest petro-
graphically; some may be related in age and origin to the Serra
Geral lavas, but for others there is strong evidence that they are
no older than late Tertiary. Chemical and spectrographic
analyses of a number of samples of the igneous rocks are included
in the report.

The geologic structure of Paraguay appears to be relatively
simple in its grosser aspects, but little is known of even the larger
features. In the eastern half of the country the beds dip gently
eastward toward the great Parang basin of southeastern Brazil.
This easterly dip appears to reverse along the axis of a low anti-
cline that trends north-south only a few kilometers east of the
Rio Paraguay and exposes the older sediments and the Precam-
brian basement rocks at the surface in many places. West of
this axis the beds either dip steeply westward, or are downfaulted
to the west, into the depths of the Gran Chaco basin. The rocks
in this basin are, in places, at least 10,000 feet deeper than they

are in eastern Paraguay; west of the basin, in eastern Bolivia,
they rise to the surface in a series of anticlines and synclines that
form the foothills of the Andes.

Paraguay possesses large quantities of certain nonmetallic
mineral resources, notably clays for brick, tile, and pottery;
limestone and other raw materials for portland cement and for
lime; common and ornamental building stones; glass sand; tale;
and mineral pigments. Except for iron ore, of which there are
many small but rich deposits, Paraguay appears to be poorly
endowed in most other mineral resources. It has a little man-
ganese, copper, mica, and beryl and there are good geologic
reasons for hoping that worthwhile deposits of salt, gypsum, and
bauxite may yet be discovered.

Aside from wood, and water power that is both remote and
undeveloped, the only known source of fuel or energy lies in
some little-known peat deposits near Pilar. Petroleum may
exist in the Gran Chaco basin, but proof of its presence must
await a willingness on the part of Paraguayan or other investors
to risk much more money than has already been spent in one
exploratory campaign.

Besides the available facts on all of the country’s known and
reported mineral resources, a number of suggestions are given
for establishing local industries that could provide mineral
products for local use and conserve some of Paraguay’s foreign
exchange. By all odds the most valuable and promising of
Paraguay’s mineral resources are the water resources, both
surface and underground, and the soils.

INTRODUCTION
PRESENT INVESTIGATION

The investigation recorded here was a part of the
United States’ Point Four program of giving technical
aid to underdeveloped countries. The author was
assigned by the U. S. Geological Survey to act as
geologic technical advisor to the Government of Para-
guay under the auspices of the Institute of Inter-
American Affairs. He was in Paraguay from February
25 through August 6, 1952, In addition to the work
whose results are recorded here, his duties included
advice on the establishment and maintenance of a
Department of Geology and Mines, as well as the
related problems of staffing and training geologists and
engineers for such a Department. These latter duties
were discharged by means of official written and oral
communications to the Government of Paraguay.

This report contains a base map and a geologic map
that are as complete as can be expected from the facts
now available. The chief contributions of this report
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2 GEOLOGY AND MINERAL RESOURCES OF PARAGUAY

are that it assembles in one place most of the hitherto
widely scattered published information on the geology
of Paraguay; it contains a considerable amount of
hitherto unpublished information collected from vari-
ous sources; it presents new facts, based on modern
petrographic and chemical methods, on a few of the
igneous rocks; and it contains an objective summary
of the country’s mineral resources and its potentialities
as a mineral producer. This summary is not as opti-
mistic as many would hope, but it does point out a
few real possibilities and narrows the areas that most
deserve further study.

The report is, then, a compilation and interpretation
of existing information on the geology and mineral
resources of Paraguay based on a 6-month reconnais-
sance study, but if it were confined to recording per-
sonal observations during that period it would be a
“thin” report indeed. Travel conditions in Paraguay
are difficult at best, and were made somewhat more so
by greater than average rainfall during the winter of
1952. These and other tangible and intangible factors
permitted field work for considerably less than half
the total time available for the project. The author’s
personal observations were limited to a comparatively
small part of central Paraguay, plus spot studies at
the termini of a few airplane trips; these flights per-
mitted excellent aerial views of representative cross
sections of the country. These personal observations
were greatly supplemented by the use of aerial photo-
graphs, by the study of specimens in various museums
and private collections, and by data supplied by several
geologists and others who had observed and recorded
the geology at particular spots.

The facts gathered would, by themselves, have been
been utterly insufficient as a basis for a report of the
scope attempted here. Personal observations, sup-
ported by studies of the small collections of rocks and
fossils have, however, given a clearer understanding
of the existing literature cn the subject. They have
also given a modicum of confidence in this attempt to
gather published information on the geology of Para-
guay and to integrate it with facts observed by workers
in neighboring countries, where geologic knowledge is
more advanced than in Paraguay.

Throughout this report an effort has been made to
distinguish between fact and fancy as well as between
the author’s own contributions and those of others.
Since facts that are absorbed by the mind, regardless
of their source, have a tendency to emerge as new
discoveries, these efforts have doubtless been only
partially successful. The reader would, therefore, do
well to remember that the present author is a compiler
of scattered information, rather than a recorder of
his own observations. Naturally, he must bear respon-

sibility for all the interpretations, good or bad, that
have been drawn from the basic data.

PREVIOUS GEOLOGIC INVESTIGATIONS

A considerable body of knowledge on the geology and
mineral resources of Paraguay has been accumulated
through the years. Most of this information, however,
is widely scattered through the world literature of
geology, where it appears in several languages, or
exists only in unpublished files or in the memories of
individuals who have made observations of particular
spots or restricted areas. It should be remembered,
too, that until 1938 more than half of the Gran Chaco
belonged to Bolivia, hence descriptions of this area
in the older literature are referenced under the name
of that country. The pertinent literature that has
been found is listed in the annotated bibliography,
which contains a number of items that are not re-
ferred to specifically in the text. Such items have
served a purpose by providing needed background for
other facts and all will be of interest to future serious
students of the subject.

The most complete descriptions of the geology of
Paraguay that have appeared in print are the recent
papers by Harrington (1950, 1956). Unfortunately,
his work is limited to the eastern part of the country
and is based on only a few weeks fieldwork. Even with
these limitations, he was able to present a clear and
accurate picture of the stratigraphy and geologic his-
tory, one on which the present author has leaned very
heavily in preparing this compilation. The only other
comprehensive study of the geology known to the
author is that made by the Union Oil Company during
its exploration for petroleum in 1944-49. In addition
to the drilling of five deep wells, this company is under-
stood to have done reconnaissance geologic mapping of
the entire country, plus a very large amount of geo-
physical explorations in the Gran Chaco. Of the
information accumulated, only the records of the deep
wells and fossil identifications made by Dr. Horacio J.
Harrington are available for publication.

Among the older descriptions of the geology of eastern
Paraguay, those of Carnier (1911, 1913), supplemented
by Goldschlag’s (1913) chemical and petrographic
descriptions of Carnier’s rocks, are by far the most
useful; much dependence has been placed on them
here and in the compilation of plate 1. Kanter (1936)
gives the most complete description extant of the geology
of the Gran Chaco region. DeMersay (1860) and
DuGraty (1865) give far more complete accounts of
the country’s mineral resources than any more modern
workers and both give, in addition, many notes on the
geology. M. S. Bertoni (1921), A. deW. Bertoni (1939),
G. T. Bertoni (1940), Conradi (1935), and Boettne
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(1947, 1952) are the only Paraguayan writers who have
contributed materially to the literature; each of their
papers supplies data on areas or on phases of the geology
that are not to be found elsewhere.

Information gleaned from the literature on Paraguay
has been supplemented in part by unpublished facts
generously furnished by various individuals who have
visited parts of Paraguay. Another valuable source of
information is, of course, the literature on the geology
of the neighboring countries. The summary works of
Ahlfeld (1946) on Bolivia, of Oliveira and Leonardos
(1943) on Brazil, and of Stappenbeck (1926) on Argen-
tina are particularly helpful in understanding and
collating the relatively few scattered bits of knowledge
on Paraguay itself.

MAPS OF PARAGUAY

Base maps on a scale sufficiently large to use for
detailed geologic mapping are not available for any part
of Paraguay. There are, however, several sets of maps
that are adequate for reconnaissance investigations.

The Mapa Provisional de la Reptblica del Paraguay,
published in 1945 by the Instituto Geografico Militar,
is the best base map produced in Paraguay. Published
on a scale of 1:1,000,000 (1 ecm=10 km) as well as on
several smaller scales, it can be purchased from the
Instituto and from several book stores in Asuncién.
Though very generalized in many places, it is particu-
larly useful for its delineation of all roads and trails in
the country and for location of towns and settlements
and official spelling of their names. It contains no
information as to altitudes, but the main topographic
features are shown by shading.

Various sheets of the Carta Aerondutica de la Re-
ptiblica Argentina, published by the Instituto Geo-
griafico Militar of Argentina in 1945 and succeeding
years, cover the entire Republic of Paraguay. On
scales of both 1:500,000 and 1:1,000,000, they are not
easily available in Paraguay but can be purchased
“over the counter” from the Instituto Geogréifico
Militar offices in Buenos Aires. Like the Paraguavan
map described above, their portrayal of many natural
and cultural features is much generalized, but they
have great usefulness because of their detailed data on
aerial navigation. Perhaps even more important to the
geologist, they show the elevations of many points and
portray the shape of the land by means of reasonably
accurate contours at intervals of 100, 200, 500, and 1,000
meters.

The Asuncién, Corumbs, Rio Apa, Rio Pilcomayo,
Sucre, and Tucumén sheets of the World Map, of the
American Geographical Society published in 1940 and
succeeding years on a scale of 1:1,000,000, with topog-
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raphy shown in colors by 100-meter intervals, were
used extensively for checking place names and topo-
graphic relationships.

A set of preliminary base maps published in 1949
and succeeding years by the U. S. Aeronautical Chart
Service cover all of Paraguay except two small areas—
one along the Cordillera de Amambay in the north-
eastern corner, and the other along the upper reaches
of the Rio Paraguay, near the common junction of
Paraguay with Bolivia and Brazil. These maps, on
a scale of 1:500,000 (1 cm=5 km), are not readily
available to the public, but can be obtained for official
use from the Headquarters, Aeronautical Chart Service,
Washington 25, D. C. Prepared from trimetrogon
aerial photographs with little or no ground control or
field checking, they are inadequate as to identification
of towns and other human features. Their portrayal
of roads is even more inaccurate, particularly as to
their classification and usability. On the other hand,
the natural features such as streams and swamps are
shown far more accurately than they are on any
other maps known to the author. Land elevations
are shown by 1,000-foot (300 meters) contours and
by many point elevations. The detailed portrayal on
most of the sheets of forested and cultivated lands as
well as of swamps and other features is of incalculable
value to the reconnaissance geologist, not only because
they help to solve problems of location but because
all these features have geologic meaning when properly
interpreted.

In addition to the base maps mentioned apove, there
are aerial photographs for most of the country. Those
known to the author are the trimetrogon photographs,
taken by the U. S. Air Force in 1943 through 1945,
which were used in compilation of the preliminary
base maps described above. The pictures were taken
at altitudes of 20,000 feet, and cover virtually all the
country except the northeastern corner. The strips
of vertical pictures were extremely useful in both field
and office for studying and mapping geology. The
oblique pictures were also useful in studying general
relations, but they are not easily adapted to field
mapping without special trimetrogon stereoscopic
equipment that was not available in Paraguay at the
time of this investigation. Complete sets of prints
of the trimetrogon pictures are available for official
use in Washington, D. C., in the offices of the Aero-
nautical Chart Service and in Asuncién in the Instituto
Geografico Militar. In 1952, an exasperatingly in-
complete set of prints was also available in the Asuncién
office of the Institute of Inter-American Affairs.

All the maps and pictures described above and much
material from other sources were used in compiling the
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base for plate 1. The compilation was done under the
author’s direction by Mrs. Gladys Benedict of the
Geological Survey. This base, originally compiled
on a scale of 1:1,000,000 for reduction to the present
scale of 1:1,500,000, is as accurate as the source data
would permit and is far more accurate in most places
than the geologic map for which it was primarily
prepared. It admittedly lacks completeness in at
least two important respects—its portrayal of towns
and roads. To have shown all of the towns, forts
(fortin), ports (puerto), and ranches (estancia) that are
shown on other base maps of the country would have
cluttered this map unnecessarily; instead it was decided
to show only the more important places, plus smaller
ones whose names or locations were needed in describing
the geology. Similar decisions were made with regard
to roads. A great majority of the innumerable roads
shown on other base maps are only cart tracks; many
of them are difficult to find on the ground, and even
more difficult to travel during large parts of every
year. Only the more important roads—ones that are
believed to be usually the best means of access to the
towns shown on the map—are shown on plate 1. The
map user who is interested in other places will find
their approximate locations, and possible routes of
travel thereto, on some of the other base maps described
above. The traveler will also do well to make inquiry
of local inhabitants.

Most of the names of places or of natural features are
taken from the Guarani language or from a mixture of
Guarani and Spanish. Because many of these names
are descriptive of the local scene, some knowledge of
their meaning is helpful to any reconnaissance natural
scientist. The dictionaries of Bottignoli (1926) and
Ruiz de Montoya (1876) are helpful, as is a brief glos-
sary given by DuGraty (1865).
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GEOGRAPHY

Much of the material in this section is derived from
the report by Duerst (1952) and from other unpublished
reports on file in the Asuncién and Washington offices
of the Institute of Inter-American Affairs.

LOCATION AND AREA

Paraguay, one of the two land-locked countries in the
Americas, lies south of the center of South America,
between latitudes 19° and 28° S. and longitudes 54°
and 63° W. (fig. 1). The Tropic of Capricorn passes
through its center at the latitude of Concepciéon. The
total area of the country is about 407,000 square kilo-
meters, or 40.7 million hectares (157,000 square miles),
almost exactly that of California. Its extreme dimen-
sions, both from north to south and east to west, are
approximately 900 kilometers (570 miles). It is
bounded by Bolivia, Brazil, and Argentina. Approxi-
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bisects the Republic of Paraguay in its lower reaches,
and marks striking differences in topography, vegeta-
tion, and cultural development between the two parts
of the country. It has a total fall of only 250 meters in
its 2,500 kilometer course, and a speed through its
Paraguayan portion of 5 to 7 kilometers per bour. It
is several hundred meters wide in most places and is
generally navigable as far as Corumb4, Brazil, by ships
with 3-meter draft and even farther by smaller craft.
Its course is characterized by innumerable meanders
and by frequent channel shifts. From the Rio Apa
southward almost to Concepcién the east bank is
marked by discontinuous cliffs of limestone and marble,
nearly vertical, and several tens of meters high in
places. Elsewhere the sandy to muddy banks slope
gently into the river or form steep cutbanks, carved
from flood-plain alluvium and only a few meters high
at most.

The Rio Paraguay, with its tributaries, drains all but
the southeastern portion of the country. The Rio
Pilcomayo, heading 2,000 kilometers westward in the
Andes in Bolivia, and forming much of the international
boundary with Argentina, is the largest tributary on
the western or Gran Chaco side of the river. Tt is
navigable in places by small boats. Except for its
length and relative continuity, it is similar to any of
the other streams that drain the Gran Chaco. Nor-
mally, they are all sluggish, intermittent, and discon-
tinuous streams that wind their way slowly across the
nearly level plains between banks that are seldom more
than a couple of meters high. During rainy seasons
they overflow their banks and spread over most of the
land. Working together, first in one part of the Gran
Chaco and then in another, they are still building up
the plains. Their loads of mud, silt, and fine sand
debris, carried down from the Andes, are redistributed
over the plains during periods of overflow or by changes
of course that take place on most streams, if not from
year to year, at least from decade to decade.

Most of the eastern part of Paraguay drains into the
Rio Paraguay through seven main tributaries and
several smaller ones. Five are 180 to 275 kilometers
long and are navigable in part by small boats and barges,
but all the tributaries are slow and shallow in most
places and subject to frequent shifts in channel.

The Rio Alto Parand, about 3,000 kilometers long,
heads deep in southeastern Brazil; in its lower reaches
it forms the southeastern boundary of Paraguay for a
distance of 850 kilometers. On its way toward Para-
guay it meanders slowly across high basalt plains, but
where it first touches Paraguay it plunges abruptly
over a series of jagged basalt escarpments to form the
awe-inspiring cataracts of Salto del Guaird. From
these falls to Encarnacién it is incised in basalt and

follows a relatively straight, narrow and swift course
as compared with its upstream or downstream portions.
From Encarnacién to its junction with the Paraguay
the stream is broad and shallow, characterized by
shifting, braided channels. Itisnavigable by moderate-
sized craft as far upstream as Guaird. The south-
eastern part of the country drains to the Alto Parand
by means of 11 major tributaries, only 2 of which are
more than 150 kilometers long. These, too, are slow
meandering streams and resemble the tributaries of
the Rio Paraguay in all but two important respects.
First, though their meanders superficially resemble the
aimless wanderings of the rivers farther west, on closer
study they are seen to be related to fracture patterns
in the basalt flows that underlie most of the area.
Second, most of the tributaries make their final descent
into the Alto Parand gorge by a series of low steplike
falls or rapids where they cross the edges of the basalt
flows. Recognition of these two features is of great
help to the reconnaissance geologist. Moreover, the
falls seem to represent the only potential source of
hydroelectric energy that is not subject to international
complications.

There are two fairly large permanent but shallow
lakes in the country—Lago Ypod and Lago Ypacarai—
and countless intermittent ponds, lagoons, and swamps,
some of them enormous.

CLIMATE

The climate, comparable in some respects to that of
southern Florida or south-central Texas, ranges from
subtropical to tropical. Paraguay is an interior coun-
try of hot summers and mild winters, with the domi-
nant characteristic of the weather extreme unpredicta-
bility from month to month and from year to year.
The winter months, especially July through September
are generally somewhat drier and considerably colder
than the summer months, December through February,
with rainfall ranging between one-fifth and two-thirds
the average of all months.

The summer months and shorter periods throughout
the year are hot and humid, though moderated from
time to time by heavy rains that may last only a few
minutes or may continue almost steadily for several
days. Virtually all living habits, from housing arrange-
ments to business hours, are adjusted to the predomi-
nantly warm parts of the year. This is particularly
noticeable during the comparatively few cooler days of
winter, when tile floors, high ceilings and the general
lack of heating arrangements tend to make tempera-
tures of 5° to 10°C (41° to 50°F) somewhat
uncomfortable.

Figure 3 shows the geographic distribution of mean
average temperatures by isotherms ranging from 22° to
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24° C (72° to 75° F). The average maximum summer
temperature measured during the same period, 1940—
50, shown on figure 3 was 36°C (97°F) in the north-
ern Gran Chaco and the average minimum winter
temperature at Encarnacién was 10°C  (50°F).
During this period, an extreme maximum of 43°C
(110°F) was recorded in the Gran Chaco in July
1942, and extreme minimums of —4° and —5°C (21°
and 23°F) were measured at Encarnacién in July
1945 and in the Gran Chaco in July 1942. Five of
the country’s eight weather stations reported freezing
temperatures or below in at least 1 month during the
period 1940-50, and Encarnacién had freezing weather
in one or more months in each of the 11 years.

Figure 3 shows also that the average annual rainfall
during the period 1940-50 inclusive ranged uniformly
from 600 millimeters (23 inches) in the western Gran
Chaco to 1,800 millimeters (71 inches) along the eastern
border of the country. This uniform, and rather
abrupt, increase in rainfall from west to cast bears no
apparent relationship to the local topography, hence is
obviously controlled by more regional factors. Of
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FIGURE 3.—Average annual rainfall and temperatures in Paraguay, 1940-50, inclu-
sive, Compiled from various sources, 1953, by Dorothy A. Casse! for the Institute
of Inter-American Affairs,

these, the high Andes on one side and the much lower
highlands of southern Brazil on the other, together with
the prevailing north winds, appear to be dominant in
controlling rainfall.

The periods of highest relative humidity are generally
in March, June, July, and August; the lowest occur
during December in eastern Paraguay and in August
and September in the Gran Chaco. Evaporation gen-
erally exceeds precipitation from June through August
in the east and during nearly all of the year in the
Gran Chaco.

VEGETATION

More than half of Paraguay is heavily forested with
virgin stands of tropical and subtropical trees and
shrubs. More than 3,000 species of these have been
recorded. Many of the trees are deciduous hardwoods,
but new leaf growth follows so quickly on the fall of
older leaves, or even accompanies it, that bare trees are
rare at any season. Many species bloom profusely in
the spring and a few bloom at other seasons, lending
great masses of white, yellow, pink, purple, and blue
colors to the landscape. The undergrowth of shrubs
and vines is commonly thick, and virtually impene-
trable in places, especially around the fringes of the
forested areas. There is no true rain forest, but here
and there many individual trees tower far above the
forest blanket.

In eastern Paraguay, the forests once covered nearly
all of the hills and rolling uplands. In the more heavily
populated central region, the hills, called “islas” or
“iglands,” have been partly or entirely cleared and
now support the bulk of the country’s farm lands.
Farther from centers of population the forests are still
virtually untouched, though here and there they are
strikingly marked by angular farm clearings, most of
them small in comparison to the forests around them.
The forestry industry itself, large though it is, does not
generally result in denudation of the land or in clearings
that can be converted to agriculture. This is because
the trees most sought by lumbermen are widely scat-
tered and their cutting results in little or no visible
thinning of the forest.

The lower and flatter portions of eastern Paraguay,
called “campos’ or “camplands,” are grass covered in
large part, with trees and brush in thick borders along
the water courses. Parts of these plains, which are
used principally for grazing, are swampy, but some
could be easily drained by ditching.

On the Gran Chaco side of the Rio Paraguay, vast
areas of nearly level grasslands drain into sluggish
meandering rivers that are bordered by thick stands of
deciduous trees. The grasslands are interspersed with
peculiar brush forests of mesquite and many other
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thorny semidesert plants that are adapted to alter-
nations of severe droughts and prolonged wet seasons
when almost all of the surface of the Gran Chaco is
swampy or actually covered by water. Scattered
through the brush forests are various hardwoods; along
their edges are groves of black palm (carandaf), some
many square kilometers in extent (fig. 2).

TRANSPORTATION

Paraguay is severely handicapped in its development
and in international commerce by its intand location,
which necessitates travel through neighboring countries
for access to ocean transport. Its international com-
merce depends largely on facilities that are owned and
controlled by foreign governments or corporations.
Even so, the international transportation situation is
better than the domestic one.

Within the country, all the usual forms of transpor-
tation—water, rail, air, and road-—are represented but
all are inadequate for the present needs of the country
and will, unless improved greatly, hinder its develop-
ment in future.

By far the greater part of the country’s international
trade, and a considerable part of its internal trade, is
carried by water. Between 1941 and 1950, more than
87 percent of total exports were moved by river, nearly
all of the remainder going on the one international rail-
road that links Paraguay with Buenos Aires. Truck
shipments to and from Brazil and Argentina are negli-
gible, but substantial contraband movements of cattle
on the hoof are generally believed to take place regu-
larly.

The Paraguay-Parand river system, comparable in
most respects to the Mississippi, is the main avenue of
commerce. Its channel accommodates ships with
9-foot draft during periods of normal flow, but this is
decreased to 7-foot draft during low water. The Alto
Parand, the only other stream that can be used for
regular navigation, is shallower than the Paraguay and
requires smaller craft. Asuncién, Concepeidn, Villeta,
Pilar, and Encarnacién are the main ports. Of these,
only Asuncién has modern port facilities; even here logs
must be floated out to waiting ships and lifted from the
water by cranes or made up into rafts.

More than 200 vessels, most of them old wood-fired
ships and barges originally designed for ocean travel,
and of Argentine registry, serve the country’s inter-
national transport needs. Most of them connect
Asunciéon with Buenos Aires, 1,600 river kilometers to
the south, but a few move 1,100 kilometers up-river to
Corumb4, Brazil.

Shipping rates for the trip from Asuncién to Buenos
Aires range from 4 percent of the f. 0. b. value of some
meat products to 86 percent of that for some timber

products. A surcharge of 50 percent is commonly
added during periods of low water, which sometimes
last more than 6 months.

In addition to the international commerce described
above, there is a large internal water traffic. Most of
this is limited to the many ports along the Paraguay
and Alto Parand rivers, but there is some movement
of goods on the smaller tributary rivers.

A British-owned standard-gage railroad connects
Asuncién, Villarrica, Encarnacién, and many smaller
towns along its route with Buenos Aires. It provides
regular freight and passenger service but outworn
wood-burning equipment and poorly maintained track-
age cause delays at times. A number of other railroads
are shown on plate 1. All are privately owned narrow-
gage lines, used principally for moving of forest
products.

Several foreign airlines provide regular passenger,
mail, and freight service between Asuncién and Rio
de Janeiro, Montevideo, Buenos Aires, Santiago, La
Paz, and Lima. All but Lima are only 4 to 5 hours’
flight time from Asuncién. One Argentine company uses
hydroplanes that operate from the Asuncién harbor;
all the other companies use the national airport, which
has a single, asphalt-paved runway on the outskirts of
Asuncién. Aside from a few privately owned planes,
all internal air transportation is by a government-
controlled company, which uses small 1 to 3 passenger
aircraft and Paraguayan Air Force pilots. Most of the
towns, as well as many private ranches, have earth or
grass landing strips. Any of these can be reached
within about 3 hours’ flying time from Asuncién,
though there are likely to be many delays, due to
weather and other factors, in obtaining passage.
Moreover, many of the landing strips are likely to be
unserviceable during parts of every year because of
rain, mud, or overflow from nearby streams.

Within the country, most travel and transport of
goods are by roads and cart tracks. At the end of
1951 there were about 5,000 automotive vehicles in
the country; nearly four-fifths of them were registered
in the capital city. Of the total, about half were
passenger automobiles and half were trucks or buses.
Horses with light wagons are used extensively in a
few of the colonies settled by Europeans, but the great
bulk of overland transportation throughout the country
is done by oxen. In 1943 there were 27,000 carretas—
two-wheeled heavy carts drawn by one to six oxen—in
use by farmers alone, plus an unknown but large
additional number in the forest industries.

The principal road net is shown on plate 1. Aside
from some of the streets in Asuncién and a few blocks
in Encarnacién and Villarrica, the only paved, all-
weather highway in the country extends eastward from
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Asuncién to Eusebio Ayala, a distance of 73 kilometers
(45 miles). In addition to this two-lane, asphalt-
surfaced highway there are nearly 965 kilometers (600
miles) of graded and maintained highways, about
two-thirds of them gravel surfaced. Except for the
lack of bridges in places, most of these roads are
excellent during fine weather; it is both illegal and
virtually impossible to traverse any of them for a period
of 24 hours after each rain.

There are also many thousand miles of unimproved
roads and cart tracks throughout the country. Only
a few are shown on plate 1, and fewer yet can be easily
traveled by other than oxen or specially sturdy auto-
motive vehicles, even in dry weather.

POPULATION

According to the 1950 census, the total population of
Paraguay was 1,405,627, or an average of 3.5 persons
per square kilometer (0.7 per square mile). This is the
lowest population density in South America and among
the lowest in the world. As indicated by figure 4, the
population is very unevenly distributed. In {fact,
96 percent of the people live east of the Rio Paraguay
and more than half occupy only 4 percent of the land
in Asuncién and nearby departments.

The Paraguayan people are predominantly a homo-
geneous mixture of Spanish and Guarani Indian.
Spanish is the official language but outside Asuncién
and even within it to considerable extent, Guarani is
far more widely used than Spanish.

There are a total of about 40,000 indigenous Indians
belonging to about 30 different family and linguistic
groups. Nearly all of them lead nomadic lives in the
Gran Chaco; a few work for timber companies or for
farmers.

The 1950 census showed that there were 38,000
foreign nationals in Paraguay, representing a score of
countries, but largely from central Europe. Nearly
all are religious, political, or economic refugees who have
come to Paraguay since 1900. Offered asylum, as
well as lands, by Paraguay, they are largely settled in
isolated colonies, particularly in the central Gran
Chaco, in the area southeast of Concepcién, and in the
Misiones region along the Rio de Alto Parand near
Encarnaciéon. To date there has been little tendency
toward social or economic mixing between the immi-
grant and Paraguayan populations.

INDUSTRIES

Paraguay depends almost entirely on agriculture,
livestock, and forest products for its economic existence.
Local industries are largely limited to partial processing
of these products for export; nearly all manufactured
goods are imported. One indirect result of the heavy
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FIG6URE 4.—Density of population, Paraguay, 1950, compiled from data in the files
of the Institute of Inter-American Affairs, Asuncioén.

dependence on food growing is that the people are well
fed, with a calorie intake per capita of 2,813 per day
as compared with 3,098 calories in the United States.
On the other hand, the money income per capita is
one of the lowest in the world, amounting to less than
$40 in United States money per year in 1950.

Four percent of the total land is in farms, but less
than one percent is actually under cultivation. All
but about 10 percent of the farmers have less than
20 hectares (50 acres) per farm. Of the remaining
land, 40 percent is devoted to grazing, 54 percent is
forested, and 2 percent is classed as wasteland.

Exports in 1950, which were approximately balanced
by imports, were valued at 167.4 million guaranies, or
18.6 million United States dollars at the then average
official rate of exchange for exports. Forest products,
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chiefly logs, rough lumber, quebracho extract for tan-
ning, and oil of petit grain for perfume, made up 43.3
percent of the total value. Agricultural products,
chiefly cotton, vegetable oils, tobacco, and mate ac-
counted for 28.4 percent; animal products, largely beef,
meat extract, and hides yielded 22.2 percent. No
packing plants were in operation in 1952. Large
quantities of meat, grain, fruit, root crops, and cane
sugar are, of course, produced for local consumption.

The mineral industries are limited to production of
materials for local use. Clay products, chiefly brick
and tile but including some pottery, lead the list.
Stone, sand, and lime arc produced in quantities suffi-
cient to meet local needs but the several small bottle
factories fall far short of meeting the local demand for
glass. A portland cement plant, with an ultimate
rated capacity considerably larger than Paraguay’s
probable consumption, went into operation in a smalt
way early in 1952.

FUEL AND POWER

Except for wood, charcoal, and alcohol, Paraguay
has no fuels whatever and no other developed sources
of electric or other power. This is one of the chief
factors that has retarded the development of manu-
facturing industries. Eleetricity is available in only
nine towns; in all of them the generating equipment is
wood fired, as are all locomotives, and virtually all
ships and barges. All gasoline and other petroleum
products are imported, but some alcohol for domestic
heating is produced as a byproduct of the sugar industry.

The demand for wood fuel is so great that the supplies
near the heavily populated centers, particularly near
Asuncién, are being rapidly depleted with consequent
increases in cost due to longer hauls. The high cost
of wood and charcoal is in part also due to the expense
of chopping by hand the extremely hard woods that
make up so much of the forest growth and to the primi-
tive and wasteful methods used in making charcoal.

It is not known whether wind-operated electric
generators, which are used in many parts of the western
United States, would be successful in Paraguay, not
whether they have been tried there. They might well
be adapted for domestic use, however, particularly
at the ranches and colonies in the Gran Chaco, where
the winds are stronger and more constant than in
eastern Paraguay.

The only promising sources of hydroelectric power
known are along some of the tributaries to the Rio Alto
Parand and at the falls of Guair4d on the Rio Parand
itself. The latter falls could be used to develop very
large amounts of power, but very valuable power sites
could be developed at the places where low falls and
rapids form on the Monday, the Acaray, and several

other tributaries of the Alto Parand in their final
descent to the level of the Parand. Unfortunately,
all these potential sources of power are remote from the
center of population; moreover, the most promising
one, Guaird, is partly owned by Brazil, so that any
power development would require international efforts.

GEOLOGY

GENERAL FEATURES

The rocks of Paraguay can be divided into five major
classes, depending on age and mode of origin as shown
in the table below and on the geologic map (pl. 1).
The oldest ones are the granitic and metamorphic
rocks of the Precambrian complex; they underlie the
entire country at varying depths but are exposed at
the surface in ouly relatively small areas near the Rio
Apa and in the south-central part of eastern Paraguay.
The second group consists of marine sedimentary rocks,
mostly shale and sandstone, and ranges in age from
Camwbrian or Ordovician through Early Devonian.
This group is relatively thin in eastern Paraguay but
much thicker in the Gran Chaco basin west of the
Rio Paraguay. The third group of rocks, which range
from Pennsylvanian or Permian through Triassic in
age, constitute the Gondwana or Santa Catarina con-
tinental clastic sediments known in a large part of
South America. Like the older marine beds of Pale-
ozoic age of the second group, they are thicker in at
least part of the Gran Chaco basin than they are in
eastern Paraguay. The fourth group is Tertiary to
Recent in age. It consists, at least in large part, of
unconsolidated clay and sand of continental origin but
may contain some marine beds in places. It covers
all but a tiny fraction of the western half of the country,
where it appears to be as much as 2,000 feet thick in
places. In eastern Paraguay these younger uncon-
solidated materials are very thin in most places and
consist of swampy alluvium.

The fifth large group of rocks consist of igneous ex-
trusive and intrusive rocks, mostly of basic composition,
and some of uncertain age. The most important single
member of the group is a thick series of basaltic lava
flows that cover the eastern edge of the country and
extend far eastward into Brazil where they reach their
maximum thickness in the Parand basin. Associated
genetically with these lavas, which are of Triassic or
possibly Jurassic age, are a number of smaller bodies of
imtrusive diabase, extrusive basalt, and possibly other
rocks. Besides the igneous rocks whose age is fairly
certain, there are many bodies of igneous rock whose
age is unknown. Some are intrusive and others are
extrusive; all are small as compared with the extensive
basalt flows. Some are strongly alkalic and of consider-
able interest to the petrographer. Some of the bodies
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group here may be related to the basaltic lava flows,
hence of Triassic or Jurassic age; for some, however,
there is strong geomorphic and other evidence that they
are no older than late Tertiary.

The geologic structure of Paraguay appears to be
relatively simple in its grosser aspects, but there is
much to learn of even the larger features. In the
eastern half of the country the beds dip gently east-
ward toward the great Parani basin of southeastern
Brazil. This easterly dip appears to reverse along the
axis of a low anticline that trends north-south only a
few kilometers east of the Rio Paraguay and exposes
the older sediments and the Precambrian basement
rocks at the surface in many places. West of this axis
the beds either dip steeply westward, or are down-
faulted to the west, into the depths of the Gran Chaco
basin. The rocks in this basin are, in places, at least
10,000 feet deeper than they are in eastern Paraguay;
west of the basin, in eastern Bolivia they rise to the
surface in a series of anticlines and synclines that form
the foothills of the Andes.

IGNEOUS AND METAMORPHIC ROCKS
By CrarLEs MILToN and EpwiN B. EckeL

In the course of a 6-month field study of the geology
of Paraguay, Eckel collected about a hundred specimens
of rocks in 1952. Earlier, geologists had made such
collections, notably Pshlmann (1886), Lindner (Milch,
1895), and Carnier (1911¢, 1913); these collections have
been described respectively by Pohlmann (1886), Milch
(1895 and 1905), and Goldschlag (1913a). Harrington
made extensive collections in 1946 which, unfortunately,
were lost, so that his otherwise excellent memoir on
the geology of Paraguay (1950) contains only field notes
on the petrology. Milton has studied the collection
made by Eckel and to a considerable extent compiled
the notes here presented.

The igneous and metamorphic rocks may be classified
in three main groups—metamorphic and granitic, ba-
saltic and diabasic, and alkalic. Geographically, there
are a southern and a central area, both examined by
Eckel, and a northern area, examined by Carnier and
others. The sedimentary rocks collected by Eckel are
briefly described in connection with the stratigraphy;
one peculiar sedimentary rock that has columnar joint-
ing is described here in the section on diabase as
“pseudotrachyte.”

PRECAMBRIAN METAMORPHIC AND GRANITIC ROCKS

In eastern Paraguay there are two extensive areas,
and several smaller ones, of Precambrian granitic and
metamorphic rocks. One of the larger areas is the
region around Centurién near the Rio Apa; it extends
northward into Brazil. The other is in southern Para-
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guay. This report discusses only briefly rocks of the
Rio Apa region, which have been investigated by
Carnier (1911c), Goldschlag (1913a), and Boettner
(1947); 1t deals more especially with the rocks from
the southern and central region.

The basal complex, a southern extension of the Bra-
zilian shield, is overlain unconformably by Paleozoic
and Mesozoic sedimentary rocks as in many other parts
of the world. It underlies, at no great depth, all eastern
Paraguay and the northern part of the Gran Chaco
west of the Rio Paraguay, where there are a few small
outcrops of these rocks. In the southern and western
parts of the Gran Chaco, however, the basement rocks
are deeply buried beneath sedimentary rocks.

The surface of the exposed Precambrian rocks in the
Rio Apa region is comparatively rugged, with relief of
more than 200 meters, whereas in the southern region
the surface is smoother, with relief of less than 100
meters. Reasons for this difference in topographic
expression are not apparent.

The metamorphic rocks, which are undoubtedly older
than the igneous rocks, are made up largely of schist
and gneiss. A great variety of other rocks, whose dis-
tribution is not known precisely, is associated with these
rocks. They include ultrabasic igneous rocks as well
as argillite, quartzite, marble, and other kinds.

Most of the igneous rocks are of intrusive origin, but
some are probably extrusive. Medium- to coarse-
grained granite and quartz porphyry predominate, but
there are many bodies of aplite and pegmatite associated
with them. In at least one place, near Caapucd, frag-
mental pyrophyllitized volcanic rocks are associated
with porphyritic rocks that show flow structure, indi-
cating that they probably originated as surface flows.

Probably the earliest rocks were gneisses and schists
that were overlain by shale and sandstone beds, and
this whole sequence was then intruded by the granitic
rocks, accompanied by extensive metamorphism and a
considerable amount of folding and faulting. The Pre-
cambrian rocks were later eroded to a relatively smooth
surface before the deposition of the limestone and
argillite of the Itapucumi series, of possible Cambrian
and Ordovician age. This interpretation agrees with
that of Carnier (1913) and of Harrington (1950).

Without more knowledge than is available at present
it is impossible to assign definite ages to any of these
rocks. Harrington (1950) suggests correlation of the
metamorphic rocks with the Cuiba series of Mato
Grosso which has been assigned to the Algonkian by
Ohveira and Leonardos (1943, p. 217), Evans (1894),
and others. Possibly both Archean and Algonkian eras
are represented, just as they are beleved to be in
northeastern Bolivia (Ahlfeld, 1946, p. 19-25). For
convenience, the metamorphic rocks are grouped here
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fine-grained olive-brown sandstone probably in the
hills just south of town. This rock, which contains
much clay-sized material, splits into solid but easily
workable blocks from 12 to 30 centimeters thick.

At a point about 10 kilometers southeast of Itacurubi
de la Cordillera, the surface is covered by 1 to 2 meters
of lateritic iron ore, on thin-bedded alternations of
micaceous sandstone and clay. The sandstone is
purplish gray, very soft, and contains at least 50
percent fine-grained muscovite mica. The clay, no
doubt a weathered shale, is reddish brown and is far
less micaceous than the sandstone.

Two kilometers farther southeast, or 3 kilometers
from San José, a shallow road cut exposes an extensive
body of white, fine-grained micaceous sandstone that
breaks along joints and horizontal bedding planes into
smooth but relatively soft flagstones, from 2 to 6
centimeters thick. The vertical joints in this rock are
seamed with brown limonite and many blocks of sand-
stone show diffusion banding that has worked away
from the joints. Several poorly preserved fossils were
found at this place.

The Itacurubi series rests on the Caacupé series of
lower Silurian age and is overlain by the Tubardo
series of Pennsylvanian age. Neither contact has
actually been observed, but both evidently are marked
by unconformities. There is, indeed, some evidence of
a major erosional unconformity at the base of the
Devonian beds. Harrington states that the Itacurubi
series rests directly on the Piribebuy sandstone—the
white saccharoidal member of the Caacupé series—and
even considers the possibility that this sandstone
should be grouped with the Devonian rocks. The
relationship described by him is quite possibly true in
the area directly west of Itacurubi and near Valenzuela.
Farther north, however, the fossiliferous beds in the
vicinity of Arroyos y Esteros, which are definitely part
of the Caacupé series, are stratigraphically above the
white sugary sandstone and beneath the Itacurubi beds.
These relationships are discussed on pages 56—57.
If the present author’s concepts are correct, the rel-
atively thick section of upper Caacupé beds that is
present between Tobati and Arroyos y Esteros must
be missing in the latitude of Itacurubi. This strongly
suggests the presence of a major erosional unconformity
between the Silurian and Devonian rocks.

Harrington (1950) lists the following fossils from a
quarry at Cariy Loma, a few kilometers east of Itacurubi
de la Cordillera. These fossils were found in sandstone
near the top of the series.

Favosites sp. indet.

Schellwienella ince (d’Orb.)
Australostrophia conradii Harrington
Chonetes falklandicus Morris and Sharpe
165871—59——6
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Spiroaphe(?) sp. indet.

Tentaculites crotalinus Salter
Phacopina ttacurubensis Harrington
Calymene sp. indet.

A small collection of fossils was made by the author
and Ricardo Mazé U. from micaceous sandstone near
the base of the series, 8 kilometers southeast of Eusebio
Ayala. A.J. Boucot reports as follows:

This collection contains an unidentified plicated brachiopod,
probably a rhynchonellid, whose brachial valve bears a median
septum. It resembles the genus Camarotoechia. Another finely
plicated brachiopod is possibly an orthoid belonging to the
Wattsellidae, Silurian or Devonian.

A. R. Palmer reports on trilobites from the same
collection:

Hadrorachis(?) sp., cranidium; Homalonotus sp., thoracic seg-
ment. Similar forms have been described from the Devonian
of adjacent South American countries; however, neither genus
is necessarily definitive of a Devonian age. On the basis of the
trilobites, this collection cannot be more closely dated than
Silurian-Devonian.

At the “Lépez” sulfur workings, in the middle shaly
member of the series, the author found one fossil,
identified by R. J. Ross as follows:

A single partial specimen of an orthoconic nautiloid possessing
the ornamentation of the “form genus” Spyroceras. Similar
forms are known in North America from mid-Ordovician to
Devonian strata.

Boettner (1945) describes a single specimen of Homal-
onotus sp. from this same locality.

The white flaggy sandstone mentioned above as 3
kilometers west of San José yielded an unidentified
smooth pelecypod and fragments of Homalonotus sp.
and Dalmanites(?) sp. as identified by A. R. Palmer.
Fossils that were found in the Santa Rosa and Picuiba
exploratory wells in the Gran Chaco, and that are
ascribed to the Devonian by Harrington are listed in
the tables on pages 73 and 74.

These faunas, which contain species that are typical
of the classic Devonian localities of Brazil, Uruguay,
and Argentina, indicate the Early Devonian age of the
Itacurubi series of Paraguay, as well as its general
correlation with the Devonian sedimentary rocks of
the surrounding countries.

GONDWANA (SANTA CATARINA) BEDS

The Paraguayan equivalent of the widely distributed
Gondwana beds consists of a thick series of continental
and epicontinental sedimentary rocks that overlie the
marine Devonian beds unconformably (Du Toit, 1927;
Oliveira and Leonardos, 1943; Harrington, 1950). The
Gondwana of Paraguay is 1,000 meters (3,280 feet)
or more thick, including its extensive cap of basalt.
Because the name Gondwana is still widely used by
geologists in Brazil and other parts of the world it is
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retained here. The name “Santa Catarina system’ is,
however, used parenthetically. It was applied by
I. C. White (1906, p. 378) to the Gondwana beds of
southern Brazil, and its use was extended to Paraguay
by Harrington (1950).

In Paraguay, the following groups of Gondwana
(Santa Catarina) rocks can be distinguished: the
Tubario series, of Pennsylvanian or Permian age and
largely of glacial and fluvioglacial origin; the Inde-
pendencia series, of Permian age and made up of
sandstone with some shale; the Misiones sandstone of
Triassic age; and the Serra Geral basaltic lavas of
Triagsic or possibly Jurassic age. The latter rocks
are described above in the section on igneous rocks;
the others are described in order below. So far as
known, the carbonaceous and coal-bearing sediments
that are present in the Gondwana beds elsewhere are
not represented in Paraguay.

PENNSYLVANIAN OR PERMIAN SYSTEMS

TUBARAO SERIES

The distribution of the Tubaro series, as shown on
plate 1, is based almost entirely on Harrington’s map
(1950) with a few refinements by the author based on
study of aerial photographs and maps. The series
is shown as covering a northward-trending belt,
of variable width, from the swampy basin of the Rio
Tebicuary as far north as the Rio Apa boundary of
Paraguay and Brazil, just west of Bella Vista. Ac-
tually, almost all this belt of ‘“outerop” is occupied
by marshes and swamps and virtually the only ex-
posures that have been studied are in the central region,
in a belt that extends from near Caraguatay south-
eastward to the vicinity of Villarrica. Much farther
north, and thus providing a good deal of justification
for mapping the series over such a large area, Boettner
(1947, p. 11) found undoubted glacial deposits between
the Rio Apa and Toldo-cué. He also found striated
pebbles from the same series in the vicinity of Con-
cepcién.

Even in the central zone, where they are best known,
the Tubarfio rocks are poorly exposed, and it is im-
possible to study or measure a complete section.
Harrington, who believes the entire series to be about
250 meters (820 feet) thick, found three distinet kinds
of interstratified sediments in the series—glacial tillite,
light-colored sandstone, and compact, laminated olive-
green shale.

Tillite, according to Harrington, is exposed in a
number of road cuts from the outskirts of Caraguatay
to a point just north of the Rio Tebicuary-m{ between
Coronel Oviedo and Villarrica. These beds were ex-
amined at only one part of this stretch—in the last
8 kilometers of the main highway between San José
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and Coronel Oviedo, or just west of the place where
the highway forks lead to Coronel Oviedo and Villarrica.
The grassy flats along the road are conspicuously
covered with pebbles, mostly from 1 to 5 centimeters
in diameter. A few of the pebbles are well rounded
but nearly all are subangular with 2 or 3 flat sides
characteristic; a few are typically scratched by ice.
Most of the pebbles are of very hard, brown quartzite,
but a considerable number are made up of varicolored
agate or chert. One pebble of pink quartz porphyry,
identical in appearance and microscopic character to
the Precambrian porphyry near Caapuct, was found.
The matrix that yields the pebbles is exposed in road
cuts to a maximum depth of a little more than 1 meter.
It is white to light-gray structureless clay, typical of
tillite, in which the pebbles are randomly but sparsely
distributed.

Toward the east end of the exposures, road cuts
show several thin, lenticular beds of sandstone, some
extremely fine-grained and dense, interbedded with
layers of the tough clay.

In addition to pebble materials mentioned above,
Harrington noted pebbles of granite and diabase. He
also mentions pebbles as much as 50 centimeters in
diameter and even a few much larger erratics.

Harrington (1950) also describes red fossiliferous
sandstone that he believes to be either interstratified
with the tillite, or to ‘“represent part of the Bonito
sandstones which according to many Brazilian geologists
form a distinet group overlying the glacial beds.” One
such exposure is on top of a large hill immediately
south of Villarrica, where it has been worked in several
small quarries, now abandoned. The sandstone is thin
bedded, red to gray, strongly arkosic, and fine to
medium grained. Beder (1923) found well-preserved
remains of Mesosaurus, probably M. tumididus Cope, in
two of the quarries on this hill and also found similar
remains at Jhovy, a town 2 kilometers northwest of
Villarrica. Harrington found a few poorly preserved
vertebrae in a quarry 1 kilometer west-southwest of the
Villarrica railroad station.

Harrington found banded shale, which he believes
to be at or near the top of the Tubaréo series, exposed in
a low hill on the north edge of Coronel Oviedo. This
rock is hard, grayish-green, and typical of varved clay.

Harrington (1950, p. 31-32, 49-50) describes an ex-
posure of hard olive-green varved shale in the vicinity
of Paraguari, far from the main belt of Tubario rocks,
that he believes represents this same series. It is this
single exposure, plus considerations of the geologic
structure, that led Harrington to map the entire
Ypacarai depression as underlain by Tubardo beds
(pl. 1). The shale forms a small conical hill at the
western edge of Cerro Jhu, an eminence that is 2
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west bank of the Rio Paraguay. Some belong to the
Precambrian basement complex that doubtless under-
lies the entire Gran Chaco basin; others belong to the
Itapucumf series of probable Cambrian and Ordovician
age. Those near Villa Hayes are reportedly of red
sandstone and are mapped as belonging to the Misiones
sandstone of Triassic age. The outcrop between Puerto
Guarani and Poérto Murtinho is an extension of the
supposedly late Tertiary syenitic body of the Pio
d’Agtcar on the Brazilian side of the river.

There are several outcrops of sandstone and possibly
of quartzite in the extreme northern part of the Gran
Chaco, west of the Rio Paraguay. None of them was
seen by the author except in very distant air views and
there are no known geologic maps that show them with
any exactitude.

The largest outcrops make up Cerro Leon and Cerro
Cristian (pl. 1). In addition to the several smaller
bodies sketched on the map, there are a number of
small hills on both sides of the Bolivian border that are
reportedly made up of the same rock. Some of these
hills have been used as triangulation points in boundary
surveys.

In written communication to the author, Harrington
reports that the rock of Cerro Leon is a medium-grained,
reddish-brown ferruginous sandstone. From this rock
the geologist for Union Oil Company collected a few
well-preserved fossils that were identified by Dr. Har-
rington as Leptocoelia flabellites. This identification
leaves no question as to the lower Devonian age of the
rocks, which would appear to be about equivalent to
the Itacurubi series; they are so mapped on plate 1.

The quartzite and sandstone beds of eastern Bolivia
and extreme northern Paraguay are briefly described
by F. Prieser (in Ahlfeld, 1946, p. 32-36). They are
nearly horizontal in most places and form vast table-
lands some distance north of the international border.
Some of the hills in and near Paraguay may be erosional
remnants of these tablelands, but Prieser thinks some
of them may represent uplifted fault blocks, or horsts.
In Bolivia, the sandstone beds are slightly ferruginous
and yellow or orange to white. They are medium
grained, crossbedded, and cemented with secondary
quartz. Their total thickness is about 200 meters.
Several thin conglomerate beds are known. The rocks
are provisionally assigned to the Ordovician period by
Prieser, but on admittedly thin evidence; Dr. Harring-
ton believes that they, like the rocks of Cerro Leon in
Paraguay, are probably of Early Devonian age.

The sandstone and quartzite deposits are overlain in
Bolivia by shale and sandstone of possible Permian and
Cretaceous age locally, but by the Chaco formation of
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Tertiary and Quaternary age in most places. In north-
ern Paraguay these rocks are everywhere overlain or
surrounded by the Chaco sediments.

SUBSURFACE ROCKS
WELL RECORDS

The well records that follow are translations and
condensations of the logs furnished officially by the
Union Oil Company to the Government of Paraguay at
the close of the exploratory campaign for petroleum
in the Gran Chaco; they were made available to the
author by the Paraguayan Ministerio de Obras Publicas
for use in this report. They have doubtless been
changed in condensation, as well as in a series of trans-
lations from English to Spanish and again to English.
Nevertheless, they contain some hitherto unavailable
facts as to the subsurface character of the Gran Chaco.
The logs are given below; the author’s attempt at their
interpretation and correlation is sketched in figure 53.

Records of wells drilled by Union Oil Company in the Gran Chaco,
western Paraguay, 1944 to 1949, inclusive

[Translated and condensed by Ricardo Mazé U, from logs transmitted by the
company to the Government of Paraguay.]

Picuiba well B-1: T’{}ﬁé}’)’m
Sand, yellow, fine- to medium-grained,
grades downward to darker sand with
laminae of clay and pebbles cemented by
redorgrayelay_ _ . _______________
Sand and sandstone, dark-red, with clay-
cemented angular to rounded pebbles of
quartz and other materials_____________ 87
Sand, light-green, uniform grain size with
some pinkish-brown grains.____________
Sand and siliceous siltstone, bluish-gray,
very fine grained, some incrustations of
pyrite at 1,400 ft__ ___________________
Quartz sand, fine- to medium-grained, with
much pyrite. . ..
Sand, pale-greenish-gray, medium-grained;
contains pyrite and one 1-ft bed of well-
stratified sandstone. _ _________________
Sand, gray, medium-grained, with abundant
small rounded pebbles.________________ 10
Sand and sandstone, pale-greenish-gray,
with some pebbles and siltstone_________
Siltstone, olive-green, with streaks of sand
and of pyrite_ ... _____________________ 70 2,510
Sand and sandstone, greenish-gray, fine- to
medium-grained, with some pebbles and a

Depth
(feet)

1,008 1,008

1,095

125 1,220

300 1,520

260 1,780

487 2,267
2,277

163 2, 440

littleshale_ _ .. __________________. 363 2,873
Sand, siltstone, and shale, brick-red, with

pale-green nodules of shale_____________ 227 3,100
Sandstone, fine-grained, silty, pale-red and

green, with some grains of coarsesand.__ _ 44 3, 144
Shale, lustrous, dark-purple-red, with part-

ings of fine sandy shale________________ 316 3, 460
Sand, gray, fine- to medium-grained_______ 15 3,475
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Records of wells drilled by Union Oil Company in the Gran Chaco,
western Paraguay, 1944 to 1949, inclusive—Continued
Picuiba well B-1—Continued Th(]feﬁ?)ess %2%"
Siltstone, micaceous, pale bluish-gray to
gray, with fine- to medium-grained
pebbly sandstone, lime-cemented and
micaceous; some pyrite. . _____ 80 3,555
Sandstone, very hard, crossbedded, light-
gray, fine- to medium-grained; contains
some pebbles, interbedded with micaceous

shale and sandy siltstone; some pyrite___ 10 3,565
Shale, hard, sandy, dark-brown, slightly
micaceous_ ... __________________ U 4 3,569

Sandstone, gray, fine- to medium-grained,

and brick-red siltstone with gray mica-

ceous Spots_____ . _.____.______________ 11 3, 580
Sandstone, same as above, but containing

hard marine shale, becoming more abun-

dant downward_______________________ 27 3,607
Shale, hard, micaceous, gray, with laminae

of firm very fine grained sandstone.

Sandstone below 3,845 ft yields strong

odor of petroleum and gives other posi-

tive tests for petroleum________________ 248 3, 855
Shale, hard, dark-olive-gray, with a few

laminae of hard, gray, fine-grained sand-

stone. No evidence of petroleum_______ 135 3,990
Shale, hard, dark, with dark stains of

organic material; some gray very fine

grained sandstone; yields slight odor of

petroleum____________________________ 30 4,020
Shale, same as above but no odor of petro-

leum; highly micaceous in interval 4,060~

4070 fto . ___ 148 4,168
Shale, same as above, with strong odor of

petroleum in interval 4,168-4,175 ft and

slight odor at interval 4,460-4,470 ft;

contains one 2-in layer of limestone at

5,207 ft .. 1377 5,545
Shale, dark-gray, hard, very little sand-

stone___ ______________________ _____ 630 6,175
Sandstone, friable, gray, fine- to medium-

grained; yields odor of petroleum_______ 40 6,215
Shale, micaceous, gray; with fine-grained

silty light-gray sandstone_._____________ 944 7,159

Shale, soft micaceous dark-gray; slight
odor of petroleum in one 1-ft zone near

YOp e e .. 356 7,515
Santa Rosa well 1:

Clay, varicolored_ . _____________________ 810 810
Sand, gray, fine-grained, silty, with streaks

of waxy-green and red clay near base____ 30 840
Clay, varicolored. .. ____________ 20 860
Sand, gray, fine-grained. ________________ 43 903
Clay, red and green__ ___________________ 55 958
Sand, gray, fine-grained, with sandy clay

between 974 and 980 ft________________ 37 995
Clay, blueandred______________________ 10 1,005
Sand, bluish-gray, firm; silty and very fine

grained..____________________________ 10 1,015

Clay, red and blue, firm, sandy; contains
inclusions of hard limestone..___ . 10 1,025

Records of wells drilled by Union Qil Company in the Gran Chaco,
western Paraguay, 1944 to 1949, inclusive—Continued

Thickness Depth

Santa Rosa well 1—Continued (feet) (feet)

Sand, gray, friable, very fine grained and

well-sorted . _ . _____________________ 30 1,055
Clay, blue and red, firm, sandy to very

sandy - - .o o e 140 1,195
Sand, gray, fine-grained, well-sorted and

with well-rounded grains_.____________ 10 1,205
Clay, blue and red, mostly firm and sandy,

with limy material in places .. _________ 290 1,495
Sand, blue-gray, firm, with a few small

pebbles_ . __ . 10 1,505
Clay, red and blue, mostly firm and sandy - - 120 1,625
Sand, white, fine-grained, firm limy_______ 30 1,655
Clay, blue and red, sandy in lower 10 ft___ 20 1,675

Conglomerate of well-rounded black and

red pebbles in matrix of blue and red

sandy elay_ - ________ .. 10 1,685
Clay, blue and red; mostly firm and sandy;

contains many small concretions of imy

material and a few pebbles_.___________ 645 2,330
Sand, gray, fine-grained_________________ 50 2,380
Clay, red and blue, mostly firm and sandy;

contains limy concretions in places_.____ 175 2, 555
Sand, gray, fine-grained, soft__.__________ 10 2,565

Clay, blue and red; firm and very sandy,
with medium- to coarse-grained sand;

many limy concretions in places._______ 30 2,595
Sand, gray, coarse-grained_______________ 40 2,635
Clay, blue and red; very firm, sandy_ __.___ 10 2,645

Sand, bluish-gray, fine- to coarse-grained,
friable to firm; clayey in many places;
contains abundant small pebbles of
various colors almost throughout; limy
nodules abundant in places. One 1-ft
core of hard sandy blue-green to purple
limestone near bottom_________________ 90 2,735

Limestone, firm, sandy, nodular, light-gray_
with streaks of red; contains large angu-
lar red and light-gray pebbles of quartzite
and smaller well-rounded pebbles; top 2 ft
appears weathered; grades downward to
massive white to light-gray limestone.
Limestone contains 87.5 percent CaCO;,
11.5 percent insoluble, and traces of MgO

and FeeOs . ______. 10 2,745
Limestone, white to gray to red, hard, mas-
sive to nodular; sandy in places__.___.____ 10 2,755

Sand, friable to firm, white to gray, fine- to

medium-grained; mostly silty; contains

nodules of hard massive limestone and a

few large pebbles__ ___________________ 80 2,835
Clay, red, firm, sandy; alternates with gray

firm coarse-grained sand; many pebbles of

quartzite in ower 10 ft________________ 130 2,965
Sand, red and blue, firm, fine- to medium-

grained; silty and clayey with small angu-

lar pebbles throughout. - . _____________ 20 2,985
Conglomerate, containing pebbles of sand-

stone, shale, and siliceous material in

matrix of sandy clay, interbedded with

reddish-white hard sandstone containing

many small rounded pebbles_ _______.__ 8 2,993
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Records of wells drilled by Union Oil Company in the Gran Chaco,
western Paraguay, 1944 to 1949, inclusive—Continued

Thickness Depth

Santa Rosa well 1—Continued (feet) (feet)
Clay, red, vellow, and purple, firm________ 12 3,005
Shale, red and lavender, laminated, mica-

eeous, with irregular bedding planes___.__ 16 3,021

Shale, light-greenish-gray, lavender, and

vellow, soft to firm, with thin layers of

red, harder shale. Pyrite clusters at

3,022 ft .. 12 3,033
Shale, dark-gray, firm to hard; poorly lami-

nated in large part but upper layers near

top are well-laminated and locally cross-

bedded. One megascopic fossil at 3,058

ft (see p. 74 for list of fossils here and in

lower part of well) . ___________________ 249 3,282
Shale, hard, dark-gray, poorly to well-

laminated, very micaceous; silty in part. 1,086 4, 368
Sandstone, hard, dark-gray, micaceous, very

fine grained and poorly sorted .___._____ 6 4,371
Shale, hard, dark-gray, micaceous, poorly

bedded to massive with a few thin layers

of silb o . 98 4,472
Recovered 2 ft of core: 1 ft of hard, very

fine-grained sandstone and 1 ft of hard

massive dark-gray shale_______________ 10 4,482
Shale, hard, massive, dark-gray, interbedded

in lower part with equal quantities of hard

fine-grained silty sandstone_ _ __________ 72 4,554
Shale, hard, dark-gray, micaceous, inter-

layered with hard dark-gray micaceous

siltstone_____________________________ 144 4, 698
Shale as above, interbedded with an equal

quantity of hard gray very fine grained

sandstone in layers as much as 1 in thick_ 10 4,708
Sandstone, hard, gray, very fine grained and

silty, with 10 to 20 percent of shale in thin

layers. . __ 40 4,748

bedded, with considerable quantities of

light-gray micaceous erossbedded silt-

stone in upper half____________________ 639 5, 387
Shale as above, interbedded with hard, very

fine grained silty and micaceous sand-

stone______ o _______ 18 5,405
Shale, hard, dark-gray, micaceous; massive

to poorly bedded, with silty and sandy

material in places. Odorless gas bubbles

from fresh core at 5,606 to 5,723 ft; no

evidence of petroleum_________________ 500 5, 905
Sandstone, hard, gray, very fine grained,

micaceous, crossbedded and silty, inter-

bedded with equal quantity of hard gray

micaceous shale. Sandstone shows gas in

fresh cores but no evidence of petroleum_ 50 5,955
Shale as above with fine-grained sandstone

in lower few feet; gas shows when fresh__ 50 6,005
Sandstone as above with a little shale; gas

shows when fresh_ . __________________ 10 6,015
Shale, hard, dark-gray, micaceous, with a

few thin layers of siltstone; and some

clusters of pyrite crystals_ _____________ 1,071 7,086

Records of wells drilled by Union Oil Company in the Gran Chaco,
western Paraguay, 1944 to 1949, inclusive—Continued
. hick: Depth
Santa Rosa well 1—Continued T(lfcee?)e“ (;el;;)
Shale as above with a few layers as much as
0.4 ft thick of very hard massive gray limy

and sandy ‘“‘shell”_____________________ 20 7,106
Limestone, 0.2 ft, hard, massive, gray, and

2.3 ft of shale as above_ ___ .. __________ 14 7,120
Shale, hard, dark-gray, micaceous, with a

few thin layers of siltstone; much pyrite_. 37 7,157

Shale, very hard, dense, gray, micaceous,

and very sandy, with irregular layers of

hard gray siltstone and sandstone_._.____ 12 7,169
Siltstone, very hard, gray, sandy, micaceous,

crossbedded with irregular streaks of

very hard dense shale, grading downward

to shale with some siltstone. ___________ 22 7,191
Limestone 0.3 ft, hard, gray, massive; sand-

stone 0.4 ft; siltstone 0.2 ft; very hard,

fine-grained and limy, micaceous, and

crossbedded sandstone 1.5 ft; very hard

micaceous siltstone 2.1 ft______________ 5 7,196
Sandstone, very hard, gray, silty, fine-

grained, micaceous, with thin streaks of

shale__ __ - 10 7,206
Shale, very hard, gray, sandy, and mi-
CACEOUS _ - - o o oo e 7 7,213

Sandstone, fine-grained, silty, and mi-

caceous, approaching quartzite in hard-

1T U ——— 20 7,233
Shale, very hard, dark-gray, sandy, and

micaceous, with irregular streaks of very

hard fine- to medium-grained quartzitie

sandstone, especially abundant in upper

25 It e 346 7,579

La Paz well D-1:
Silt, sandy, soft, reddish, and siltstone

with some small pebbles ______________ 810 810
Silt and fine sand, green-blue; with red

elay - 80 890
Clay, red and greenish-blue. . _._______.__ 70 960
Sand, medium- to fine-grained, greenish-

gray with some red elay__ . ____ .- 140 1,100

Sand, fine to coarse, light-brown; contains
fragments of limy material and some silt

andelay_ - - 540 1,640
Sand, white, quartz, elean_______________ 10 1,650
Sand, white, quartz; mixed with red and

greenish-blue sand_ _ _ .- 290 1,940
Clay, dark red; with a little green-blue clay

and somesand_ . __ ___________________ 240 2,180
Silt, fine sandy, light-red, with white quartz

sand; a little light-green clay. - .. _____ 140 2,320
Sand, fine, light-brown; some sandy blue

elay_ o 270 2,590
Clay, dark-red; and sandy silt ____.___ .- 450 3,040
Clay, dark-red, sandy, with streaks of

bluish-green elay____ .- 170 3,210
Clay, dark-red; with sandy silt and some

white ime_ _ ___ ______ . 160 3,370
Silt and elay with fine sand__ ____________ 800 4,170
Silt and clay with gray lime______________ 30 4,200



72

GEOLOGY AND MINERAL RESOURCES OF PARAGUAY

Records of wells drilled by Union 0¢ Company in the Gran Chaco,
western Paraguay, 1944 to 1949, inclusive—Continued

La Paz well D-1—Continued Th(lfcc%ess
Sand, silty, red and green; with some
lime___ .. 381
Shale, black to gray, hard, unstratified;
with abundant miea___ . _______________ 275
Shale as above, with nodules of pyrite and
calcite-filled fractures__.______ .. _______ 144
Sandstone, fine, hard, gray, micaceous;
with some shale_ . __________________ 343
Shale, hard, and sandstone, both micaceous_. 682
Shale, dark-gray to black, medium-hard,
laminated, micaceous; some fine sand-
stone in lower part..___ . ___________ 1,133
Sandstone, coarse; interbedded with shale;
some fragments of black dolomite. ______ 10
Shale, dolomite, and fine sandstone with
pyrite__ L ___ 29
Shale, dark-gray, interbedded with light-
gray sandstone. _ .. ___________________ 55
(Hole ended in hard quartzite.)
Pirizal well D-1:
Clay, pale-red; with a few layers of fine
sand; veinlets and crystals of gypsum
locally . _. 1,710
Clay, same as above, with green clayey
siltstone and some gray sandy mudstone_ 1, 400
Siltstone, red; with about 30 percent green,
fine sandy siltstone____________________ 248
Siltstone, green, red, and brown; some
amorphous gypsum_ . ________________ 922
Siltstone, greenish-blue; alternating with
brown siltstone that contains thin sandy
layers. . 200
Siltstone, clayey, red and green; with part-
ingsofsand - ________________.______ 310
Quartz sand, gray, fine- to medium-grained. 30
Siltstone, sandy, red; with a few green
streaks and fragments of anhydrite____ 640
Sandstone, dark-gray, fine-grained; upper
part is hard and crossbedded, lower part
very friable__ . ___ . ________________ 5
Sand, dark-gray, silty_- . ______._________ 10
Shale, pebbly, conglomeratic sandstone and
silty gray sand; small particles of carbo-
naceous material .- ________________ 10
Sand, fine-grained, chestnut-brown.______. 20
Sand, friable, fine- to medium-grained, gray;
with carbonaceous material along bedding
planes. . ________ . 30
Siltstone, sand and gypsum, gray, green, and
dark-red_____________________________ 30
Sandstone, dark-red, fine-grained, silty; con-
tains some gypsum ecrystals; friable in
part. .. 20
Siltstone, red; with sandy streaks_________ 10
Sand, dark-red, fine-grained; with silty
streaks_ _ ___ . ___ 29
Siltstone and sandstone, dark-red_________ 43

Depth
(feet)

4,581
4,856
5, 000
5,343
6, 025
7,158
7,168
7,197

7,252

1,710
3, 110
3, 358

4, 280

4, 480

4, 790
4, 820

5, 460

5, 465
5, 475

5, 485
5, 505
5, 535
5, 565
5, 585
5, 595

5, 624
5, 667

Records of wells drilled by Union Oil Company in the Gran Chaco,

western Paraguay, 1944 to 1949, inclusive—Continued

Pirizal well D-1—Continued

Siltstone, sandy, red to chestnut-brown;
with intervals of fine red sand at 5,750,
5,770, and 5,800-5,840 ft; clean medium-
to coarse-grained quartz sand at 5,710-
5,740 and 5,870-5,910 ft_______________

Sand and siltstone, fine-grained, silty red__

Siltstone, sandy, red to chestnut-brown;
with fine-grained red sand at 6,050-6,090
ft and 6,160-6,170 ft and clean medium-
to coarse-grained quartz sand at 6,040-
6,050, 6,100-6,120 and 6,180-6,220 ft__ ._

Sandstone, fine-grained, silty, red; with red
siltstone at 6,300-6,310, 6,350-6,370 and
6,470-6,490 ft and abundant quartz sand
at 6,370-6,380 and 6,400-6,410 ft_______

Siltstone, red to chestnut-brown; with fine-
grained red sand in lower 20 ft_________

Conglomerate of fine to coarse sand and
well-rounded quartz pebbles . _________

Siltstone, sandy, red__ _ . ______________

No recovery_ .. __.

Siltstone, sandy, red; with thin layers of fine
sand._ .. __.

Siltstone, red and chestnut-brown; with a
few fragments of anhydrite.____________

Siltstone, sandy, pale, red________________

Sandstone and siltstone, fine-grained, red to
chestnut-brown; with some fragments of
anhydrite._ . ________ .

Shale, hard, varieolored.____ .. ____._.__

Siltstone, red to dark-red; with some sand. -

Siltstone and hard shale, red to chestnut-
brown; with some gray-green nodules____

Orihuela well B-1:

Clay, yellowish- to greenish-blue; with fine-
to medium-grained sand_ _____________.
Quartz sand, medium-grained; with some
yellow elay_ - .-
Sand, muddy, fine- to medium-grained,
yellow to dark-red_______.____________
Mud and clay, red to yellow; with & little
quartz sand_____ . _____________.
Mud, sandy, soft, light-red__ ___________.
Mud and clay, dark-red; with quartz sand__
Mud and elay, dark-red; with fine- to me-
dium-grained quartz sand and streaks of
white bentonite orash__ __________..___
Mud and clay; same as above, with layers
of white calcareous sandstone and one
2-in layer of sandy conglomerate_______._
Mud, sandy, dark-red; with laminae of very
soft dark-red elay____ . _________.
Mud; same as above, with one 4-in layer of
soft pebbly sand__ . ________ .-
Sand, light red, muddy, fine-grained______
Sandstone, soft, friable, fine- to medium-
grained reddish-gray, with pebbles_ ____.

Thickness
(feet)

271
72

270

260
94
30
20
16

500

1, 086

20

773
21
946

285

1,100
150
80
1,170

750

60

190
10

20
30

Depth
Geet)

5,938
6,010

6, 280

6, 540
6, 634
6, 664
6, 684
6, 700
7, 200
8, 286
8, 306

9, 079
9, 100
10, 046

10, 331

1, 100
1, 250
1, 330
2, 500

2, 520
3, 270

3, 330

3, 520
3, 530

3, 550
3, 580

3, 880
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Records of wells drilled by Union Oil Company in the Gran Chaco,
western Paraguay, 1944 to 1949, inclusive—Continued

Orihuela well B-1—Continued Th(lfce%egs l()ﬁle)f)h

Sand, muddy, 1.5 ft, red, fine- to medium-

grained; 1.5 ft red siltstone and shale,

with some quartz pebbles______________ 10 3,890
Sand, fine-grained, silty, and sandy silt-

stone_ __ e 10 3,900
Sand, soft, micaceous, brilliant red, fine-

graimed______________________________ 40 3,940
Sand, soft, friable, red, fine-grained__ .____ 110 4,050
Shale, red______ . _______ 40 4,090
Siltstone, sandy, light-red; fairly hard at

top, grading downward to softer and

sandier material__ ___.________._______.__ 70 4,160
Sand, soft, friable, silty, brilliant-red__.___ 60 4,220
Siltstone, sandy, soft fine sand, and thin

layers of clay, all bright red; a little hard

limy sandstone 10 to 20 ft above base_._ 240 4, 460
Sand, silty, bright-red, fine- to medium-

grained______________________________ 770 5,230
Sandstone, hard, fine-grained, light-red_ ___ 10 5,240
Sand, soft, friable, silty, bright-red, mica-

ceous near base____.__________________ 50 5,290
Siltstone, sandy, hard, red; with black stains

of an unknown mineral________________ 10 5,300
Sand, silty, bright-red. . ______________ 150 5,450
Sandstone, hard, fine-grained, light-red__._ 10 5,460
Sand, silty, soft, red; with laminae of clay._ 50 5,510
Siltstone, sandy, bright-red; with laminae

of elay_ - .. 10 5,520
Sand, soft, friable, silty, fine-grained;

with a few laminae of clay_____________ 170 5, 690
Shale, dark-red_ . _______________________ 10 5,700
Sandstone, fine- to medium-grained, reddish-

BrAY - o e 10 5,710
Sand, soft, friable, silty, fine-grained, light-

red .. 46 5,756
Siltstone and shale, bright-red____________ 94 5,850
Sand, soft, friable, red, fine- to medium-

graimed______ . __.__________________ 180 6, 030
Siltstone, sandy, bright-red; with abundant

anhydrite and pebbles of quartz_ _______ 150 6, 180
Sand, soft, silty, fine-grained, red; with

angular pebbles of quartz_ _____________ 60 6,240
Siltstone, sandy; with laminae of red shale

and abundant pebbles of quartz________ 46 6, 286

Records of wells drilled by Union Oil Company in the Gran Chaco,
western Paraguay, 1944 to 1949, inclusive—Continued

Orihuela well B-1—Continued T’('ﬁ%ess {}ﬁf}‘)"
Quartz, white, and quartzitic sandstone,
with fragments of red siltstone and of
pale-green shale_ - ___________________ 255 6, 541
Sandstone, quartzitic, fine-grained; with
stains of iron oxide___________.________ 174 6,715

FOSSILS

The following record of fossils recovered from the
Picuiba well was given to the writer by Dr. Horacio J.
Harrington and is published with his permission.

Fossils from Picuiba well

Depths
Meters Feet
Top of Devonian_ - __________________ 1, 187 3, 893
Plant remains, indet_ _________________ 1, 207 3, 959
Calamitean stems and wormburrows___ 1,273- 4, 175-4, 179
1,274

Cyclostigma Sp__ - - __________ 1, 290 4,231
Palaeonetlosp- . ________________ 1, 333 4,372
Crinoid stems (very similar to those

described by Steinmann from the lower

Devonian of Bolivia)__________ 1, 394-1,398 4, 572-4, 585
Wormburrows and very small Cruziana-

like trails_ _____ . ____.__ 1, 490 4, 887
Brachiopod indet. and plant remains

IOt < - o 1, 502 4, 926
Crinoid stems, like those of level 1,394__ 1, 509 4, 949
Hadrorhachus australis (Clarke) . ________ 1, 561 5,120
Crinoid stems, like those of level 1,394__ 1, 628 5, 340
Tentaculites crotalinus Salter and Austral-

ostrophia mesembria (Clarke).._. 2, 020-2, 022 6, 625-6, 632

This record indicates that the Lower Devonian beds
extend downward at least as deep as the 2,022-meter
level and Harrington writes that he “would not be
surprised to learn that the lowermost 500 meters of the
well are also lower Devonian.” The following table
shows that there is also a very thick section of Lower
Devonian beds in the Santa Rosa well. This record
is taken from a report made to the Union Oil Company
by Harrington and made available to the present
author by the Paraguayan government.
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Distribution of species of fossils in Unio
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OF PARAGUAY

n Oil Company’s Santa Rosa No. 1 well

[Determinations by Dr. Boracio J. Harrington, Universidad de Buenos Air[(;,s, who state? in a report to Union Oil Company that all fossils are marine and of Early
evonian age

Depth in feet
Species
3,055-|3, 6003, 615-|4, 423-|5, 472-|5, 492-|5, 522-|5, 530-| 5, 625 | 5, 960 | 6,290 | 6, 330 |6, 3916, 68816, 69%—|6, 6986, 608
3,065 | 3,602 | 3, 625 | 4,433 | 5,482 | 5,502 | 5, 530 | 5, 540 6,401 | 6, 698 | 6,707 | 6,707 | 6, 707

Ctenocrinus? sp
. ? Anoplotheca silveiti
. Australospirifer cfr. antarcticu,
Acrospirifer (?) sp. nov..
Australostrophia arcei...
A. mesembri

Chonetes falklandicus
Ch. skottsbergi
. Lyorhynchus (?) sp
. Derbyina whitiorum
. Leptaena sp
. Leptocoelia flabellities
. Lingula lepta
. Rensselaeria relicta___
. Schellwienella agassizi. .
. Spirifer s
. Tentaculites crotalinus
T jacudus.. oo .. ..

S

INTERPRETATION OF WELL RECORDS

The following broad generalizations can be interpreted
from the facts available in the well records above and
from the few surface outcrops.

The entire Gran Chaco basin is doubtless underlain
by Precambrian basement rocks, but their surface is
probably everywhere at considerable depth except in
the extreme northeastern part of the Gran Chaco; they
are very deeply buried—more than 3,289 meters (10,331
feet)—in the southwestern part, near the Pirizal well.

The Itapucumi series of limestone and dolomite of
Cambrian and Ordovician age probably overlies the
Precambrian rocks directly i places; how far it extends
west of the outcrops along the Rio Paraguay is un-
known, but it was not recognized in the drill holes nor
does it reappear at the surface in the Andean foothills
west of the Gran Chaco (Ahlfeld, 1946, fig. 23). On the
other hand, quartzitic rocks, not known in eastern
Paraguay, extend beneath the younger rocks at least
as far south as the Santa Rosa, La Paz, and Orihuela
wells.

A thick series of dark-colored marine shale and sand-
stone beds rests directly on the older quartzitic rocks.
These beds, which are more than 1,200 meters (4,000
feet) thick in the Picuiba and Santa Rosa wells, thin
to less than 800 meters (2,600 feet) in the La Paz well
only 70 kilometers east of the Santa Rosa well; most
of the rocks there appear to be older than those in the
Picuiba and Santa Rosa wells. They appear to be
entirely missing in the Orihuela well and, if there at
all, are below the 3,289 meters (10,331 feet) bottom of
the Pirizal well.

There can be little doubt that these marine beds are
at least in part the equivalents of the Caacupé and

Monos and Iquiri groups of beds assigned to the De-
vonian in eastern Bolivia (Ahlfeld, 1946, p. 58-62, fig.
23), where they reappear at the surface in a series of
anticlines that parallel the front of the Andes. The
fossils identified by Harrington in cores from the Santa
Rosa well are evidence for this correlation. It should
be noted, however, that according to Union Oil Com-
pany reports to the Paraguayan Government, the De-
vonian beds in the La Paz well are only about 120
meters (400 feet) thick; these are underlain by a se-
quence of Paleozoic beds that were not in the Santa
Rosa well and with very hard quartzite at the base.

The older Paleozoic beds are covered by a great
thickness of unconsolidated and semiconsolidated beds
of sand, clay, sandstone, shale, and conglomerate.
They are largely red and, so far s can be told, represent
all the Gondwana or Santa Catarina beds (except for
the Serra Geral lavas) of eastern Paraguay, as well as
a Tertiary to Recent series that is not known in the
eastern half of the country. The total thickness of
this accumulation is not known, but it is certainly more
than 3,000 meters (10,000 feet), for in one well, the
Pirizal, these beds were not penetrated at a depth of
10,331 feet. There is nothing in the well logs to show
the break between the Gondwana beds and the younger
Chaco sediments, although, on the basis of recorded
changes of color and degree of consolidation, it appears
likely that the Chaco beds are about 650 meters (2,000
feet) thick, underlain by beds that tend to be harder
and redder than those above.

CHACO SEDIMENTS

The outerops of igneous and sedimentary rocks de-
scribed above make up only a tiny fraction of the sur-
face of the Gran Chaco. The remainder of this vast

Itacurubi series of eastern Paraguay and of the Los

plain, which rises gently from a minimum altitude of
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55 meters along the Rio Paraguay to a maximum of
only about 400 meters along the western border of the
country, is covered by unconsolidated alluvial materials
here called the Chaco sediments. These materials,
called the Chaquena formation in Bolivia (Ahlfeld,
1946, p. 52, and Oliveira and Leonardos, 1943, p. 780)
and the Pampa formation in Argentina (Stappenbeck,
1926, p. 68-170) are little known even at the surface.

The Chaco sediments, that is, those above the Gond-
wana or Santa Catarina sediments, are probably similar
to those of northern Argentina, described in considerable
detail by Stappenbeck (1926, p. 68-170). There, they
range from Miocene to Recent, are largely unconsoli-
dated clay with some sand, and include both marine and
continental deposits. The amount of material of eolian
origin included in these beds is unknown. Sand dunes,
some stabilized and some active, are known at the sur-
face in the extreme northwestern corner of Paraguay.
Kanter (1936) failed to confirm the presence of true
loess in his travels through the Paraguayan Gran
Chaco, but as Ahlfeld (1946, p. 53) points out it is
possible that some of the material at the surface, as well
as in the deeper beds, is loess, deposited by the strong
winds that blow northward from the Argentine pampas
at present and probably also in the past.

Four known occurrences of fossil mammals are re-
ported from the Gran Chaco by Vellard (1934). One
of these is near Reventon, on the lower Rio Pilcomayo;
the other three are along the upper Pilcomayo near
the forts of General Bruguez, General Delgado, and
Salto Palmares. Not all of these localities are shown
on plate 1. Vellard also notes unconfirmed reports of
similar fossils on the banks of the Rfo Negro.

None of these localities have been explored; the finds
have been made by soldiers assigned to the military
posts. The fossils are said to be exposed in the beds
of rivers or along their banks; new exposures are made
at frequent intervals by the constantly changing stream
channels. Vellard says that bones from Reventon
have been identified by A. de W. Bertoni as those of
Glyptodon clavipes, Mastodon andium, and Machranchenia
boliviensis.

STRUCTURAL GEOLOGY

GENERAL RELATIONS

Paraguay occupies parts of two great sedimentary and
structural basins—the Parand basin of southern Brazil
to the east and the Gran Chaco basin of Paraguay,
Bolivia, and Argentina to the west. In its gross
aspects, the geologic structure amounts to a deep
syncline beneath the Gran Chaco whose western limb
rises gradually toward the Andes Mountains and whose
eastern limb rises to a gentle northward-trending anti-
cline that is parallel to and only a short distance east
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of the Rio Paraguay. The easterly limb of this anti-
cline dips at very low angles eastward toward the
Brazilian center of the Parand basin.

The major structural features shown on the geological
cross sections that accompany plate 1 are based more
on the distribution of the major rock units and their
relationship to the topography than on detailed observa-
tions or other knowledge of structural features them-
selves. In many places there are, however, bits of
detailed evidence as to local geologic structures. They
are all shown on the map and many of them are men-
tioned in the text. Thus, the local attitudes of both
metamorphic and sedimentary rocks, as observed by
the author or recorded in the literature, are known at
many widely scattered localities throughout eastern
Paraguay. A few faults are also shown on the map,
though most of them are mapped on very scanty evi-
dence. There is good evidence of minor thrust faulting
in the Itacurubi beds south of Eusebio Ayala (see
fig. 48); the importance of thrusting in the structural
history of the region is quite unknown, however.

ANTICLINE BETWEEN RIO APA AND SAN JUAN BAUTISTA

The anticlinal flexure that separates the two basins
exposes the older Precambrian and Early Paleozoic
rocks from the Rio Apa as far south as San Juan Bau-
tista, where it appears to die out or to plunge south-
ward, for the southward-dipping Triassic rocks cover
the older rocks south of that point. The sedimentary
rocks and the overlying Serra Geral lavas on the east
limb of the anticline dip generally at very low angles
toward the east, but there are reversals of dip locally.
Most of the rock units probably also thicken eastward
for although there is little known local evidence of this,
the entire sedimentary-volcanic section is thicker in
southeastern Brazil than it is in eastern Paraguay.
Available data indicate that the western limb of the
anticline is much steeper than the eastern one, for the
beds that occur at the surface along the anticlinal
axis are more than 3,000 meters (10,000 feet) deep
beneath the central part of the Gran Chaco basin.
It is entirely possible that this drop, or part of it, is
due to a major fault or faults that parallel the general
course of the Rio Paraguay, evidence being masked
by the Chaco alluvial sediments. It seems more
probable that folding has played a more important
role than faulting in development of the structure but
this statement is based on little evidence. Strong
faults with downthrow to the west are known along the
Rio Paran4 in Argentina, south of Paraguay (Harring-
ton, oral communication). Somewhat similar fault
systems are also known north of Paraguay in the
general vicinity of Corumb4d, Brazil (Almeida, 1945,
and Dorr, 1945). Possibly these fault systems also
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continue in Paraguay, roughly parallel to the Rio
Paraguay. If so, they must be somewhat west of the
present stream and buried by the Chaco alluvial
sediments. Only further subsurface data, geologic or
geophysical, will solve the problem.

Theré is some evidence that the anticline has been in
existence, though intermittently, since early in Paleozoic
time. This would account for the sandy nature, as well
as the relative thinness of most of the Paleozoic and
Mesozoic sedimentary units along its axis as compared
with their apparent correlatives in the Gran Chaco
basin and as they are described in the Paran4 basin of
Brazil and in the Andes of Bolivia (Oliveira and Leon-
ardos, 1943, and Ahlfeld, 1946).

The Rio Apa and San Juan Bautista anticline is
doubtless far more complex than described in the last
paragraphs, as indicated by the several faults and the
diversity in attitudes of the Precambrian and Itapucumi
rocks near the Rio Apa and by the absence of older
rocks at the surface between Asuncién and Concepcién,
suggesting a sag in the structure in that area. The com-
plexity is also indicated by the interesting but incom-
pletely understood structural and topographic feature
called the Ypacarai depression. As described by Har-
rington and shown on his map it is a rectilinear valley,
65 kilometers long and 6 to 8 kilometers wide, that
trends northwestward from the vicinity of Paraguari
past the northern end of Lago Ypacarai. It is charac-
terized by a nearly flat floor, covered almost every-
where by swampy alluvium or by the shallow waters of
the lake. It is flanked on both sides by relatively high
abrupt hills whose faces suggest fault scarps or faultline
scarps in many places.

Harrington believes that the depression is a long,
very narrow graben bounded along its sides by major
longitudinal faults and probably by a strong transverse
fault at its southeast end. As evidence of the graben
structure, Harrington cites the presence, 2 kilometers
northeast of Paraguari, of varved clay and of a granite
erratic boulder—seemingly belonging to the Tubardo
beds of Pennsylvanian age but in juxtaposition to beds
of the Caacupé series of Silurian age. He also gives
evidence of strong faulting along the western side of
the depression, marked by fault breccia, locally as much
as 300 meters wide, at a number of places from Para-
guari to some distance northwest of the Vargas Pefia
clay pit near Itaugua. In addition, he saw strong frac-
tures along the eastern side of the depression.

In short, Harrington believes that the Ypacarai
depression represents a downfaulted block that has
dropped the rocks several hundred meters, thus bring-
ing the Tubarfio beds within it down to the level of the
lower Caacupé beds along its sides. There is little
evidence of a transverse fault to close the southern end
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of the depression but there may be one. As mentioned
by Harrington (1950, p. 51) such a fault, extending
from Caballero northwestward past Paraguar{ toward
the Rio Paraguay near Villeta, would explain the ab-
rupt disappearance of the Misiones sandstone south of
a line between Villeta and Yaguarén.

GRAN CHACO BASIN

Studies of the outcropping rocks of eastern Paraguay
and of the records of the deep exploratory wells in the
Gran Chaco indicate the presence of a very deep basin
that centers in southeastern Paraguay, not far north
of the Pirizal well. From this center the rocks rise
northward toward the outcrops of Devonian sandstone
and quartzite near the northern edge of the country.
They also rise eastward, for some of the same rocks, or
their close correlatives, appear at the surface along
the Rio Paraguay and east thereof. Within a few tens
of kilometers west of the Paraguayan border, in Bolivia,
the rocks rise in a series of anticlines, some of them
oil producing, along the eastern flank of the Andes.

Available evidence is far too scanty to determine the
age of the Gran Chaco basin or how much of it is due
to folding and how much to erosion and subsequent
filling. Nor are there any available facts as to the pres-
ence or absence of older structures within the Paleozoic
beds of the basin as distinct from the broad downfold
indicated on section A-A’, plate 1, which, as drawn,
involves the Mesozoic beds as well as the Paleozoic ones.
It secems likely that the major folding took place in
two stages—once after the Devonian marine sediments
had been laid down but before the red beds of Pennsyl-
vanian through Triassic age were formed, and once
during the Tertiary. The latter folding, associated with
the major uplift of the Andes, involved the continental
red beds as well as the older rocks.

GEOLOGIC HISTORY
GENERALIZED ACCOUNT

With the exception of the paragraphs below on the
Gran Chaco plains and on the Alto Parana valley,
most of the following summary of the geologic history
of Paraguay is generalized from that given by Harring-
ton (1950). During Precambrian time a series of
clastic sediments of unknown thickness was folded
and metamorphosed before being invaded by granite
and other acid rocks. Most of the acidic rocks were
deep-seated intrusives, but at some time during this
period there were extensive surface flows and near-
surface intrusions of porphyry. Between the forma-
tion of the granitic rocks and Late Cambrian or Ordo-
vician time there must have been strong uplift and
erosion followed by subsidence, permitting deposition
of the Itapucumi limestone beds under marine con-
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ditions, on an erosional plane carved on the Precambrian
rocks.

In late Ordovician time there was widespread uplift
and regression of the sea, followed by an erosion period
that permited removal of the limestone, and probably
the quartzite, in southern Paraguay and quite possibly
in parts of the area beneath the Gran Chaco. In Early
Silurian time there was a general depression again,
resulting in marine invasion of the Parana basin and
deposition of the Caacupé sediments. Whether the
Gran Chaco basin was connected with the Parani basin
at that time is not known, but marine sediments that
appear to be equivalent to the Caacupé series are
known there. Quite possibly the two basins were only
partly connected, with shoreline conditions, or at
least shallower waters, between them in most places.
Toward the close of the Silurian there was renewed
uplift and erosion, followed in Early Devonian time
by a new invasion by the sea, this time probably
initiated in the Andean geosyncline so that deposition
of the Itacurubi series proceded from west to east,
or from the Gran Chaco toward the Parana basin.

Middle Devonian time essentially marked the last
of marine conditions in Paraguay. From that time to
Late Pennsylvanian or Permian time there was ap-
parently a period of extensive erosion and near-pene-
planation. A glacial period followed, during which
the tillites, varved clays, and other sediments of the
Tubardo series were laid down over most of eastern
Paraguay, possibly over the Gran Chaco as well.
The glaciation was followed by renewed uplift and
erosion until some time in the Permian, when the
Independencia series was laid down under continental
conditions. This period of deposition was again
followed by erosion that led to complete removal of
all the sedimentary rocks in places, notably in southern
Paraguay. During Late Triassic time the Misiones
series of red beds was laid down on the new erosion
surface. The new red beds were soon covered by
outpourings of Serra Geral basaltic lavas fed by fissures
that centered in the Parana basin. The lavas did
not extend much farther west than is indicated by
their present outcrop pattern. The lava flows were
accompanied or closely followed by small intrusions
of diabasic rocks in many places. At some time or
times, from Late Triassic to late Tertiary, there were
intrusions and voleanic eruptions of alkalic rocks.
Some, like the caldera at Acahay and its nearby volanic
cones still retain most of their original form, hence
would seem to be very young, but other bodies of
alkalic rock, such at that at Mbocayaty, are of quite
indeterminate age.

The sparse evidence at hand suggests that there were
no major periods of strong faulting or folding during
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the entire time from the close of the Precambrian until
the Triassic. Instead, the entire region that is now
Paraguay seems to have been the scene of a succession
of gentle risings and lowerings of the crust, each marked
respectively by periods of erosion and marine or conti-
nental deposition. The enormous thickness of conti-
nental red beds in the central Gran Chaco, however,
strongly suggests that a major downwarp, perhaps ac-
companied by faulting, began at some time after the
close of the Devonian. It probably reached its maxi-
mum during the Triassic, but may well have continued
into the Tertiary, when it reacted to the major uplift
of the Andes Mountains by renewed downwarping.

Except for the scattered volcanic rocks, and the
swampy alluvium in many places, little or nothing is
known of the geologic history of eastern Paraguay from
the beginning of the Cretaceous to the present. The
present upland topography is carved by subaerial
weathering and erosion on rocks of Jurassic or older
ages; the lowlands are largely filled, or at least thinly
covered, by fine debris washed from the uplands or
deposited by overflows of the Rio Paraguay. The fact
that Jurassic and younger sedimentary rocks are known
in nearby Brazil suggests that similar rocks may have
been deposited in eastern Paraguay; if so, they have
since been removed completely.

In discussing the valley of the Alto Parané, and par-
ticularly the Salto del Guaird and other waterfalls,
Baker (1923) indicates convineingly that the Serra
Geral lavas have been exposed at the surface ever since
they formed in Late Triassic or Jurassic time. He feels
that the upland surface of the Paran4 basin, incised by
the narrow gorges of the Rio Parangd and its tributaries,
represents one of the ‘“‘oldest known youthful topogra-
phies in the world”” and ascribes the cataracts to head-
ward erosion along the axis of the synclinal basin which
was followed by the Rio Alto Parand. Washburne
(1930, p. 117-122), however, believes the valley of the
Rio Alto Parand to be very late Pleistocene or, more
probably, Recent in age. The narrow gorges in the
Serra Geral lavas he ascribes to simultaneous erosion
along great lengths by constricted rapids rushing down
dip. The cataracts he believes to be due to down-
faulting of the lavas toward the downstream side or to
abrupt upstream dips of the flows.

GRAN CHACO PLAINS

The Gran Chaco, once a structural and sedimentary
basin, is now an aggrading alluvial plain that is being
built up with fine debris from the Andes to the west,
distributed by the many meandering streams that
wander across it toward the Rio Paraguay. How long
or how continuously the alluviation has been going on
is unknown. It probably began at some time in the
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late Tertiary; certainly it is continuing today. The
full answer must await further detailed studies of the
Gran Chaco alluvial sediments themselves and of the
geomorphologic history of the eastern Andes.

To the author’s knowledge, Johnston (1876, p. 499)
was the first to suggest that the Rfo Paraguay is in
process of being shifted toward the east as a result of
the uplift of the Andes. There is considerable evi-
dence to support his belief that the river once flowed
some distance west of its present course and it is being
pushed eastward by the growing alluvial plains of the
Gran Chaco. Thisevidence lies chiefly in the relations
of the river to the outcrops of Itapucumi limestone
from. the Rio Apa southward to San Salvador. On the
east bank of the river the limestone forms almost con-
tinuous cliffs, 3 to 30 meters high, along this entire
stretch; in addition there are a number of small but
significant hills made up of Itapucumi limestone along
the Gran Chaco side of the river from near Puerto
Casado northward (pl. 1). As seen in the field in the
vicinity of Vallemi, as well as by aerial observation and
study of aerial photographs farther south, the river
follows almost exactly the curves in the strike of the
Itapucumi beds for the entire distance. The limestone
cliffs along the river are almost everywhere steep; their
surfaces are rough and pitted (see fig. 43).

A few of the stronger joints in the rock are marked
by narrow, steep to vertical-walled ravines, most of
them choked by large joint blocks that have slid into
them. Most of the steeply dipping joints, however,
are tight and almost unnoticeable on upper parts of the
cliff faces. Yet within a few tens of centimeters of the
river level many of these joints have been widened
downward by solution into open caves, shaped like
inverted V’s. This feature was also described and
sketched by Carnier (1911c).

In addition to the small tent-shaped caves along joints
there is a striking series of longitudinal notchlike caves,
that extend back beneath the cliffs from 60 centimeters
to as much as 15 meters. As seen in April 1952, when
the river was at a fairly high stage, these notches oc-
curred at intervals from the water surface to a level
about 5 meters above it; all were parallel to the water
surface. The upper limit marks the highest river level
in recent history. The solution notches are continuous
across different beds, though they tend to cut deeper
into the purer limestone beds than they do in the
dolomitic ones.

The relationship of the river to the general structure
of the rocks, as well as to the solution features, seems to
mean that the river is pushing against the limestone out-
crops laterally, rather than that it has cut its way down
through them in more orthodox fashion. Had it cut
downward, the limestone, which is extremely soluble in
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relatively lime-free, carbon dioxide-rich water such as
that of this tropical stream, should have been dissolved
almost completely. Outcrops, had they survived at all,
should have been low and rounded, and joints should
have been widened into broad valleys. It seems more
reasonable to suppose that until comparatively recently
the Rfo Paraguay flowed across the alluvium of the
Gran Chaco, west of its present course, and that the
Itapucumf rocks were subject only to subaerial erosion.
Then, as the alluvium encroached eastward, it pushed
the river sidewise against the higher lands of what is
now eastern Paraguay, leaving “islands’ of limestone
protruding through the alluvium farther west, and al-
lowing the river to begin to gnaw away at the main
outcrops.

The only other explanation that occurs to the author
is that the Gran Chaco plains were once higher and
more extensive than they are at present and that the
Gran Chaco basin was then dropped relative to the rocks
of eastern Paraguay. This would, it is true, expose the
limestone suddenly to solution by the river, but it fails
to explain the outcrops of limestone on the Gran Chaco
side of the river—nor does it account for the sinuous
curves of the river that conform to the structure of the
limestone.

MINERAL RESOURCES
SUMMARY

Paraguay possesses large quantities of certain non-
metallic mineral resources, notably clays suitable for
brick, tile, and pottery; limestone and other raw ma-
terials for portland cement and for lime; common and
ornamental building stones; glass sand; tale; and min-
eral pigments. Supplies of all these materials appear to
be more than sufficient to meet all conceivable domestic
requirements.

Except for iron ore, of which there are many small but
rich deposits, the country appears to be very poorly
endowed in most other mineral resources, metallic and
nonmetallic. It has a little manganese, copper, mica,
and beryl, but unless larger and richer deposits are
found in the future than have been in the past, none of
them seem to offer much promise. There is some slight
chance that rumors of the existence of gold, tin, tung-
sten, lead and mercury, and gem stones may vet be
substantiated by actual discoveries or rediscoveries, but
the possibility of finding large or rich deposits of any of
them is rather remote. There are, however, good
geologic reasons for hoping that worthwhile deposits of
salt, gypsum, and bauxite may vet be uncovered.

Even if rich mineral resources were to be discovered,
the general lack of fuels and power would preclude the
development of manufacturing industries on a large
scale. Aside from wood—and water power that is both
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remote and totally undeveloped—the only known source
of fuel or energy in the country lies in the peat deposits
in the vicinity of Pilar. There is a fair chance that
petroleum resources may exist beneath the Gran Chaco,
but if so, their discovery and development will require
the investment of many million dollars in the search
for them.

Available facts on all the known and reported mineral
resources are given in the following paragraphs; the
section on “Future of the mineral industry” contains
suggestions for making the most of the resources that
the country is known to possess and for searching for

others.
BARITE

A vein or veins of barite reportedly exists at or near
Fuerte Olimpo, on the upper part of the Rio Paraguay.
The deposit is probably in one of the bodies of igneous
rock (“porphyry”) that are shown on most maps just
south of the fort (pl.1). It was reportedly examined by
the Union Oil Company as a possible source of material
for heavy drilling mud, but was not developed by them.
Some studies have also been made by other groups, but
high costs of transportation, tariff difficulties, and other
economicfactorshave discouraged anyactive exploration.

BAUXITE

Bauxite, the ore of aluminum, is reported from San
Juan Nepomuceno, Altos, Piribebuy, and Paraguari,
according to notes in the files of the Departamento de
Geologia, Ministerio de Obras Publicas. No bauxite
was seen, but in view of the deep weathering and lat-
erization of most of the rocks in eastern Paraguay,
deposits of bauxite or of high-alumina clay are to be
expected. The alkalic rocks, such as the shonkinite
at Mbocayaty and the phonolite and nepheline syenite
elsewhere, are of special interest in this regard. Weath-
ering and laterization of similar rocks in Brazil and in
other parts of the world have yielded large deposits of
bauxite of commercial grade. The author knows of no
places in Paraguay where these alkalic rocks are weath-
ered to laterite, but it would be surprising if no such
weathered zones exist. All the bodies of alkalic rocks
shown on plate 1 are potential sources. Because of the
lack of fuel and power locally, only large deposits that
could form the basis of an export industry would be of
interest. A determined search for such deposits ap-
pears to be worthwhile.

BERYL

Beryl is reported by Boettner (1947) in pegmatite
dikes near Caracol, not far from the Rio Apa. It is
associated with mica and quartz. Occasional crystals
of beryl are also reported by others from various parts
of the Precambrian terrain in northeastern Paraguay,
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but no deposits that might be workable have come to
the author’s attention.

CEMENT

The country’s one portland-cement plant, which
first went into production early in 1952, is at Vallemi,
on the east bank of the Rio Paraguay, not far south of
the Rio Apa. The wet-grind, rotary-kiln process
adopted is similar in all respects to modern practice in
Europe and the United States except that pulverized
charcoal is used for fuel. The plant itself is an old
Belgian plant, reconstructed at Vallemi by native labor
under the training and supervision of a German cement
specialist. When visited in April 1952, only one kiln,
with a daily capacity of 100 tons, was in operation, but
parts and plans were available for more than doubling
the capacity in future. Except for bags, gypsum, and
balls for grinding, which must be imported, the plant
should be self-sustaining, as raw materials and fuel are
present in abundance and the company has plans for
reforestation as the existing forests are used up. From
the purely technical standpoint, therefore, there is
every reason to believe that the operation could supply
all of Paraguay’s requirements for portland cement and
could even produce some surplus for export. Whether
it continues to do so will depend on the company’s
success in replacing worn plant parts and on economie
or political factors. The Itapucumi series, of Cambrian
and Ordovician age, provides part of the raw materials
for the plant. The deposits consist of limestone and
related rocks that crop out prominently along this part
of the Rio Paraguay. (See fig. 43.) Both argillaceous
and calcareous rocks come from the same quarry, which
is parallel to the river and immediately in back of the
plant so that the quarried rock needs only be moved a
few meters. The quarry face in early 1952 was about
20 meters high and between 100 and 200 meters long.

The lowest and oldest rock exposed in the quarry,
at its extreme north end, is hard light-red silty limestone
that contains much fine-grained mica. Although so
impure that it resembles argillite in the field, in thin
section it is seen to be a slightly siliceous dolomitic
limestone. It is quarried separately from the limestone
that overlies it and is used as the aluminous portion
of the cement mix. It is thinly bedded, strikes nearly
due east and dips south about 20°. It is regularly
bedded but has been sufficiently metamorphosed to
have a slaty cleavage which makes it difficult to break
it along bedding planes, as the rock tends to fracture
into elongate pencillike splinters. The uppermost 2
meters of this argillite unit is yellow instead of red and
the top 30 centimeters consist of soft yellow clay that
contains irregular masses of white to yellow, soft but
coherent, granular calcium carbonate. This yellow
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clay zone may represent weathering along an uncon-
formity between argillite and limestone, particularly
since the overlying beds differ in attitude from those
below. It is equally possible, however, that the dis-
coloration and softening are due to weak hydrothermal
alteration.

A series of limestones, some dolomitic, overlie the
argillite. The entire series is about 50 meters thick,
but only the lower 15 meters are exposed in the quarry
face. The series has been sampled at the surface and
is reported to be comparable in composition to the
rocks exposed in the quarry. No drilling or sampling
of the beds in depth has been attempted. The beds
strike northeastward and dip southeast, or into the hill,
at a rather regular angle of 15°. They are 30 centi-
meters to 1.30 meters thick. There are several con-
tinuous beds of dolomitic limestone that are character-
istically flesh pink to white in color and streaked
or mottled. They are called “bacon rock” locally.
The remainder of the series is made up of alternations
of dark-blue-gray crystalline limestone and greenish-
gray limestone. The blue-gray rock, which is cut by
veinlets of white calcite, is reported to contain an
average of 95 percent CaCO;. The greenish-gray rock,
which has an average content of 80 to 85 percent
CaCO;, is made up of white to dark-gray crystalline
limestone with many irregular slickensided streaks
and nodules of dark-dull-green chloritic material.
Much of this rock could be mistaken easily for ser-
pentine marble. All the rocks in the series are partly
to entirely recrystallized and many of them would
form excellent ornamental marble.

A series of strong, nearly vertical joints that trend
northeastward, 1 to 3 meters apart, cut all the beds.
Some appear to be minor faults, with the beds dropped
from a few centimeters to as much as 2 meters on the
southeast sides. Many of the joints have been opened
by solution, especially near the surface. The resultant
openings, 4 to 75 centimeters wide, are filled with coarse-
grained granular calcium carbonate (caliche) that
cements a breccia of rock fragments. The ecaliche,
which also coats the surface in places, is too high in
magnesia and silica to be used for cement; it, and the
dolomite in the quarry, must be removed by hand
or avoided by selective quarrying.

The rocks are cut by many irregular veinlets of white
calcite, with an opening here and there that is lined
with crystals of calcite, dolomite, or mixed carbonate.
One small grain of chalcopyrite was seen in one of these
veinlets and one irregular mass of white quartz, about
12 centimeters in diameter, has been found. These
facts indicate rather clearly that the rocks have been
subjected to mild hydrothermal alteration.

On the assumptions that the present practice of
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sorting out the dolomite by hand continues to be
successful, and that the higher beds, which will be
reached soon in quarry operations, are no more dolo-
mitic in depth than they are at the surface, the Vallemi
operation seems to be assured of adequate raw materials
far into the future. Even should these assumptions
prove incorrect it is certain that sufficient limestone
of usable grade can be found somewhere within the belt
of outerop of the Cambrian and Ordovician rocks.

CLAY

Clay is one of the most widespread and abundant
mineral resources of Paraguay, and the brick and tile
industry is by far the most important mineral industry
at the present time. In addition to the common clays,
there are many deposits of clay of pottery grade;
they form the basis of a moderate-sized industry that
could be much expanded.

There are 2 few relatively modern plants that employ
some machine methods. Good examples are the Vargas
Peiia plant near the town of Ypacarai, which produces
hollow structural tile, sanitary porcelain, sewer pipe,
and other ware and the large plant at Aregud, which
produces a large variety of cheap pottery. A great
majority of the scores of brick and tile plants through-
out the heavily populated regions, however, are tiny
family affairs, producing only a few thousand brick per
year. In these, the clay is dug by hand from shallow
pits, and moved by wheelbarrow to a central point
where it is thoroughly trodden by oxen attached to a
long sweep. For some purposes, straw or grass is
added to the clay at this stage. The clay is then
further kneaded by hand in small quantities, and packed
tightly into crude wooden or metal molds. After the
rough tops are cut off by means of a wire the bricks
are carried directly to an open grass-thatched drying
shed; thin slabs for tiles are first bent over a wooden
form to give them the proper shape. After several
weeks of drying in the air the products are burned in
a small wood-fired kiln. The final products vary con-
siderably in quality, but most are at least fair to good,
and have a pleasing buff to light red color. Considering
the amount of hand labor that must be expended on
each individual brick it is not surprising that bricks
are roughly twice as large as the standard size used
in the United States and in Europe.

REFRACTORY CLAY

Good refractory clay, suitable for firebrick and other
high temperature uses, seems to be relatively scarce,
but this may be due more to lack of adequate search
and testing than to actual scarcity. Some of the
known clay deposits have at least moderately good
refractory properties. For example, the local clay near
the old Quyquy®6 iron furnace is reported to have yielded
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as good refractory bricks as those imported from
England. The glass plant at Eusebio Ayala uses local
clay for its furnaces, though it has been found best to
burn part of the clay first, regrind it, and then mix it
with unburned clay to get the best results.

ALLUVIAL CLAY

Most of the small cottage-type clay plants depend on
shallow accumulations of clay that characterize nearly
all of the topographic swales in the country. Clay is
naturally far more abundant in the areas underlain by
shale, but nearly all the sandstone contains interstitial
clay material that is released on weathering and con-
centrates in topographic depressions. These near-sur-
face clay deposits are commonly gray to black because
of a high content of carbonaceous material, but a few
are colored red to brown with iron oxides.

WEATHERED SHALE

In contrast to the comparatively small and thin
surface accumulations of clay, most of the larger and
better-grade deposits represent beds of shale, usually
interbedded with sandstone, that are more or less
thoroughly weathered and bleached. More study of
the geologic nature of the clay deposits is needed, but
it appears that all the sedimentary formations yield
workable clay in some places. The deposits along the
west side of Lago Ypacarai, between the towns of
Aregud and Ypacarai are perhaps typical.

There are a number of clay pits from 1 to 2 kilometers
southeast of Aregud on a broad bench just west of the
railroad. The pits expose white to light gray clay
strongly mottled with brown and red to depths of 3 to 4
meters. The clay is very smooth to the touch and is
strongly micaceous. Bricks made from it are a rich
red brown and are of as good quality as any seen in
Paraguay. The clay, which has the appearance of
softened and weathered shale, is overlain by & series of
massive, buff to red, fine-grained, micaceous sandstone
and shaly sandstone beds. The lower beds contain a
few fossils of Silurian age and the entire series of clay
and sandstone is mapped as part of the Caacupé series
on plate 1. The beds strike N. 65° W. and dip 32° SW.
Even though the clay deposits thus dip beneath the
surface, hasty examination indicates that a little
exploration would prove the existence of enormous
quantities of good clay within easy reach of the surface.

The Vargas Peiia clay pit 2 kilometers northwest of
Ypacaraf works beds that seem to be stratigraphically
equivalent with those at Aregud. The beds strike
N. 55° W. and dip 12° SW. Clay is exposed in two
pits, one above the other. The lower one is 60 to 80
meters long, 10 meters deep, and 15 meters wide; the
upper one is shorter but wider than the lower. The clay
in each of the pits is white, very micaceous, contains

little or no sand, and is richly fossiliferous in places.
Locally it is stained brown and contains layers as much
as 10 centimeters thick and a few narrow steeply
dipping veins of light-gray iron carbonate, or siderite,
largely altered to brown limonite. Massive, cross-
bedded micaceous sandstone, about 25 meters thick,
crops out between the upper and lower clay pits. The
relations are not clear but it is believed that the sand-
stone lies between two separate layers of clay. It is
possible, however, that the clay represents a single bed
of altered shale that has been repeated by dropping
along a steep northeastward-trending fault.

Samples of clay from the Vargas Pefia pit were
examined microscopically by Charles Milton. He
found that they contained quartz and altered mica,
with disseminated grains of rutile. The altered mica
appears to be the major constituent of the rock, which
possesses an obscure lamination, with some segregation
into relatively mica-poor, quartz-rich areas. X-ray
examination of the same samples by J. M. Axelrod
showed that the material was made up of quartz,
kaolinite, and muscovite; no montmorillonoid materials
were found.

Other deposits of clay, some pure white and of excel-
lent quality, are known to exist at a point 10 kilometers
north of Tobati and at Iturbe, Yegros, San Pedro del
Parand, Piribebuy, Yhd, in the Gran Chaco, and
doubtless at many other places. The deposits at Yhu,
which are reported to be very good for pottery, are
interbedded with red sandstone of Triassic age (see
fig. 52). The geologic setting of most of the others is
not known, but their geographic distribution indicates
a wide stratigraphic range.

A sample of washed pottery clay from Piribebuy
proved, on X-ray examination by J. M. Axelrod, to
consist of relatively large flakes of kaolinite with a
little mica, quartz, and an unidentified mineral.

According to the report on Concurrencia del Banco
Agricola del Paraguay (Anon., 1911), tobacco pipes
were made successfully from Paraguayan clays in 1903.
The report contains the following chemical analyses
of clays used for this purpose. Of these, the clay from
Tobati is said to have been the best.

Chemical analyses of Paraguayan clays
[Ovidio Rebaudi, analyst]

Villeta Villeta Chaco Tobatf
No. 1 No. 2

13 (0 T 52. 367 49. 693 53. 447 55.100
AlLOs L 38.833 36. 910 40.152 40. 322
Fea03 2. 800 4,120 . 657 .210
. 380 1.810 .410 .298
.120 . 130 .198 Tr.
.372 . 208 . 650 .310
. 230 . 196 .210 . 200
.184 .120 Tr. Tr.
3.739 5.123 3.276 2.932
.978 1. 600 1. 000 . 630
100. 00 100. 00 100. 00 100. 00
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COPPER

Of the several copper deposits that are more or less
reliably reported, only one—the Paso Pindé deposit
near Villa Florida—was seen by the author. Small
amounts of malachite, azurite, and native copper are
persistently and apparently reliably reported from the
vicinity of Encarnacién. Copper is also reported in
and near Colonia Fram, 15 kilometers northeast of
Carmen del Parand, at a place 40 kilometers due east
of San Pedro del Parand, and from many other places
where Serra Geral basalt covers the southeastern part
of the country. The widespread popular belief that
Paraguay is rich in copper is supported in part by re-
ports such as these and in part by the legend that the
early Jesuits produced bronze implements of many
kinds.

Small amounts of copper are unquestionably present
in some places, but most of the reported occurrences are
unsubstantiated by specimens or assay results. It
seems almost certain that many, if not most, reports
are based on the fact that the cavity fillings of bright- to
dull-green chlorite that are so widespread and so
characteristic of the Serra Geral basalt has been mis-
taken for malachite or other green minerals of copper.
It is reasonable to suppose that the reported production
of bronze implements by the Jesuits represents re-
melted and recast Spanish bronze rather than that the
alloy was made from local materials, particularly as
even the legends fail to account for the tin that is an
essential constituent of bronze.

The Paso Pind6 deposit is 8 kilometers N. 18°
E. of Villa Florida and 5 kilometers due east of kilo-
meter post 157 on the Villa Florida-Caapucid highway.
It can be reached from the highway by an unimproved
secondary road. The country rock is largely a dense,
fine-grained aplite that forms broad northeastward-
trending dikes in coarse Precambrian granite. The
deposit is on a weak nearly vertical shear zone, several
meters wide, that trends N. 65° E. and extends at
least as far southwest as the main highway, where
it is well exposed in road cuts. It was not traced
farther in either direction.

The deposit has been explored over an area of 50
to 100 square meters by 3 test pits, each 3 to 4 meters
deep, and by several shallow opencuts. Copper occurs
as malachite and other green oxidation products of
copper sulfides, as films, and as veinlets along seams
and joints of the slightly brecciated aplite. There is
no well-defined vein and little or no evidence of strong
alteration or of large openings that would have per-
mitted the entrance of ore-bearing solutions in volume.
A few pounds of high-grade carbonate ore has been
mined and sorted by hand in the past. More may
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yet be found in depth or along the strike of the fracture
zone, but the outlook for a large or rich deposit is
distinetly unpromising.

FUEL RESOURCES

SOLID FUELS

As noted in the introduction, the chief known fuel
resources are wood and charcoal. Comparatively
small amounts of heat and energy are obtained from
alcohol, hulls of cottonseed and palm nuts and by-
products of the sugar and vegetable oil industries.

Inasmuch as the Gondwana beds contain coal in
other parts of South America and elsewhere, it is
entirely possible that some of those beds in Paraguay
are also coal bearing. No authenticated occurrences
have ever been reported, however.

Deposits of peat are known in some of the swampy
areas along the Rio Paraguay near Pilar. None were
seen by the author, but they are reported to be large.
During 1952 plans were being laid to develop and
exploit these deposits. In view of the serious shortage
of fuel in the country and of the bearing of this shortage
on the total national economy, such plans seem to
deserve continued and strong support. The extent,
fuel value, and usability of the peat resources should
be determined, and other deposits should be sought in
similar geologic settings.

PETROLEUM AND NATURAL GAS

Except for one or two reported oil seeps in eastern
Paraguay, and showings of oil and gas in one deep
well in the Gran Chaco, Paraguay has no known
deposits of petroleum or natural gas. There are some
reasons for believing, however, that resources of these
commodities may vet be discovered beneath the Gran
Chaco plains.

From December 1944 through November 1949, the
Union Oil Company carried out a rather costly and
elaborate prospecting campaign in the Gran Chaco.
Its work included a considerable amount of geologic
mapping and very extensive geophysical studies that
included almost the entire Gran Chaco. Five test
wells, ranging in depth from 2,048 to 3,150 meters,
were drilled. The approximate locations of these
wells are shown on plate 1; partly condensed logs
appear in the section on rocks of the Gran Chaco,
and a generalized interpretation of the logs is given
in figure 53.

The results of the drilling were almost more confusing
than enlightening as to the subsurface geology of the
Gran Chaco. In the two northwesternmost wells,
Santa Rosa and Picuiba, great thicknesses of marine
shale and sandstone of Devonian age beneath more
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than 1,000 meters (3,000 feet) of continental red beds
were found. The La Paz well, only 70 kilometers
east of the Santa Rosa well, showed that the Devonian
shale had thinned from more than 1,200 meters to
only 120 meters in that distance, but that it was
underlain by a thick series of Paleozoic beds, reportedly
very different in appearance from any of those in the
Santa Rosa well. Conversely, the 3,149-meter Pirizal
well, 130 kilometers south of the La Paz well failed to
reach the marine sediments, demonstrating an enormous
thickness of continental red beds there. In the
Orihuela well, 210 kilometers east of the Pirizal, nearly
2,000 meters of red beds were penetrated and the drill
passed directly into an old quartzite, probably Cam-
brian and Ordovician in age, thus proving the absence
of Silurian and Devonian marine sediments in this area.
Evidence indicates a deep basin in the marine
sediments, filled with continental red beds of Mesozoic
and Cenozoic age that centers somewhere near the
southwestern border of Paraguay, not far from. the
Pirizal well. Whether this depression is due to folding
or to erosion and removal of the older marine sediments
is unknown to the author; nor is the structure within
the older beds known. It is clear, however, that these
older beds rise to or above the surface eastward as
well as toward a large domelike structure that has an
apex near the extreme northwest part of the republic.
Despite the fact that only one well of the Union Oil
Company—the Picuiba—found positive indications of
the presence of oil and gas, the possibilities of eventual
discovery of commercial petroleum or gas have not been
exhausted. Very thick carbonaceous marine shale
beds, possible sources for petroleum, are known in the
area. An extensive structural basin filled with alter-
nating layers of shale and porous sandstone, which could
under favorable circumstances serve admirably as re-
reservoir rocks for accumulations of petroleum, is also
known to exist in the area. Moreover, oil is produced
in Bolivia in the anticlines on the western flank of this
basin. The existence or location of minor folds, an-
cient shore lines, or other possible stratigraphic or
structural traps within the basin is of course quite
unknown, but it seems reasonable to suppose that such
features may exist and may have been missed by the
inadequate exploration that has taken place to date.
Only further exploration can discover the unknown
structural features. Such exploration would neces-
sarily be both extensive and expensive; it would also
require larger amounts of equipment and technical
skills than were available in Paraguay when this report
was written. The discovery of petroleum resources
would mean so much to the national economy, however,
that serious consideration should be given to developing
the ways and means of making further search for them.
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GEM STONES

There is a possibility, though only a remote one, that
small quantities of precious or semiprecious gem stones
may someday be found in Paraguay. The reported
beryl in some of the pegmatites in the Rio Apa region
naturally indicates the possibility that, as in Brazil,
some may be in the form of emerald or of aquamarine,
though admittedly no reports of such occurrences have
come to the author’s attention.

Similarly, comparison of the general geologic relations
in eastern Paraguay with some of the diamond-bearing
areas farther north in Brazil, suggests that the basal
conglomerate beds of the Lower Silurian Caacupé series,
which locally mark the contact between these beds and
the Precambrian granitic rocks, might yield stream-
worn diamonds to thorough search. Such search, if
attempted, should be done in the full realization that
the chances of finding diamonds are extremely slim,
particularly since there is little or no knowledge as to
the sources of the Silurian conglomerate.

Many of the beautiful amethysts and agates that
are produced in Brazil and Uruguay are derived from
cavity fillings in the Serra Geral basalts that are appar-
ently identical with those that cover a large part of
southeastern Paraguay. Some beautifully colored
agates and a few pale but otherwise gem-quality
amethysts have indeed been collected from the Para-
guayan rocks from time to time. Active search among
the basalt outcrops themselves or among the pebbles
along the Alto Parand and other streams that drain the
basalt area, would doubtless serve to discover additional
material, though it is impossible to say in what quantity
or quality.

Some of the younger volcanic rocks, such as those at
Cerro Tacumbd in Asuncién, contain crystals of clear
green olivine, or “evening emerald”’ as much as 1 centi-
meter and more in diameter. It is probable that most,
if not all, such crystals are so cracked or otherwise
flawed as to be worthless for gem material, but it would
seem worthwhile to check this conclusion by further
examination of the rocks and of soils derived from them.

GLASS SAND

The local glass industry depends almost entirely on
alluvial deposits of fine sand that accumulate as bars
in some of the streams. These form an inexhaustible
supply of fairly good material, though none of those
seen are clean enough to yield high quality glass. The
best apparent source of cleaner material known to the
author is the white saccharoidal sandstone member of
the Caacupé series. This sandstone, which could be
very easily crushed, appears to be made up almost
entirely of quartz grains in most places except for sma'l
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specks of magnetite that could be easily removed by
magnetic or gravity methods.

The best single source of pure silica for high-quality
glass making now known is the large body of white vein
quartz in the Precambrian rocks north of San Miguel.
This body, described in the section on the older Pre-
cambrian rocks, would yield large quantities of quartz
of extreme purity. Extraction and crushing would be
very expensive as compared to the sandstones and
alluvial sands. Quite possibly other sources of good
quality siliceous material will be discovered as the
geology of the country becomes better known.

GOLD AND SILVER

There are, almost inevitably, many legends to the
effect that rich deposits of gold and silver were found
by the early explorers and priests who settled Paraguay.

De Mersay (1860), for example, says that the early
Jesuits are supposed to have taken fabulous quantities
of gold from San Miguel. He notes the presence of
deposits of white vein quartz there as supporting the
possibility that at least small quantities of gold may
actually have been found.

Though it is certain that these people sought the
precious metals vigorously, and that they enlisted the
original inhabitants to aid them in their search, there
are no authentic records known to the author that they
were successful. More important, there are no known
evidences of old placer or other mine workings.

Reports of gold and silver discoveries are still made
occasionally, but so far as known, none have been sub-
stantiated by samples or by assay results showing more
than traces of either metal. The possibilities that pre-
cious metals exist in paying quantity cannot be denied,
but in view of the record to date the outlook is dis-
tinetly unpromising.

GYPSUM

No commercially valuable sources of gypsum (cal-
cium sulfate) are known to exist, yet the same reasoning
applies here as to that for salt deposits (p. 91).
Sporadic crystals of clear gypsum, or selenite, occur in
some of the clay soils along the Rio Paraguay near
Concepeién and south of Asuncién. De Mersay (1860),
for instance, notes the presence of blocks of gypsum,
used to whitewash houses, in the banks and bed of the
Rio Paraguay at latitude 26°17’ S., not far from
Alberdi; he mentions several other localities along the
Rio Paraguay and the Parand. A little gypsum could
doubtless be found elsewhere, though it is improbable
that extraction from such sources could ever be made
to pay. It seems entirely possible, however, that gyp-
sum, like salt, might be found somewhere within the
continental beds that underlie the Gran Chaco. In
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view of the comparatively small but continuing need
for gypsum for plaster and for cement-making, cautious
exploration by means of deep, carefully drilled wells
may eventually be justified.

IRON

Many rich but comparatively small deposits of hem-
atite and magnetite iron ore are known to exist in
Paraguay. Most of them are in the Precambrian rocks
that extend southward from Quiindy to near San Juan
Bautista, but others are known in the Cordillera de
Amambay and still others may exist in the body of
Precambrian rocks just south of Rio Apa.

So far as is known, there are no extensive deposits
of bedded iron ore such as constitute resources of major
importance in Brazil and in Venezuela. Nevertheless,
the hematite-magnetite deposits of Paraguay do have
considerable potential value, at least to the local econ-
omy. As described below, all the iron needed by Para-
guay during the War of the Triple Alliance (1865-70)
was successfully produced by a small charcoal-fired
furnace that used locally produced ores. There is
every reason to believe that similar but more modern
furnaces would be as successful today and that the
country could thus supply a part of its needs for iron
(p. 96).

In addition to the veinlike deposits of hematite and
magnetite, there are several other possible sources of
iron. None are as promising as those just mentioned.
A curious and little-known deposit of earthy lodestone
occurs near Yuty (p. 86). Moreover, the lateritic
material represents a very large reserve of low-grade
iron ore whose chief constituent is hydrous iron oxide,
or limonite. It ranges from a few centimeters to sev-
eral meters in thickness and is widespread. Because
of its availability and of the relative lack of gravel or
other surfacing material it is used extensively for road
metal. The laterite unquestionably contains an enor-
mous amount of iron in the aggregate and a few schemes
to use it as iron ore have been proposed from time to
time. No analyses are available, but it appears almost
certain that it contains too little iron—probably not
more than 25 percent at best—and too much silica and
alumina, to be usable as ore with present reduction
methods.

EARLY IRON INDUSTRY

The following description of the early iron industry
is taken largely from De Mersay (1860) and Du Graty
(1865). The iron deposits in the general vicinity of
Caapuct were discovered in 1847 but their existence
was kept secret until 1854 when the Government estab-
lished the iron industry as a monopoly. There are no
records of the total production nor of the life of the
enterprise, but it was continued at least through 1870,
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for it furnished most of the iron for cannon, cannon
balls, and other weapons throughout the bitter War of
the Triple Alliance (1865-70).

The furnace was established at Ybycui, 15 kilometers
northeast of Caapuct, apparently because there was a
stream there, which, when dammed, could furnish
adequate waterpower to operate the crushers and the
blower. Clay for refractory bricks was found in the
same valley in which the furnace was located. Experi-
ence showed that the bricks were better and longer
lived than those that had been imported from England.

The iron ore first used came from Caapucd but after
the mines there reached water level they were aban-
doned and most of the ore used in later years consisted
of three parts specular hematite from near Quyquyé
and one part magnetite from San Miguel. This latter
ore was used because it was easily melted, even though
it contained less iron than the hematite. The follow-
ing analysis of San Miguel magnetite, quoted by
Du Graty (1865), shows that it contained 31.91 percent
of metallic iron compared with 40 to 50 percent in the
ores from Caapucid and Quyquyé.

Analysis of magnetite from San Miguel
Percent

Si0a. 50. 29
AlOs . 4. 57
MnO,. -l 1. 73
FeO_ 21. 28
Fe203 ______________________________________________ 21. 95
Loss (ignition) _____ _____ ___________ . _____ 18

100. 00

The furnace, at which 119 men were employed,
had a capacity of 5,000 pounds of ore and flux and
consumed an equal quantity of charcoal, producing
1,000-1,100 pounds of iron per 12-hour charge. The
flux was a limy marl from near Paraguari; becsuse of
its low lime content, it was used in the proportion of
one part flux and two parts ore. '

The iron produced was of very good quality, being
low in silica and carbon and containing no sulfur or
phosphorus. The following analyses of typical iron
made from different ores, are given by Du Graty (1865).

Analyses of iron produced at Ybycui

Hematite from

Hematite Caapuctt end

from Quyquyod, 75

Caopucth percent, and
and magnetite from

Quyquys San Miguel,

100 percent 25 percent
Ye o _______ 95. 78 96. 60
C, __________________________________ 2.76 2. 05
S ... 1.17 1. 00
P None None
P ______ None None
Loss_ o _______ .29 .35
100. 00 100. 00
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APICHAPA MINE

The Apichapd mine (also known locally as the Loépez
mine), one of the chief sources of iron ore for the War
of the Triple Alliance, is about 4 kilometers northwest
of Caapuecti, 300 meters east of kilometer post 136 on
the Quiindy-Caapucd highway. The country rock is
massive pink to gray Precambrian quartz porphyry,
with a strongly developed set of joints that trend
N. 35° W. The ore occurs along a zone that is possibly
150-200 meters long and that trends N. 20° E.; it seems
to be closely related, if not actually a part of, a strong
northward-trending fracture zone that extends a dis-
tance of at least 20 kilometers (see fig. 2) and shows
prominently in aerial photographs of the area. The
main deposit was exploited by an opencut 50 to 75
meters long, 6 meters wide, and 3 meters deep that
trends N. 20° E. Some streaks of ore and of altered
rock are visible over a radius of 50 meters from the
center of the cut, but apparently none were thought
to justify exploration. The ore body has been almost
completely worked out above the water table; its down-
ward extension is not known, but early workers are
supposed to have stopped work at a depth of 3 meters
because of water rather than for lack of ore.

Small piles of ore left on the dumps consist of specular
hematite and considerable quantities of magnetite,
intergrown with much dense olive-green epidote and
varying amounts of crystalline quartz. Hand speci-
mens of this material, which range from 2 to 98 percent
iron-oxide minerals, probably represent lower grade
material than that sent to the-furnaces at Quiindy.

The deposit is worked out above the water table and
does not appear to be either large or very promising.
Further exploration in depth and along the strike of the
strong fracture zone would appear, however, to be justi-
fied.

DEL PUERTO DEPOSIT

The Del Puerto deposit is 3 kilometers northwest of
Caapucti, 500 meters west of kilometer post 138 on the
Quiindy-Caapuct highway. The country rock 1is
largely dense pink to brown Precambrian quartz por-
phyry of the kind that is typical of this area, but there
are considerable quantities of porphyritic rocks with
somewhat different textures and possibly different
compositions. The deposit is explored by two shafts,
each 4 meters or more in depth, and each filled with
water and debris to within 1 meter of the surface.
They are 50 meters apart along a vertical vein, 1 to 2
meters wide. It trends N. 10° E. and, like the Api-
chaps (Loépez) mine deposit, is closely related, if not
actually a part of, a strong and continuous northward-
trending fracture zone in the Precambrian rocks.

The vein material, which may have formed in part as
a fracture filling and in part by replacement of the wall
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rocks, is an open boxwork of white te gray crystalline
quartz with some gray, yellow, and red opal and con-
siderable amounts of specular hematite and dense red
hematite.

There is a little relict pyrite in places, and the shape
and texture of the cavities in the boxwork indicates
that most if not all of the material that has been dis-
solved to form them was pyrite. As shown by the
chemical and spectrographic analyses on pages 23 and
24 (specimen P-31) the wall rock of the vein con-
tains a little barium and zine, which indicates that the
vein matter may contain barite and sphalerite or other
minerals of barium and zine in places.

The vein shows evidence of alteration of the country
rocks by mineral bearing solutions and seems to deserve
further exploration in depth or along the strike. Tt
seems probable that any iron minerals present would
be too contaminated by sulfur to be desirable for iron
ore. However, there is reasen to hope that pyrite may
exist in quantities sufficient to be a worthwhile scurce
of sulfur—a commodity that is in much local demand.

DEPOSIT SOUTH OF CAAPUCT

About 6 kilometers southeast of Caapuct, 800 meters
west, of kilometer post 148 on the Caapuct-Villa Florida
highway there is an iron deposit that was worked during
the War of the Triple Alliance. It is in a saddle near
the top of a small heavily forested hill. The country
rock is dense fresh quartz porphyry like that at the
Apichapé and Del Puerto deposits; the contact between
the porphyry and a large body of coarse granite is only
a few meters west of the deposit. There is one opencut
about 40 meters long, and 3 to 6 meters wide that trends
N.10°W. TIts original depth is not known, as the bot-
tom is filled with water, but the part above water is
about 8 meters deep. Only a few fragments of specular
hematite were found on the dumps and the walls of the
cut are fresh, unaltered porphyry. These facts sug-
gest that the ore was rich, that there was a clean line
of demarcation between ore and wall rock, and that the
deposit was exhausted to or below the waterlevel.

DEPOSIT NEAR PASO PINDO

About half a kilometer northeast of the Paso Pindé
copper deposit, which is 8 kilometers N. 18° E. of Villa
Florida, there is a circular area about 50 meters in
diameter that is very rich in iron ore. The country
rock is coarse Precambrian granite and lies a little north
of the belt of sheared aplite that contains copper at
Paso Pindé. The surface material in this ares is almost
entirely iron ore, composed of an intergrowth of specular
hematite and magnetite. Samples taken by R. M.
Miller are reported to have yielded no sulfur and no
phosphorus on analysis. The deposit is totally unex-
plored and the flat terrain precludes any guesses as to

its shape or extent in depth. Unquestionably, how-
ever, it deserves investigation.

YTA-CUE MINE

Rich deposits of magnetite and specular hematite
near San Miguel are reported by Du Graty (1865) to
have been among the first worked during the War of
the Triple Alliance. The deposits were not seen by the
auther, but are probably those worked by the Yta-cué
mine, 3 kilometers north-northeast of San Miguel.
According te unpublished notes by Ing. H. Almada
Saprisa, circa 1950, the mine consisted of a series of
pits that explored a body or bodies of magnetite along
the northeasterly strike of a series of micaceous quartz-
ite beds.

AGUIRRE-CUE MINE

According to the unpublished notes of Ing. H. Almada
Saprisa, the Aguirré-cué mine is at the sharp bend of
Arroyo Yguary, about 12 kilometers southeast of
Quyquyb. His notes say that the deposit, in aplite
and quartz diorite country rocks, was developed by a
trench 50 meters long and 8 to 10 meters wide. No
information on the amount or character of the iron ore
is available.

DEPOSIT NEAR ROQUE GONZALEZ DE SANTA CRUZ

Small specimens of nearly pure specular hematite
were seen that were reliably reported teo have come
from near Roque Gonzalez de Santa Cruz (also called
Tabapy) between Carapegua and Quiindy. This is the
farthest north that iron ore has been found in southern
Paraguay. If the reported locality is correct, the de-
posit is doubtless in the granitic rocks that crop out in
several stream valleys beneath the Paleozoic sandstone
deposits in this vicinity.

DEPOSIT TN AMAMBAY REGION

A number of specimens of excellent specular hematite
ore were seen from the ‘“Amambay region, near Pedro
Juan Caballero’’; no closer locality description is avail-
able. The ore is identical in appearance to that from
the various deposits farther south in the vicinity of
Caapucti; associated rocks are crenulated mica schist,
with granite and quartz porphyry that are very similar
to those from Caapuct. Conradi (1935) mentions the
presence of iron-bearing boulders of these rocks near
Pedro Juan Caballero, but saw none of the material in
place.

YUTY DEPOSIT

A deposit of lodestone is known to exist about 12
kilometers northwest of Yuty (Bertoni, 1940, p. 194).
Several small samples of the material were dull brown,
compact and earthy, and resemble the usual limenite,
or mixture of hydrous iron oxides, except that the
samples were strongly magnetic and attracted small
pieces of iron. Elongate fragments, when balanced on
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of lead and silver, patrinite, antimonite, and six un-
identified copper minerals. Some of these mineral
names suggest the possibility that they represent
specimens that originated in Bolivia or Peru rather
than Paraguay.

FUTURE OF THE MINERAL INDUSTRY
GENERAL STATEMENT

Available facts indicate that Paraguay is very poor in
mineral resources except for certain nonmetallic mate-
rials, such as clay, limestone, tale, sand, and various
kinds of building and ornamental stones. It is possible
that further exploration will serve to uncover other
resources. Even if such hopes should prove to be
ill-founded, however, there is every reason to believe
that profitable local industries could be established that
would provide some or all of the nation’s requirements
for certain commodities and would conserve some of its
foreign exchange. :

The author’s pessimistic conclusion as to Paraguay’s
relative poverty in minerals is not reached lightly nor
without reluctance. Nor is it based entirely on the
results of the present 6-month reconnaissance that was
inadequate to examine more than a small fraction of
the mineral possibilities. Instead, it is based in part
on history and in part on generalized knowledge of
the geology of the country.

For nearly four and a half centuries, many men,
some highly skilled in their profession, have sought
mineral wealth in Paraguay. It is easy to believe that
all of them may have missed the obscure or the deeply
covered deposit, but almost inconceivable that all
would have failed to discover obvious deposits that
would be most easily found and developed. The fact
that they have not done so is in itself strong presump-
tive evidence that easily discovered deposits do not
exist.

So far as the geology is now known, the Precambrian
rocks offer the best chances of discovering deposits
of metallic minerals. Unfortunately, these rocks are
covered in most places by barren sedimentary rocks,
or by swamps and many of the exposures that do exist
are remotely situated and difficult to explore. None
of the younger igneous rocks appear to be of the kinds
with which ore-bearing solutions are usually associated.
As a result, neither they nor the swrrounding sedi-
mentary rocks, none having been fractured or meta-
morphosed enough to make them promising receptacles
for ore deposits, seem to be of much promise.

These conclusions are at variance with widespread
popular beliefs within the country that are based in
part on the inevitable enlargement of legends with
time, and in part on failure to distinguish between
mineral occurrences and mineral resources. The be-

lief in existence of gold and silver resources, for ex-
ample, seems to be based entirely on stories that the
early Jesuits found and produced fabulous quantities of
these metals. Actually, there are no authentic records
of such production and no assay reports or other proof
that paying quantities of gold have been found since
the time of the Jesuits. Again, the almost universally
held belief that Paraguay is rich in iron is based on
the well-known fact that local mines and furnaces
produced all the iron needed in Paraguay’s epic struggle
against three powerful adversaries—Argentina, Brazil,
and Uruguay—during the War of the Triple Alliance.
As a matter of fact, Paraguay does possess rich iron
deposits, but there are many reasons, geologic and
otherwise, for believing that they are far too small,
individually and collectively, to form the basis of an
export business. Too, many beliefs in mineral riches
are based on small specimens, with little or no proof
that they represent workable quantities of ore. Thus,
though manganese and copper are undeniably present
in several places, there is no evidence known to the
author that bodies of commercially workable size and
grade have ever been discovered or developed. Simi-
larly, though specimens of sheet mica can be seen in
many private and public collections, none of those seen
were of much more than scrap quality; moreover there
is little more than hearsay evidence that large deposits
of mica, regardless of grade, have been discovered.
Part of the author’s pessimism is based on the mere
fact that most specimens of metallic and other minerals
or ores seen are far below commercial standards. It is
only human nature to select better-than-average
material for specimens; if all specimens of such easily
recognized materials as gold, mica, manganese, and
copper ore are mediocre in quality, it is difficult to
believe that the deposits from which they came are
much, if any, better. This reasoning does not apply, of
course, to the less-easily recognized minerals, such as the
ores of tin and tungsten, nor to such things as petroleum
that can only be discovered by extensive underground
exploration,

SUGGESTIONS FOR PROSPECTING

Present knowledge strongly indicates that Paraguay
is relatively poor in mineral resources. Details of the
geology are but imperfectly known, however, and many
parts of the country are so inaccessible as to have
escaped very careful search for minerals. Further
exploration, therefore, seems justified.

Many suggestions for prospecting are offered on pre-
ceding pages in descriptions of individual commodities.
These suggestions are only summarized here.

In searching for deposits of the metallic minerals,
and many of the nonmetallic ones, it is always well to
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proceed from the known to the unknown. The best
chances of discovering more iron ore, for example, will
lie in further exploration, in depth or laterally, of known
deposits. This should be the first rule; the second should
be to confine the search to favorable geologic settings.
So far as is now known, nearly all the metallic deposits,
as well as all the tale, pyrophyllite, beryl, and mica, are
associated with Precambrian rocks in the Rio Apa and
Amambay regions and in the general vicinities of
Caapucti and San Miguel. This fact alone should
limit the search to a very small part of the country’s
area. In this connection, however, the geologic map
should be only a guide (pl. 1), for it is entirely possible
that fairly large areas of Precambrian rocks may exist
that are not shown on it. Conventional methods of
prospecting should be followed in most cases; in the
search for iron ores, it is probable that geophysical
methods that take advantage of their magnetic prop-
erties might serve to discover ore bodies that are not
exposed at the surface.

Few, if any, guides can be given for hunting new
deposits of clays, building stones, or bauxite. Only
detailed geologic mapping of large areas would provide
such guides. It is suggested, however, that serious
prospectors take account of the deep weathering that
characterizes most of the rocks, and prepare to expose
unweathered material by trenches, pit, or soil augers.
Mazé (1952) outlines procedures for exploring common
clay deposits that might be applied to other materials.

The shortages of fuel and power in Paraguay are so
acute that serious efforts to alleviate them seem justi-
fied. There is a good possibility that commercial
quantities of petroleum exist in places beneath the
Gran Chaco. In view of its potential importance to
the national economy, serious efforts to search for it
should be encouraged. Present efforts to develop the
peat deposits near Pilar deserve strong support.
There is little reason to expect authentic discoveries of
coal, but every reported discovery should be followed
up, as should reports of salt and sulfur deposits.

DEVELOPMENT OF LOCAL INDUSTRIES

There is an excellent possibility of establishing several
small new industries, or of modernizing existing ones,
using local mineral resources and producing goods for
local consumption. Such industries, whether fostered
by the Government or by private enterprise, would
result in freeing Paraguay from dependence on imports
for some of its requirements and would, of course, con-
serve corresponding amounts of the nation’s foreign
exchange. They would also have long-range advantages
in encouraging the search for mineral resources and in
developing skills on the part of Paraguayan workers in
mining and treating mineral products.

GEOLOGY AND MINERAL RESOURCES OF PARAGUAY

IRON

Because the known reserves of iron ore appear to be
small, both as to total and as to individual deposits,
and because of the lack of fuel, the possibilities of de-
veloping an export trade in iron ore or of developing a
large local iron and steel industry are definitely not
encouraging. On the other hand, there does seem to be
an excellent chance of developing a small local industry,
capable of supplying at least a few hundred tons per
year of wrought iron and related forms of iron and even
of steel. This iron could be made locally into such
things as plowshares, crowbars, chains, machetes,
anchors, ornamental grillwork, and many other items
that are normally imported. Moreover, all such items
have enormously higher value than the raw iron ore
from, which they are derived, so that the country’s
economy would benefit by the difference between the
money that would be received from exporting raw ore
and that which would be spent on importation of
finished products.

The kind of iron works envisioned would be small
modern blast furnaces or perhaps small Bessemer con-
verters, both fired with charcoal, and similar to those
that are in successful use in Brazil. Such furnaces are
the modern descendants of the primitive furnaces or
forges that were used in Paraguay during the War of
the Triple Alliance and in Texas and Alabama during
the War Between the States. Small modern furnaces
could be constructed cheaply and quickly, largely from
native materials, so that capital outlay and imports of
materials would be small. Charcoal for fuel and lime-
stone for flux are available in Paraguay in unlimited
quantity, hence no imported materials would be needed
after the furnaces were in operation.

If it is not already available in Paraguay, the requisite
technical knowledge to build and operate the furnaces
might come from Brazil. That country produces at
least 500,000 tons of iron and steel per year from small
charcoal furnaces; it has done and is doing a great deal
of research on the technology and economics of such
furnaces.

BUILDING AND ORNAMENTAL STONES

Paraguay possesses a great variety of rocks that
could easily supply all local needs for ornamental stone
and that could even be developed into an export trade
if regular production of superior material could be as-
sured. Even if production of finished ornamental stone
were undesirable or impossible for any reason, there is
no apparent reason why a single kilogram of crushed
marble for terrazzo floor tiling and the like, of powdered
marble, or of lime or limestone in any form should ever
be imported by Paraguay.

Many types of sandstone are already being produced.
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These range from white to red in color and many of
them form very attractive stone for flagstone walks,
walls, and exterior facing for buildings. Large quan-
tities of broken stone, mostly basalt or other dark-
colored igneous rocks, are used for street paving, for
rough wall construction, and for foundations of all
kinds. All these materials are quarried by very simple
methods and little or no attempt is made to improve
their natural appearance by cutting, polishing, or other
dressing.

In addition to the rough building stones mentioned
above, it should be possible to produce many kinds of
marble from the large deposits that outcrop along the
Rio Paraguay from the mouth of the Rfo Apa south-
ward to San Salvador. These rocks range from uniform
white or gray through mottled and striped rocks of
various shades to what should be an excellent verd
antique serpentine marble. Crushed and powdered
marble of a high degree of chemical purity could be
produced as a natural byproduct of a small marble
industry, or could be easily produced by the Vallemi
cement plant, which already has all the requisite crush-
ing and grinding equipment. The possibility of using
the waste products from the Vallemi plant for agricul-
tural limestone is discussed on page 87.

Several distinct types of light-colored granite with
very attractive texture, all durable and suitable for
ornamental stones, exist in the general vicinity of
Caapuct and Quyquyd, and probably elsewhere. There
is also some strikingly beautiful and extremely tough
black “granite” (alkalic shonkinite) at Mbocayaty.

The establishment of an ornamental stone industry
would require, in addition to technical knowledge that
is probably not now available in the country, a con-
siderable investment in equipment for quarrying, cut-
ting, and polishing the stone, Once the industry were
established, however, about the only continuous import
requirements would be small amounts of explosives for
quarrying and abrasives and acids for cutting and
polishing.

GLASSWARE

Except for three plants that produce common bottles
and jugs, virtually all of Paraguay’s requirements for
glass are imported. This is a particularly unfortunate
situation because, with such a fragile and bulky com-
modity, transportation charges necessarily form a high
proportion of the final costs. Paraguay could probably
not compete successfully at this time with foreign pro-
ducers of plate glass or the finer grades of domestic
glassware, but there is no reason why it could not pro-
duce most of its requirements of the common grades of
glass for commercial and domestic use, such as heavy
water glasses, bottles, jars, and other containers. A
cheap local source of glass jars would remove one of the
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chief obstacles in the way of preserving more fruits and
other foods for domestic use and even for export, than
is done at present. It would also provide a constant
source of supply for the local bottling industry, which
is now forced to shut down from time to time because
of a lack of containers.

Silica sand is the main ingredient of all glass. Sand
and sandstone are abundant in most parts of Paraguay.
Much of it is of excellent quality and purity for glass-
making, although most of the sand contains enough
iron to tint the glass green or yellow. This difficulty
can be avoided by careful selection of iron-free sand
or by the addition of small quantities of manganese
oxide, also available locally. Most of the white or
nearly white sandstone, such as that near Tobati and
Piribebuy, contains iron in the form of distinct particles
of magnetite (iron oxide); it should be easy to produce
iron-free sand from such material by crushing and
washing, thus separating the iron particles by means
of gravity. In places where electricity is available
magnetic methods of separating the iron-oxide minerals
could be employed.

In addition to silica sand, the chief ingredients of
glass are feldspar and soda ash. Adequate supplies
of feldspar can almost certainly be found in the pegma-
tites between Concepcién and the Rio Apa. If not,
or if transportation costs from that region are excessive,
feldspar is a far cheaper commodity than finished glass
and the requisite amounts could be imported. The
same reasoning applies to soda ash, which is used in
relatively large amounts in glassmaking. There are
no known deposits of sodium carbonate in Paraguay,
but this is a cheap commodity and it would certainly
be cheaper to import soda ash than glassware.

Glass factories require comparatively small capital
investments for machinery, and either wood or charcoal
are adequate as fuels. Existing plants would require
modernization, particularly in improved chemical con-
trol of the raw materials and in control of temperatures
if any serious attempt is made to supplant imports.
It is probable that the necessary technical skills are
already in the country, either among Paraguayans
who have learned glassmaking techniques in the existing
factories or among some of the immigrants from
Germany and other European countries.

MINERAL PAINTS

Paraguay uses comparatively large quantities of
paint for both exterior and interior decoration. Vir-
tually all the paint needed is imported, either as pigment
or as prepared paints, yet there is abundant material
locally to supply all the requirements for yellow, orange,
pink, red, and brown colors that are used. This material
exists in the form of the rich iron ores near Caapucy, in
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the low-grade lateritic iron ores that cover the surface
in much of central Paraguay, as concretions of iron
carbonate in some of the clay deposits, and in various
other forms. The only treatment needed toproduce
excellent mineral pigments from such materials consists
of washing, roasting under carefully controlled con-
ditions, grinding, and grading as to color. The resultant
pigments should be equal in most respects to imported
products.

The suggestion that Paraguay could produce much
of its own paint is not original; DeMersay (1860) in
his description of the red soils of the Misiones, near
Encarnaciéon, Trinidad, and other towns along the Alto
Parand, says that the early Jesuits used local materials
in decorating their churches and colleges. He says
that “clay veins” in the soils yielded red ochre, which
was calcined, ground, washed, and mixed with a
mucilage made from the juice of a local cactus (Cactus
peruvianus). He adds that yellow and white paints
were made in the same way as the red ones.

A small pigment industry would require only a
few hundred dollars worth of washing, grinding, and
roasting equipment. Technical knowledge can be
easily gained by experiment and from the literature, or,
perhaps better, by sending a technician to Brazil
where there is a well-developed though primitive
pigment industry. Except for the initial machinery,
no raw materials would need to be imported in order
to produce pigments regularly.

Production of pigments alone would save many
dollars of foreign exchange annually. The saving could
be increased several fold if finished paints, instead of
pigment, were produced. Locally produced tung,
linseed, and castor oils could be easily and economically
treated to produce excellent vehicles for paints. If
these oils were used, a fair share of the country’s
paint requirements could be met with no imports
other than turpentine, small amounts of dryer, and
containers for the final product. High-grade modern
paints would, of couse, also require the importation of
white lead, lithopone, and other ingredients. As noted
above, glass containers could be produced locally,
saving additional amounts of foreign exchange.

PORTLAND CEMENT

The portland cement plant at Vallemi has already
demonstrated that it is technologically possible to pro-
duce good portland cement in Paraguay. Large re-
serves of raw material and fuel are available locally.
Except for machinery parts and balls for grinding, the
only materials that must be imported are a few tons
of gypsum per year and paper bags for sacking the
finished product. Paper bags could be replaced by
locally made cotton bags or wooden kegs if that should
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seem desirable to conserve a little additional foreign
exchange. )

As this is the only large-scale mineral industry now
in Paraguay, except for brick and tile, and as it is
capable of producing all of the vitally needed cement,
it would appear advisable for the Government to use
all possible means to encourage and maintain regular
production and to place the venture on a sound finan-
cial footing. This is even more desirable if the Vallemi
plant is capable of producing an exportable surplus of
cement over Paraguay’s requirements.

POTTERY AND CLAY PRODUCTS

Paraguay contains abundant deposits of clay suitable
for most grades of pottery, earthenware, and many
other products, yet it still imports a large proportion
of its needs of finished goods. Many of these needs
could be produced locally with adequate modern ma-
chinery and careful technical control throughout the
manufacturing process. Probably the initial investment
would be relatively large, but continuing imports of
raw materials would be small and would be confined
essentially to coloring materials and to ground feldspar
for glazes. As suggested in the paragraph on glass-
making, there is a strong probability that requirements
of feldspar can be met locally when more is known about
the bodies of granitic rock near the Rio Apa and else-
where in the country.

TALC AND PYROPHYLLITE

Tale, which is used as a filler in insecticides, soaps,
paints, and many other products, is imported in com-
paratively small, but nevertheless important, quantity.
One deposit of talc is known near San Miguel and was
being actively explored in 1952; other deposits will
doubtless be found. As described above, there is also
at least one very large deposit of pyrophyllite, which
is adaptable to most of the same uses as tale, north of
Caapucu.

It is doubtful that the local material is of sufficiently
high grade to be used in preparation of toiletries, but
it should certainly be able to compete successfully with
imported talec for most commercial purposes. More-
over, if a cheap local source of tale were available, the
demand for it would probably increase.

WATER RESOURCES

Water is unquestionably the most valuable single re-
source in Paraguay. There are possibilities of develop-
ing hydroelectric power at the Salto del Guaird on the
Rio Parand and at smaller falls on several major tribu-
taries of that stream. Were it not that all the potential
sources of water power are so remote from centers of
population, such possibilities doubtless would have been
realized long ago. In addition to this potential use, wa-
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ter provides dependable transportation routes through
most of the country, and is essential for the farming
and livestock industries on which the livelihood of the
country depends,

EASTERN PARAGUAY

Because of the heavy annual rainfall (see fig. 3) and
the numerous perennial streams (pl. 1), virtually all
of eastern Paraguay is abundantly supplied with water
for all agricultural and stockraising pursuits. Even so,
some crops suffer from drought damage at times, and
in parts of the area it is necessary to build small earthen
storage dams to provide water for cattle through
droughts that may last 6 months or even more. In
many areas, however, the problem is one of too much
water, rather than too little. A glance at plate 1 reveals
enormous areas that are swampy or marshy during at
least parts of every year. Some of this marshy ground
is well adapted to rice culture. Most of it, however, is
suitable only for grazing land and is not even very
desirable for that purpose because the grass it supports
is inferior in nutritive value and there is danger of mir-
ing of stock. Recent experiments at the stock ranch
of the Institute of Inter-American Affairs at Barrerito,
12 kilometers east of Caapuct, have shown that the
swampland there can be easily converted to excellent
grazing land, and at comparatively low cost, by means
of drainage ditches. Similar experiments in drainage
appear to be justified elsewhere in eastern Paraguay. It
is to be expected, though, that some of the poorly
drained soils that are derived from shale and similar
rocks may not be as easily drained as the soils at Bar-
rerito, which are derived from granite.

Virtually all the water needed for domestic and
industrial use in eastern Paraguay comes from wells or,
to much less extent, from stored rainwater. It is
difficult to understand why surface water is not used
more widely. Nearly all the larger communities are
on the banks of the Paraguay or Parand rivers, or on
their major tributaries. All these streams carry a
superabundance of water that could be recovered at
little cost. All doubtless are bacterially contaminated
and would require treatment, but it is certain that none
can possibly be as contaminated as are many of the
raw surface-water supplies in, for example, the United
States.

In Asuncién, much of the water for domestic use
comes from shallow dug wells that depend on near-
surface seepage for their supply. There are also a
few deep wells, drilled to depths of 60 to 100 meters,
which yield adequate supplies of good water from.
what appears to be the principal zone of saturation in
this vicinity. A few deep wells in Asuncién have been
failures because they were drilled into sills of basaltic
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rock similar to that exposed on Cerro Tacumbu, but
apparently most of the wells that are more than 60
meters deep are successful in finding water. Both
dug and drilled wells are, of course, subject to con-
tamination from surface wash unless they are properly
protected.

Ground water conditions in most other communities
are believed to be similar to those in Asuncién. Gener-
ally speaking, moderate to large supplies of fresh ground
water will be found in all the alluvial materials and
sandy rock formations throughout eastern Paraguay.
Formations that are made up principally of shale or
clay will yield little, if any, water. The same state-
ment is probably true of some of the volcanic rocks
and of the rocks in parts or all of the Precambrian
areas. The only known exception in the latter cate-
gory is at the Barrerito ranch east of Caacupé. There,
a well at the ranch headquarters tapped a good supply
of water after almost 70 meters of solid granite had
been penetrated. It is believed that the water occurred
along one of the major northeastward-trending fault
zones shown on plate 1 in that vicinity.

GRAN CHACO

Despite the innumerable streams that meander over
the surface of the Gran Chaco (see pl. 1), water, and
lack of water, are the chief obstacles in the development
of its vast lands for agriculture, stockraising, or other
uses. This paradox is caused by the fact that in this
arid tropical climate the surface waters tend to alter-
nate between states of flood and of drought, when most
streams and waterholes become dry. A closely related
and no less important factor is that most of the water,
both surface and underground, is reportedly so highly
mineralized as to be unfit for most uses. Bad water,
as well as the periodic lack of water of any kind, is
generally supposed to have caused more casualties to
both sides during the Bolivian-Paraguayan Chaco War
of the 1930°s than did enemy action. Similarly,
scarcity of water for both drilling and for camp use
was one of the greatest problems met by the Union
0il Company in its exploration for petroleum during
the midforties.

There are a few relatively deep water wells in the
Gran Chaco, both in the Mennonite colonies in the
interior and in several of the settlements along the
west bank of the Rio Paraguay. Except for these,
most of the scattered army posts and ranches depend
on shallow dug wells, on natural waterholes, or on
small earth-dammed reservoirs for domestic supplies
and for cattle. Such supplies are unsatisfactory at
best and are of course unreliable during prolonged
droughts.

The few facts available suggest that the water-
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supply problems of the Gran Chaco are not necessarily
insurmountable. A vigorous but careful effort to
solve them might well result in development of sufficient
water to make the Gran Chaco outstanding in meat
production and possibly agricultural food products.

The ideas presented here are nebulous in the extreme,
because of lack of specific local knowledge. They are
supported, however, by many facts from the Argentine
Pampa, which is the southerly extension of the Chaco
Boreal of Paraguay and where the geologic conditions
are similar. Stappenbeck (1926) gives many details
of the geologic and ground water conditions in the
much more highly developed and more thickly popu-
lated Pampa. His work includes many well logs and
chemical analyses, as well as a small-scale map showing
the distribution of artesian conditions not far south of
the Paraguayan Gran Chaco.

In any attempt to develop water supplies in the Gran
Chaco, ground water must be used rather than the
more obvious surface supplies. Even though the sur-
face waters are abundant and of good chemical quality
during wet seasons, the topography is such that no
large or deep reservoirs are feasible. It thus seems
impracticable to count on storage of fresh flood waters
for use during droughts when the streams dry up or
become too salty even for cattle. Instead, it would
seem that the principal problem offered by the surface
waters is one of drainage and of flood-protection. Such
works, desirable though they may appear, are doubtless
beyond the ability of the Paraguayan economy in the
forseeable future.

Too little is known of the geology of the Gran Chaco
to permit pinpointing of the area or areas that might
yield usable supplies of ground water or formulation of
any detailed suggestions as to the best methods for
developing it. Two possible geologic sources of water
are apparent, however, and both include very large
geographic areas.

One source is the great sedimentary basin that
occupies all but the northern part and the easternmost
fringe of the Gran Chaco. The subsurface geology of
this basin is known in a most general way from the
records of the few deep exploratory wells put down by
the Union Oil Company. No records are available to
the author as to the quantity or chemical quality of
any water that may have been in these wells. Any
such information would be of doubtful value, for wells
drilled in search of petroleum are notably prone to miss
evidence that bears on water supplies.

It is known that the Gran Chaco basin contains a
thick series of unconsolidated sediments and sedi-
mentary rocks, that many of the rocks must be perme-
able to water, and that some crop out at the surface
and, hence, provide catchment areas in Bolivia and
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northern Paraguay. Owing to the basinal structure,
artesian conditions probably are widespread, though
whether flowing wells can be obtained even on low
ground is not known. Both the quantity and quality of
the water in these sediments are of course conjectural,
but by analogy with other sedimentary basins through-
out the world it is reasonable to suppose that they con-
tain fresh water in places, which might be recoverable
by pumping or artesian flow from deep wells. Any
more definite knowledge as to the availability of water
at depth must await much more detailed knowledge of
the subsurface geology of the Gran Chaco than is
presently available. Considering the number of aqui-
fers that must be present, it is entirely possible that
wildcat wells might strike fresh water. The knowledge
gained by means of such wells could be made the basis
of a deep-well drilling program, backed by thorough
geologic and geophysical studies.

The chances of developing fresh-water supplies from
shallow aquifers in the Gran Chaco are somewhat more
promising and easier of accomplishment than are the
chances from deeper parts of the basin.

In a few parts of the Gran Chaco, the permanent
water table is relatively near the surface and yields
fresh water readily to pumped wells. In some places
the lower part of the fresh-water zone grades down-
ward within a few tens of centimeters to water that is
s0 highly mineralized as to be unfit for use; elsewhere
the fresh water is separated from underlying mineral-
ized water by impermeable layers of clay. The few
available analyses of “salt’” waters in the Gran Chaco
indicate that the principal constituents are of sulfates
and chlorides of sodium and magnesium. No infor-
mation is available as to whether any fresh-water
zones exist beneath the “salt’” waters.

The near-surface stratigraphy of the Gran Chaco is,
of course, no better known than is the stratigraphy of
the deeper and older beds. Because of the continental-
alluvial conditions under which the younger beds were
deposited, it is likely that most if not all of the younger
beds are decidedly discontinuous, and, hence, that
conditions found in any one well could not be extra-
polated more than a few kilometers at most from the
point of discovery.

If any serious attempt is made to develop near-
surface supplies of fresh ground water in the Gran
Chaco, the first necessary step would be to make an in-
ventory of available information on all existing wells.
On the basis of the data so derived, a series of explora-
tory wells 30 to 100 meters deep could then be drilled,
with provision for offsetting any successful wells so as
to delimit the areas that yield fresh water at reasonable
depths. Any such program should be under the direct
supervision of a geologist experienced in ground-water
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investigations, for, in the absence of surface exposures,
useful information as to existence or distribution of fresh
water can be gained only from close observation and
control of the drilling operations and from study of the
records so obtained. Once some guides are established
by the suggested exploratory wells, geophysical meth-
ods might be used to trace out fresh-water-bearing
horizons. Careful attention to and experimentation
with methods of drilling, casing, and screening are at
least as important as is geologic control, for there is
always grave danger of missing fresh-water aquifers en-
tirely, or drilling through them and contaminating the
fresh water with underlying salt waters.

This suggested program of exploration has the virtue
of flexibility as to scope; it could easily be restricted to
small areas where the need for water is the greatest.
Moreover, whatever its scope, it bears promise of
possible reward far beyond its cost.

SOILS OF PARAGUAY

By Pepro T1RADO SULSONA

About 70 percent of eastern Paraguay is covered by
relatively deep residual soils that range from loamy sand
to sandy clay in texture. They are classified in seven
major soil series, the differences between them more
closely related to the parent materials from which they
were derived than to any other single factor. The re-
mainder of eastern Paraguay is covered by transported
soils, divided into four series; like the residual soils, all
are sandy. As would be expected from its geologic
history, virtually all of the Gran Chaco is covered by
transported soils ranging from sandy loam to clay that
are classed in six major soil series, with distinctions
based more on drainage and topographic position than
on parent materials or other features. The soils of
Paraguay are described briefly in the accompanying
table; their general distribution is shown in plate 3.

The soils of eastern Paraguay provide favorable
to adequate conditions for root penetration, aeration,
and water absorption and retention. The areas of
transported soils, however, are generally characterized
by a water table near or at the surface.

The residual soils are low in exchangeable calcium
and phosphorus, and low to adequate in organic ma-
terial and in nitrogen. They are commonly acceptable
to high in exchangeable magnesium and potassium.
Most are acid, the pH ranging from 5.8 to 6.8. The
alluvial soils are higher in all nutrients than are the
residual ones and can generally be considered as ade-
quate for agricultural purposes if proper drainage can
be attained.

All the eastern soils, transported and residual, tend to
be very low in the minor elements, such as copper, zinc,
manganese, and cobalt, which are known to be essential
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to healthy plant or animal growth. This shortcoming
is doubtless a dominant factor in the slow growth and
maturity of cattle, and perhaps it even contributes to
the comparatively small stature of most of the people.

The absence of minor elements, as well as the low
content of such elements as calcium and phosphorus, is
a direct result of the geologic and soil-forming history
of the region. As most of the soils are derived from
sandstone, whose constituents represent long periods of
weathering and of rather thorough sorting, it is only to
be expected that they contain much smaller amounts of
many essential elements than would soils formed from
the weathering of rocks or mineralized zones that were
richer in such materials. Moreover, all the eastern
soils have evolved under tropical conditions, with heavy
precipitation, so that much of the nutrient material
they may have had originally has long since been re-
moved by leaching.

The Gran Chaco soils are, as would be expected,
richer in all the essential chemical elements than are
those of eastern Paraguay. They represent alluvial
material that, geologically speaking, has been freshly
washed down from a great variety of rocks in the Andes
and that has had little opportunity to lose these ele-
ments by leaching. Were it not for the high water
table and the abundance of magnesium sulfate and
other salts, there is little doubt that the Gran Chaco
soils would be far more amenable to agriculture and to
stockraising than are those east of the Rio Paraguay.
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Jardin Botdnico y Mus. de Historia Nat., v. 4, p. 63-81,
Asuncién.
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Cross, Whitman, 1897, The igneous rocks of the Leucite Hills
and Pilot Butte, Wyo.: Am. Jour. Sci.,, ser. 4, v. 4, p.
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Dana, J. D., 1914, System of mineralogy: New York, Wiley &
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Decoud, Hector Francisco, 1906, Geografia de la Republica del
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DeMersay, Alfredo, 1860, Histoire physique, economique et
politique du Paraguay et des etablissements des Jesuits:

Librairie de L. Hachette et Cie, Paris, 486 p. plus atlas of
maps.
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mineral resources.
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typed, in files of Dept. de Geol., Min. des Obras Publicas y
Communicaciones, Asunci6n.

Brief summary of reported mineral occurrences.

——— 1952, Objecto e importancia de la delimitacién de los
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Good descriptions of geography, with a few notes on geology.
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Few notes on geology, including data on early sources of salt.

Pohlmann, Robert, 1886, Gesteine aus Paraguay: Neues
Jahrbuch fiir Mineralogie, Geologie und Paleontologie,
Stuttgart, v. 1, p. 244-248.
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Absorbing and factual history.

Wasghburne, C. W., 1930, Petroleum geology of the state of Sdo
Paulo, Brasil: Comm. Geog. e Geol. do Estado de Sao
Paulo, Bull. 22, 282 p., map, Sdo Paulo, Brazil. (Also
published in Portuguese, 1939, by Dept. Nac. da Producdo
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Includes good description of Salto del Guaird and of nearby
geology.
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Describes physiography, geology, soils, and ground water,
particularly in eastern Paraguay.

Willman, Karl, 1915, Zur Petrographie von Uruguay: Disserta-
tion, 29 p., Miunchen.

Describes a Piao d’Agficar in Uruguay that is remarkably
similar to the one in Brazil on Paraguayan border. Erroneously
listed in some bibliographies as ‘Zur Petrographie von
Paraguay.”
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Santa Rosa well, fossils from_

recordof_________________
Sapucal, phonolite from__________________________ o ____.
Schist. See Metamorphic rocks.
Scoria, of Acahay caldera_ ... o o.___
Seco, Arroyo, mica deposits near.
Sedimentary rocks, of eastern Paraguay _
Serra Gerallava, age. ... ..

chemical analyses of . . ienes

description
erosion of __ ..
@XPOSUTES - - e eeee
extent - . e

stratigraphicrelations_ . ____.._______________ . __
structure sections______________
Shale, in the Caacupé series
of the Itacurubi series....___._.
of Tubarfo series. e
weathered - __ e
Shonkinite, analyses of__
description of samples
Siderite concretions

Soils of Paraguay, by Pedro Tirado Sulsona.
Southeastern Paraguay, igneous rocks
Precambrian rocks
quartzite in__ 13
Spectrographic analyses, of alkalicrocks. ... _______________ 50
of Precambrian rocks

T

Tabapy. See Roque Gonzalez de Santa Cruz.

Tacumbi, Cerro 33, 35, 83, 99
Tarrant, L. N., density analyses by_ - ... _____________._ 23, 35,47
Teju-cuaré, Arroyo, fossils from._.___________________________________________. 67
Temperature .78
Tertiary system, sedimentary deposits________________________________________ 66-67
Tillite, in rocks of Tubaréo series_ .. ______ . _____ 22,24, 62
I ¢ TR - 94
Tirado S., Pedro, Soils of Paraguay._. - 101
Tobati, clay depositsat____.__.._._____ - 81
deposits ofocher______________________ . 56, 89-90
exposures of sandstone at_____________________________________________ 55-56, 57
Topography___________________________
Transportation.._

Tres Hermanos hills, rocks of
Triassic system, igneous rocks
sedimentary rocks of . .l

See also Misiones sandstone.

MINERAL RESOURCES

OF PARAGUAY

Trinidad, fossils from_.______ .. 67
sedimentary rocks near 65-66
Trumbull, Lois D., chemical analyses by
Tubar#o series, correlation__________________ .. 63
description

Union Oil Company, well records. - - oo
Upper shale and sandstone unit of Caacupé series

Vallemi cement plant_. .. 79, 87,98
Vargas Pefia clay pit_. - 54-55, 57, 59, 76, 81
Vargas Pefia tile plant.__
Vegetation -
Villa Florida, copper deposit near
Precambrian rocks near. _ ___________._________
Villa Hayes, outcrops of red sandstone near..____.___._____.__________________ 68-69
Villarrica, mica porphyry from
rocks of Tubarfo series near__
Villarrica, Sierra. See Ybyturuza, Sierra,
Villeta, fossils found near
Voleanic rocks. . L 12

‘Water resources, eastern Paraguay.__. . _______________________ . _________
in the Gran Chaco._..._.___
possibilities for developing.__

Well records, interpretation..
of wells in the Gran Chae0. ... - ...

Yaguardn, granitenear__________ .
Misiones sandstone at. -
manganese deposit....__

Yahape, Cerro....__________

Ybyeui, early iron industry at.- ...

Y bytymi, nepheline basalt at-.- e

Ybytymi, Cerro.._________________

Ybyturuzi, Sierra, olivine diabase on

Yegros, clay deposits at ... _._____________

Yhaguy, Arroyo, iron sulfide minerals near

Yha, clay deposits at_ .

Ypacarai, alkalic rocks near.
analysis of rocks from . _____
arkosic sandstone Near-. ...
Misiones sandstone near.._
paving stone from______
tile industry at___-.

Ypacaraf, Lago. . . e

Ypacaral depression.. . ...

Ypacarai quarry... .. ...

Y pané, fossils found near. _

Y PO, LAgO0- oo o e

Yta-cué mine
Yuty lodestone deposit- - e
VA
Zanji Moroti, analyses of rocks from 23
Precambrian rocks ab._ .. . 21



