




Sources of Fertilizer 

Minerals in South America 

A Preliminary Study 
By J. F. HARRINGTON, D. E. WARD, and V. E. McKELVEY 

GEOLOGICAL SURVEY BULLETIN 1240 

Geology and technology of fertilizer
mineral deposits of phosphates, potash, 
and sulfur and suggestions for further 
exploration in South America 

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1966 



UNITED STATES DEPARTMENT OF THE INTERIOR 

STEWART L. UDALL, Secretary 

GEOLOGICAL SURVEY 

William T. Pecora, Director 

Library of Congress catalog-card No. GS 66-306 

First printing 1966 

Second printing 1967 

For sale by the Superintendent of Documents, U.S. Government Printin~ Office 
Washin~ton, D.C. 20402 - Price 60 cents (paper cover) 



CONTENTS 

Page 

Abstract_ ________ _ 
Introduction ______________________________ _ 2 

Analysis of the gC'ologic C'nvironment _________________ . _ _ _ _ _ _ _ _ _ _ _ _ 3 
Acknowledgments_______________ _ _ _ _ _ _ _ _ _ _ _ 4 

Phosphate deposits_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ G 
Mineralogy__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5 
Geology______________________________________ _________ G 

Igneous apatites__________________________________________ G 
Marine phosphates________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7 
Residual phosphorite_______________________________________ 10 
River-pebble deposits______________________________________ lO 
Phosphatizcd rock______________________________ _ _ _ _ _ _ _ _ _ _ _ 10 
Guano___________________________________________________ 10 
Othertypes_______________________________________________ 11 

Technology of phosphate_____________________________________ 11 
Treatment methods____________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11 
Phosphate-fertilizer manufacture____________________________ 12 
Transportation____________________________________________ 12 
Factors in appraising exploitability _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12 
Mining methods___________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13 

Potash deposits____________________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13 
Mineralogy___________________________________________________ 14 
Geology______________________________________________________ 14 

Bedded potash deposits_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14 
Brines and salt crusts______________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 16 
Other potash sources__________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 16 

Technology___________________________________________________ 17 
Treatment methods________________________________________ 17 
Mining methods___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 18 

Sulfur sources, geology, and technology_____________ _________________ 19 
Frasch-produced sulfur from salt domes__________________________ 19 
Sulfur in recent volcanic rocks__________________________________ 20 
Pyrites_______________________________________________________ 21 
Smelter gas___________________________________________________ 21 
Gypsum and anhydrite_________________________________________ 22 
Coal_________________________________________________________ 22 
Other sedimentary deposits_____________________________________ 22 
Petroleum, natural gas, and bituminous rocks_____________________ 22 

III 



IV CONTEN.'DS 

Page 

Survey of fertilizer minerals in South America ________________________ - 23 
Argentina____________________________________________________ 23 

Sulfur____________________________________________________ 24 
Volcanjc type_________________________________________ 24 
Sulfuric acid__________________________________________ 26 

Potash___________________________________________________ 26 
Phosphate________________________________________________ 26 

Phosphorite___________________________________________ 26 
Apatite_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 27 
Thomas slag__________________________________________ 27 

Bol~ia_______________________________________________________ 27 
Sulfur____________________________________________________ 28 
Phosphates_______________________________________________ 28 

Brazil________________________________________________________ 29 
Phosphates_______________________________________________ 29 

Olinda phosphorite deposits_____________________________ 29 
Araxa apatite deposit_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 31 
Jacupiranga apatite deposit_____________________________ 32 
Serrote apatite deposit_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 33 
Guariruva apatite deposit______________________________ 33 
Ipanema apatite deposit________________________________ 34 
Monteiro apatite deposits_______________________________ 34 
Annitapolis, Tapira, and Ipira apatite deposits____________ 34 
Pirocaua phosphate____________________________________ 35 
Trauira Island phosphate_______________________________ 35 
Guano deposits________________________________________ 36 

Potash___________________________________________________ 36 
Sergipe rock salts______________________________________ 36 
Potash from sea water, feldspars, and other sources________ 38 

Sulfur____________________________________________________ 38 
Chile_________________________________________________________ 39 

Phosphates_______________________________________________ 39 
Igneous apatite deposits________________________________ 39 
Guano_______________________________________________ 39 
Marine phosphate rock_________________________________ 40 

Sulfur____________________________________________________ 40 

Smelter gases and sulfide_------------------------------ 40 
Volcanic-type sulfur deposits____________________________ 41 

Potash___________________________________________________ 42 
Colombia_____________________________________________________ 42 

Sulfur____________________________________________________ 43 
Phosphates_______________________________________________ 43 

High-phosphorus slag__________________________________ 43 
Sedimentary phosphorites ____ -------------------------- 43 
Phospha tized rock_____________________________________ 44 

Current phosphate reconnaissance___________________________ 44 
Potash___________________________________________________ 45 

Ecuador______________________________________________________ 45 
Geology and future prospects ___ ---------------------------- 45 



CONTENTS V 

Sur\·ey of fertilizer minerals in South America-Continued Page 

Peru_________________________________________________________ 47 
Phosphates_______________________________________________ 47 

Sechura Desert phosphorite_____________________________ 47 
La Oroya phosphorite___________________________________ 49 
Submarine phosphates__________________________________ 49 
Guano_______________________________________________ 51 

Potash___________________________________________________ 52 
Sechura Desert potash brines___________________________ 52 
Other salt deposits______________________________________ 54 

Suliur____________________________________________________ 54 
Venezucla____________________________________________________ 55 

Phosphates_______________________________________________ 55 
Riecito phosphorite_____________________________________ 56 
Lobatera phosphorite, Tachira State______________________ 56 
Other Cretaceous phosphorites__________________________ 57 

Sulfur____________________________________________________ 57 
Potash___________________________________________________ 58 

Summary and outlook_____________________ ________________________ 58 
Present consumption___________________________________________ 58 
Phosphate resources_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 59 
Potash resources_______________________________________________ 60 
Sulfur resources_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 61 
Nitrates______________________________________________________ 61 
Steps toward expanded production and usc_______________________ 62 

Bibliography______________________________________________________ 64 

ILLUSTRATION 

PLATE 1. Principal known deposits and prospects of phosphate, potash, 
and sulfur in South America________________________ In pocket 

TABLES 

Page 
TABLE l. Characteristics of principal types of phosphate deposits________ 8 

2. Stratigraphic column for the Coastal Province of Ecuador_____ 46 
3. Comparison of analyses of typical washed pellets from Sechura, 

Peru__________________________________________________ 49 
4. Comparison of the composition of Sechura phosphate with that 

of north Africa and the United States____________________ 50 
5. Summary of reserve estimates of phosphate rock, Sechura de-

posit, Peru_____________________________________________ 51 
6. Generalized section of the Middle Miocene Zapayal Formation 

(marine) in depression area 2, Sechura deposit, Peru________ 51 





SOURCES OF FERTILIZER MINERALS IN SOUTH 
AMERICA-A PRELIMINARY STUDY 

BY .T. F. H.\RRINGTON~ D. E. WARD, and V. E. McKELVEY 

ABSTRACT 

People in many South American countries are largely dependent for food upon 
their own agricultural output. Diminishing crop productivity from worn-out 
depleted soils is :-;erious. Essential fertilizers needed to rejuvenate depleted soil:-: 
are phosphates, nitrogen, potash, sulfur, and limt>. together with minor amounts 
of such elements as manganese and boron. 

South Amerif'a's consumption of fertilizer minerals is in large part met by 
imports. Xeeds ar«:> far above combined imports and domestic production and 
are in part refleeted iu the large food imports. Requirements for fertilizer min
erals by 1970 will likely be at least five~ times the consumption in 196G. Develop
ing South America's potential for fertilizer-mineral production will go far toward 
meeting needs. This survey deseribe:-; vrincipal indigenous ·deposits of phosphate. 
potash, and sulfur in South America. 

Resources are substantial and prospects bright for inereased production of 
phosphate, votash, and sulfur in South America. 'l'he newly discoYered Sechura 
Desert vhosphate depositl'l and potash brines in northern Peru rank muong the 
world's major reserves. As they come into production, phosphate and potash 
supplies for the western part of South America will be Yastly increased. Needs 
for sulfuric acid on the west coast can he met from huge sulfide-ore deposits 
and copper and zinc smelters in Chile :and Peru. Guano, apatite, high-phosphate 
iron ores, and small sulfur mines are of great imiiOrtance as local sources of 
fertilizers in western South .America. Chile produces a limited amount of 
sodium and potassium nitrate from coastal desert deposits. Prospects for sub
stantial in<'reases of guano production are not encouraging. 

In the eastern part of Routh America, Brazil and Venezuela both mine phos
phorites from marine sedimentary formations and have possibilities for develop
ing further ore reserves. In addition, Brazil also has large igneou:-:; apatite 
deposits, ~ome producing and others being deYeloved. In Argentina seYeral 
large areas of marine sedimentary rocks are being explored for petroleum; these 
formations may also be possible areas of exploration for phosphates and potash. 
Salars in Argentina ~honld be thoroughly ilwestigated for potash salts or brines. 
Igneous apatites similar to those of Brazil may be found in Argentina. A 
possible major source of potash salts in Brazil is being explored in Sergipe 
Province in northeast Brazil. 

Available sulfur in the eastern part of South America is deficient in relation to 
needs. Argentina mines some elemental sulfur in the high Andes, and sulfuric 
acid is made from smelter gases at a lead smelter. Brazil uses pyrite from coal-

1 



2 FERTILIZER-MINERAL SOURCES IN SOUTH AMERICA 

processing plants to manufacture acid ; other possible sources are oil shales and 
gypsum. Venezuela has one area of petroleum reserves high in sulfur. 

Known deposits or prospects and areas of favorable geologic environment 
will serve as starting points for the expanded exploration programs that are 
necessary to meet mounting demands for fertilizer minerals in the South Ameri
can countries. Xew technologies and concepts in exploration, mining, and min
eral beneficiation should be useful in exploring for new deposits and also in re
evaluating known deposits and prospects. Of particular interest are new methods 
of phosphate exploration based on recognition of regular lithologic sequences 
and changes in facies of phosphate-bearing marine strata. These sequences are 
now re~ognized as common to many marine phosphate deposits of the world and 
indicate the need for detailed exploration in favorable environments, such as 
those found in South America. In recent exploration of continental shelYes and 
river mouths in North America, large phosphate and potash reserves of offshore 
phosphatic and potassium minerals were found. Probably similar deposits occur 
off the coasts of South America, particularly Chile and Peru. 

Mineral beneficiation techniques, including fine grinding, classification, and 
flotation are making possible the recovery of a high-grade product from low
grade igneous apatite ores such as those found in Brazil. Solution mining of 
potash salts now being attempted in a Canadian deposit may be applicable for 
a deep deposit in the province of Sergipe, Brazil, provided that sufficient ore 
reserves are found. 

Transportation costs of fertilizers from the coast to the interior in many 
countries, such as Brazil, Colombia, Ecuador. and Bolivia, may be prohibitive. 
In such places, lower grade material found near the consumer may be the only 
practical source. Potassic feldspar, potassium-rich volcanic rocks, muscovite, 
glauconite, and high-potash black shales all may become important for local 
use, either as finely ground material for direct application or perhaps for benefi
cation and upgrading. 

Exploration for fertilizer minerals in South America indicates a need for a 
long-term continuing effort. Utilization of all available geological information 
from all sources, such as geological mapping, petroleum exploration, ground
water work and mining-company investigations, may furnish clues to fertilizer
mineral deposits. 

INTRODUCTION 

A May 6, 1965, Washington press release of the Agency for Inter
national Development expressed the concern of the Inter-American 
Committee on the Alliance for Progress (ClAP) over the increasing 
disparity between the 2.5 percent rate of growth of the population of 
South America and the relative decline in per capita food production 
for the population. ClAP urged the immediate establishment of re
search programs in the alliance countries to bolster food production. 
A means of substantially increasjng agricultural productivity lies in 
the widespread application of fertilizers, plant nutrients, and soil 
conditioners to the generally depleted soils of the region. Two im
portant questions must be resolved in promoting the use of fertilizers 
for agricultural development: what is the availability and distribution 
of indigenous resources, and hdw can their use be made economically 
feasible for South American farmers'? 
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To study these questions, ClAP established a Working Group on 
Fertilizers, and early in June 1965 the first meeting of this group was 
held in Washington to discuss ways and means of stimulating the de
velopment and utilization of fertilizers in the alliance countries. 
Included in the group were representatives of the Agency for Inter
national Development (AID), the Latin American Association for 
Free Trade (ALALC), the Inter-American Development Bank 
(BID), the International Bank for Reconstruction and Development 
(BINF), the Economic Committee for Latin America (CEPAL), the 
Inter-American Committee for A-gricultural Development ( CIDA), 
the United Nations Food and Agricultural Organization (FOA), and 
the Committee for Central American Economic Integration ( CIEGA). 

As a result of these activities, the Office of Institutional Development 
of the U.S. Agency for International Development (US-AID) re
quested the U.S. Geological Survey to undertake a rapid survey of 
information available on the phosphate, potassium, and sulfur re
sources of South America. 

The present report was prepared in response to the request by US
AID, through funding by that agency, during the period September 1-
N ovember 20, 1965, from published reports and from unpublished in
formation obtained from geological and mining agencies of various 
countries of South America. 

Although the survey is comprehensive enough in regional coverage to 
indicate the potential for fertilizer-mineral exploration and develop
ment in South America, several countries-the Guianas, lJruguay, 
and Paraguay____[were not included, partly because of the lack of time 
but mainly because of the lack of information on their geology and 
mineral potential. This rapid survey considers only phosphate, potash, 
and sulfur; nitrates are excluded because they can be made synthet
ically. Lime, which is needed for many of South America's acid soils, 
and other secondary plant nutrients, soil amendments, and soil con
ditioners are not considered because of the short time available for the 
survey. 

ANALYSIS OF THE GEOLOGIC ENVIRONMENT 

Specific minerals occur in characteristic geologic environments; 
hence exploration for fertilizer minerals can be narrowed down to 
areas of host rocks "·here these minerals are most likely to be found. 
Previous detailed geological studies of major known deposits of phos
phates, potash, and sulfur provide keys or criteria that are of tremen
dous help in finding and evaluating new mineralized areas. For 
example, the recent work on phosphates in the Western lJnited States 
by the U.S. Geological Survey led to recognition of regular lithologic 
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sequences and lithofacies relationships in the phosphate-bearing 
strata; this recognition of strata characteristics has been instrumental 
in discovering similar phosphorites in Peru, Turkey, Saudi Arabia, 
and India and also offers a basis for prospecting in other areas 
(McKelvey, Swanson, and Sheldon, 1953 ~ McKelvey and others, 1959 ~ 
Sheldon, 1963; McKelvey, 1963; Sheldon, 1964a). 

Although such aids are valuable in identifying favorable provinces, 
lack of knowledge of the local geology hinders both preliminary ap
praisal and prospecting. lTnfortunately, there are very few large 
areas of South America in which the geology is well known. These 
few, such as the Maracaibo and Barinas Basins in Venezuela and parts 
of Minas Gerais in Brazil, have been mapped and examined in detail 
because of their petroleum and ferrous metal deposits. Other vast 
areas of the major river basins, including the Amazon, and regions 
such as Patagonia, are geologically unknown. 

Even in mapped areas the fertilizer minerals may have gone un
noticed if exploration were oriented only toward metallic minerals or 
petroleum. Phosphates are dull earthy minerals easily overlooked in 
outcrop and drill samples. Potash salts are soluble and may be leached 
from outcrops or not noticed in drill cuttings unless special coring 
equipment is used. Full exploration and development of South 
America's fertilizer-mineral potential may require many years-as it 
does, in fact, in other areas also-but there are now specific prospects 
that can serve as starting points in exploration, and the general knowl
edge available on the geology of South America helps to define some 
of the regions broadly favorable for further prospecting. 

ACKNOWLEDGMENTS 

The authors gratefully acknowledge the assistance and help they 
received from the many government and private individuals con
cerned with food production and fertilizers in South America who 
were contacted during the course of this investigation and contributed 
the data recorded herein. The government organizations in the coun
tries cited in the report assisted in every way possible to make this 
a cooperative effort. It is not possible to list all the many individuals 
who contributed in each country and without whose help this report. 
would not have been feasible. The following are some of the organi
zations: 
Argentina : Direcci6n N acional de Mine ria; Direcci6n N acional de 

Geologia y Mineria; Y acimientos PetroHferos, Departamento de 
Geologia. 

Bolivia: Banco Minero de Bolivia; Departamento N acional de Ge
ologia, Ministario de Minas y Petroleo. 



INTRODUCTION 5 
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troleo Brasileiro S.A. (PETROBRAS); Conselho Nacional de 
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Chile: Chilean Ministry of Mines; Gran Mineria Association. 
Colombia: Ministerio de Minas y Petroleos; Departamento Adminis
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Ecuador: Ministerio de Minas y Petroleos; Arthur D. Little & Co.; 

Universidad Central; Anglo Ecuadorian Oilfields Ltd. 
Peru : Department of Mines; Midespa Mining Co.; Mining Bank of 

Peru; International Petroleum Co. ; Comision Carta Geologica 
Nacional. 

Venezuela : Ministerio de Agricultura y Cria ; Ministerio de Minas y 
Hidroeaburos; British Sulfur Corporation; Shell Foundation; 
Venezuela Petrochemical Institute. 

Colleagues with the U.S. Geological Survey who also furnished 
information are A. J. Bodenlos, George Ericksen, Frank Simons, 
W. C. Stoll, Max G. White and Norman Herz. Sumner M. Ander
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PHOSPHATE DEPOSITS 

Many countries with low crop yields have phosphorus-deficient soils 
incapable of supporting adequate crop yields. Before man upset the 
cycle by farming, phosphorus in the soil was absorbed by plants and 
animals, then returned to the soil as plants decayed and as animals 
died and their bones decomposed. Now man grows crops which he 
removes from the land, and the soil is starved for necessary mineral 
nutrients. Bone as a source of phosphate was used early in the 18th 
century but the supply was inadequate. With the discovery of large 
mineral deposits of phosphates, the chemical fertilizer industry was 
born. Large increases in the use of phosphate fertilizers by the un
developed nations are expected to help revitalize soils that have been 
long neglected. 

MINERALOGY 

"Phosphate rock" is a blanket term for rocks containing phosphate 
minerals that are used in production of fertilizers or other chemical 
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compounds. The term "phosphorite" is generally applied to sedi
mentary rocks made up largely of phosphorus minerals, but it is some
times used interchangeably with phosphate rock. The principal 
mineral in phosphate rock is fluorapatite, represented by the general 
formula Ca10(P04)GF2 , or some other member of the apatite mineral 
family. In chemical analysis, the phosphorus is usually reported 
either as phosphorus pentoxide, P 20 5 , or tricalcium phosphate, 
Caa (P04) 2, which contains 45.8 percent P 20 5 and is known under the 
trade name "bone phosphate of lime" ("B.P.L."). 

Apatite may contain many minor elements-vanadium, arsenic, 
silicon, sulfur, rare earths, uranium, and others. Fluorine content in 
phosphate rock may be as high as 4 percent and may present a serious 
problem in the form of noxious gases that may be released during the 
manufacture of fertilizers. Some of the elements that occur in very 
small amounts are beneficial to plant life, and some (vanadium and 
uranium, for example) have at times been recovered as byproducts in 
the manufacture of phosphoric acid. Uranium, which may be present 
in amounts of 0.1-0.4 pound of uranium per ton of ore, makes some 
phosphate rocks sufficiently radioactive to be detectable by gamma-ray 
techniques. 

Most sedimentary phosphorites contain small pellets, oolites, 
nodules, or p~bbles of phosphate which commonly are irregular in 
shape and may have another mineral grain or a fossil fragment as n, 

nucleus. 
GEOLOGY 

Most phosphate deposits can he classified under one of six broad 
categories (see table 1 ~ Mcl{elvey, Cathcart, Altschuler, Swanson, and 
Buck, 1953): 

1. Igneous apatites 
2. Marine phosphates 
3. Residual phosphorite 
4. River-pebble deposits 
5. Phosphatized rock 
6. Guano 

IGNEOUS APATITES 

Apatite deposits occur as intrusive masses, hydrothermal veins, dis
seminated replacement bodies, and marginal differentjation deposits 
near boundaries of intrusives and pegmatites. 

The largest of these deposits are in intrusive sheets or sills associated 
with syenite, pyroxenite, amphibolite, and, in some places, carbonatite, 
ilmenite, magnetite, or nelsonite. The sheets may be interleaved 
around a eore. Near Sao Panlo, Brazil, large carbonatite deposits 
eontain an estimated 90 million tons of low-grade rock which can be 
beneficiated to a product that is 40 percent P 20 .•. 
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Apatite-rich intrusive layers, which may range in thickness from 
tens to hundreds of feet, have been traced for several miles. They 
may contain as much as 35 percent P :!05 • Reserves may be measured 
in millions of tons. Lower grade rock ( 5-25 percent P z05) ean be 
benefieiated by grinding~ screening, flotation, or magnetic separation. 
The smelting of apatite-rich iron ores yields a high-phosphorus slag 
whieh is a valued phosphate fertilizer in Germany and elsewhere. 

Vein-type, disseminated replacement, and marginal differentiation 
deposits near pegmatites are usually of ]ow grade and small size. 

MARINE PHOSPHATE,S 

Marine phosphates are of primary importance, reserves in individual 
deposits generally being in the range of millions to billions of tons. 
Therefore, an understanding of the depositional environment of this 
type of deposit ean be most rewarding. 

Marine phosphates are precipitated along the continental flanks in 
places where deep phosphorus-rich eold water upwells toward the 
surface. Phosphates precipitate as the temperature and pH of the 
water increase near the surface; biological agents may also cause pre
cipitation in the same environment. A typical assemblage of rocks is 
commonly associated with sueh deposits, which are found in many 
plaees in a regular lateral and vertical sequenee that refleets a transi
tion from one environment to another and a shift of environments with 
time a~ a result of elevation or depression of the sea bottom. For 
example, in the direction toward land~ the lateral sequence in the 
Pacific Ocean phosphate field of the United States consists of dark 
carbonaceous shale, dark phosphatic shale, phosphorite and dolomite, 
chert, fossiliferous limestone, anhydrite, and light-colored and red 
shale. Most marine phosphates consist of small pellets or oolites as
sociated \vith carbonaceous matter, argillaceous minerals, chert, or 
sand. Phosphate-rich zones may be several feet or more in thickness, 
eontain as much as 35 percent P 20, (generally as fluorapatite), and 
extend over thousands of square miles. Some deposits consist of large 
nodules or pebbles sparsely disseminated in a matrix of limestone, 
glauconitic sandstone, sandstone, and clay, and a few deposits are 
associated with manganese oxide and iron-ore deposits. Many are a 
basal conglomerate which may have been concentrated by submarine 
reworking of older phosphatie formations. These nodular deposits 
are generally thinner and lmver grade; in fact, the pebbles themselves 
may contain only 15-25 percent P zO,. 

The distribution of phosphate deposits on the present sea bottom and 
the present distribution of upwe11ing waters provide clues to the oe
currence of phosphorites in coastal plain sediments, and the identifica
tion of typically assoeiated rocks (for example, black shale and chert) 



Type (and example) 

l. Igneous apatites: 
a. Apatite intru-

sions (Kola 
Penln,_sula, 
U.S.S.R.; 
eastern 
Uganda; 
Palabora, 
East Trans-
vaal). 

b. Apatite mar-
ginal differ-
entiat ions 
(eastern 
Adiron-
dacks). 

c. Apatite peg-
matite 
(southern 

Ontario). 
d. Hydrothermal 

veins, dis-
seminations 
and replace-
ments (Nor-
wegian 
apatite 
veins, 
Virginia 
nelsonite). 

~. Marine phosphates: 
a. Geosynclinal 

phosphorites 
(Western 
United 
States; 
north 
Africa; Kara 
Tau 
(U.S.S.R.)). 

TABLE I.-Characteristics of principal types of pho.'3phate deposits 
[From McKelvey, Cathcart, Altschuler, Swanson, and Buck (1953, p. 349)] 

Shape and structure 
Origin Associated rocks of deposits Principal phosphate minerals 

Differentiation from Nepheline syenite, Inclined sheets in Fluorapatite (Cato(P04)aF2) ..... 
cooling basic magma. ijolite carbonatite, some places inter-

pyroxenite, leaved with other 
magnetite. rocks around a 

circular core. 

Metasomatic differentia- Alaskite, magnetite._. Steeply inclined ir- Fluorapatite._. ________ . ________ 
tion along contacts of regular masses. 
alaskite intrusions. 

Late-stage differentiation Pyroxenite, syenite, Steeply inclined tab- Fluorapatite. ___________ .. ------
from cooling basic calcite, phlogopite, ular masses. 
magma. titanite. 

Ilmenite, nelsonite, Late-stage emanation Steeply inclined tab- Fluorapatite; chlorapatite 
from basic magma, anorthosite. ular masses or (Cato(P04)aCb); hydroxyl-
generally cutting or irregular dissemi- apatite (Cato(P04)a(OH)2). 
partly replacing earlier nated bodies. 
differentiates. 

Carbonaceous mud-Organic or inorganic Widespread blanket, Carbonate-fluorapatite (Cato 
precipitation on margins stone, chert. folded to varying (POlC03)6F2-3). 
or oceanic basins. degrees. 

Common minor metals 

Sr, rare earths .. _______ 

------------------------

Sr, rare earths .. _______ 

------------------------

V, Cr, rare earths, 
Co, Ni, Mo, U, 
Zn, Ag, As, Cd, 
Cu, Tm, Be. 

Range of 
reserves in 
individual 
fields, in 

tons of rock 

10L1010 

103-106 

103-105 

104-107 

109-1011 

00 

~ 
t_%.1 
l;:lj 
8 
1-4 
t"4 
1-4 
~ 
t_%.1 
l;:lj 
I 

a= z 
t_%.1 
l;:lj 

> 
t"4 

00 
0 c: 
l;:lj 
C':l 
tr:l 
rp 

z 
00 
0 c: 
~ 
> 
a= 
tr:l 
l;:lj 
1-4 
C':l 
> 



b. Platform Organic or inorganic Limestone, dolomite, I Wid""""" bl.nkH, I CO<bonoto-ftuo,potiW __________ 

1 

V, c,, mro '"''"'· 
pho,pho.it•" I proolpitotlon In opl- quartz, sandstone, locally moderately Co, Ni, Mo, U, 
(Cretaceous continental seas; often glauconite, warped. Zn, Ag, As, Cd, 
glauconite reworked from older carbonaceous mud- Cu, Tm, Be. 
marls of phosphatic formations. stone 
Gulf Coastal 
Plain; 
Tennessee 
blue rock). 

3. Residual phos- Insoluble residuum re- Limestone, clay, Near-surface blanket I Carbonate-fluorapatite __________ I As, u _________________ t 

phorite (Tennessee maining after decompo- quartz sand. lying on irregular 
brown-rock sition of phosphatic etched bedrock 
deposits). limestone in humid surface. 

climate. 
4. River pebble Fluvial transport of Quartz sand ___________ River bars, channel Carbonate-fluorapatite ______ --------------

(Florida, South weathered-out phos- fillings and terraces. 
Carolina river- phatic particles in 
pebble fields). humid or subtropical 

regions of low relief. 
5. Phosphatized rock: Replacement of limestone Limestone, dolomite, Near-surface irregular Carbonate-hydroxyl-flur.rapa- Zn, Ag, Cd, Ga ____ 

a. Calcareous or clay in tropical or clay, quartz sand. blanket. tite (Ca10(P04,C02)s(OH, 
terrane subtropical climate by F)H); hydroxylapatite 
(Florida phosphate derived (CaiO(P04)s(OII)2); whit-
hard rock, from overlying phos- lockite (Ca3(P01)2); brushite 
Tennessee phatic rocks or guano. (HCaP04·2H20); monetite 
white rock, (HCaP04); wavellite (Ah 
Nauru and (Oilh(P04)25I-h0); randal-
Ocean lite (CaAb(P04)2(0H)s. 
Islands). H20); taranakite (K2Ah 

(P04)s(OH)d8II20). 
b. Igneous Replacement of igneous Trachyte, andesite, Near-surface irregular ((Al,Fe)P04·2H40.) High-

terrane rock or clay by phos- basalt, granite, blanket. aluminum member occurs in 
(Daito Jima, phate derived from gabbro. acid igneous rocks, high-iron 
Malpelo, guano. member in intermediate and 
Brand basic rocks. 
Connetable Orthorhombic series: 
islands). Variscite (AlP04·2II20); 

barrandite ((Al,Fe) 
P01·2H20); strengite 
(FeP04·2II20). 

Monoclinic series: 
Metavariscite, clinobar-

6. Guano (islands along I Accumulation of sea-fowl 
randite, metastrengite. 

! _______________________ t I All varieties (no I Surficial irregular I Carbonate-hydroxylapatite, 
Peruvian and or bat excreta. genetic relation- blanket. hydroxylapatite, whitlockite, 
Chilean coasts). ship). brushite, monetite. 

5a Metals listed are those present in amounts greater than five times their average concentration in the earth's crust, exclusive of detrital impurities. 
5b No information available. 
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gives useful clues in prospecting in older rocks. A study by Sheldon 
(1964b) shows that geologically young phosphorites occur at warm 
latitudes between the equator and the 40th para11el; analysis of paleo
geography and paleomagnetic data may therefore prove helpful 111 

defining environments favorable for phosphate deposition. 

RESIDUAL PHOSPHORITE 

Residual phosporites are concentrated as relatively insoluble 
fluorapatite pellets or nodules by the weathering of marine phosphatic 
limestones in humid areas. Most such deposits are near the surface 
and -occur on irregular deeply eroded bedrock surfaces. Deposits of 
this type may contain 15-35 percent P 20;; and have reserves of thou
sands or millions of tons. The phosphate deposits of Tennessee are 
typical examples. 

RIVER-PEBBLE DEPOSITS 

River-pebble deposits are placer concentrations of elastic phosphate 
minerals derived from erosion of phosphatic rocks and concentrated 
by stream action. Known deposits are mainly in the Southeastern 
United States. They are not of much economic interest now, partly 
because the P 20 5 content of the leached nodules in the streams is low 
and partly because the deposits are not ext~nsive. 

PHOSPHATIZED ROCK 

Phosphatized rock consists of phosphate minerals deposited by 
meteoric waters in joints or as tabular bodies which have replaced cer
tain favored zones of the bedrock. Low-pH meteoric waters in hot 
humid regions dissolve phosphate minerals from phosphatic limestone 
or guano and transport it short distances. Where the bedrock consists 
of limestone, the deposits are calcium phosphates; where the bedrock 
consists of silicates (as in volcanic rocks or clays), the phosphates 
consist of one or another variety of aluminum silicate mineral, such as 
variscite or metavariscite, and crandallite. Tennessee and Florida 
have large deposits of this type. Ocean, Nauru, Angaur, and other 
islands in the south-central Pacific have been an important producer 
of phosphate from deposits derived from leaching of guano. Deposits 
of this origin may contain 35 percent or more P 20 5 and have reserves 
of thousands or millions of tons. 

GUANO 

Guano from sea birds or bats is a rich nitrogenous phosphorus ma
terial which gains in phosphate concentration as the more soluble 
nitrates are dissolved. The largest guano deposits are found in the 
vicinity_ of the same phosphorus-rich upwelling-cold-water environ
ment that produces many of the marine phosphates. 
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A dry hot climate in lmv latitudes is the most favorable environment 
for the preservation of guano. These conditions exist along the \Vest 
coasts of South America, Lower California, and Africa. The P20s 
content seldom exceeds 20 percent but is readily available. Guano 
also contains other nutrients, particularly nitrogen except "·here de
composition has removed it. Most guano deposits are not large, but 
some still being formed can be harvested at regular intervals. 

OTHER TYPES 

Other types of phosphates may be important 1ocal1y. Phosphatic 
iron ores, when sme1ted, may yield a basie slag, called Thomas meal, 
which contains 8 percent or more P 20 5 that is readily available. Re
serves are large, but the slag is a byproduct, and output depends on 
iron produetion. Sueh iron ores occur in Colombia and Brazil. 

Glauconite, or greensand, is basically a hydrous silicate of iron and 
potassium, but it may also contain 1-5 pereent P 20 5 • Reserves are 
very large and constitute a possible future source of potash and phos
phate. At present, however, there is no feasible economic method of 
treatment. 

Phosphate produced from bones is no longer a major source, hut a 
small amount, as a side product of slaughter houses, could be locally 
important in some countries remote from other sources of phosphate. 

TECHNOLOGY OF PHOSPHATE 

TREATMENT METHODS 

Phosphate rock as mined contains 15-:10 pereent P 20, and generally 
must be upgraded by some beneficiation process. Because in places 
phosphate rocks are fine-grained intimate mixtures of several minerals, 
some phosphate may be lost in milling operations. Rocks containing 
considerable amounts of carbonate minerals present difficult ore
dressing problems, but those in which the impurities are mainly sand 
and clay generally respond to beneficiation. Flotation techniques have 
much improved recovery from many deposits. Apatite deposits of 
igneous origin, such as those found in Brazil with carbonatite intru
sives, may be beneficiated by grinding, screening, and flotation to yield 
a high-grade product. 

The washed concentrates generally contain 28-34 percent P 20 5 • 

Raw rock and concentrates are relatively insoluble when applied di
rectly on most soils, but if finely ground they can be used on acid soils 
such as those found in parts of Brazil. 
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PHOSPHATE-FERTILIZER MANUFACTURE 

In general there are three methods of treating phosphate concen
trates or phosphate rock to make the contained phosphorus available 
as a plant nutrient : acid treatment, thermal fusion with magnesium 
silicate, such as olivine or serpentine, or thermal reduction with coke 
and a flux. 

The oldest and commonest process is simple decomposition of the 
rock (generally beneficiated to contain at least 31 percent P 205) with 
sulfuric or other acid to produce soluble monocalcium phosphate con
taining 16-20 percent P 20 5 • Phosphoric acid is made by completely 
dissolving the rock with sulfuric acid and filtering out the CaS0.1 
Triple superphosphate is obtained by acidulating phosphate rock with 
phosphoric acid; the product contains 42-48 percent P 205 • 

Thermally fused phosphate is made with phosphate rock and a hasie 
magnesium silicate mineral fused together in a furnace; the product, 
termed "fused phosphate," is a favored phosphate fertilizer in tTapan. 
Thermal reduction of phosphate rock in an electric furnace with a 
silieeous flux volatilizes the phosphorus, after which it is condensed and 
collected as elemental phosphorus. Slags produced as a side product 
from smelting high-phosphorus iron ores may also be used as a phos
phate fertilizer. Argentina has substantial reserves of such ores, and 
Colombia already uses high-phosphorus slag as a fertilizer. 

TRANSPORTATION 

Phosphate rock is a low-priced mineral commodity (about $7.00 per 
ton f.o.b. at the mine in the United States). Transportation. therefore, 
is a big factor in calculating the unit cost of the P 20 5 delivered to the 
consumer. For many years it has been customary to ship the phosphate 
rock or concentrates (containing about 31 percent P 20.,) to the acid 
plant to make an ordinary water-soluble monocalcium superphosphate 
(20 percent P205). Higher grade phosphate fertilizers can be trans
ported at lower cost per unit of P 20 3 , and the market now deinands 
triple superphosphate and ammonium phosphate. Elemental phos
phorus manufactured near the mine for export may meet the increasing 
needs of countries like Japan, which are on the end of a long trans
portation route. A concentrated product will probably become more 
important to many South American countries such as Brazil, where 
internal transportation costs are high. A concentrated product may 
also become important in Peru for the export market. 

FACTORS IN APPRAISING EXPLOITABILITY 

In general, in a feasibility study of the exploitability of any phos
phate deposit, the following must be eonsitlered: 
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1. Size and grade oft lw dq}()::;i t. 
2. Geology: thickness ancl strike and dip of ltt>ds, faults, on•I·hnnlen, 

and strength of wallro<"ks. 
:L }lining met hocl: snd:H·P, 1 lredg·i ng, o1· lllH [prgTomHL 
4-. Beneficiation process: gTa\·ity Illethods (washing, sc·reening classifi-

eations, ('yelones), flo! at ion, or ftuosol i1 1 <"akin ing. 
;). )farket aY:t ilabi 1 i ty :111d t !'all sport <'ost s: loc·a I and Pxport. 
G. ~\ \'ailal>le pmn•t·: t hernta I or hydrop)p<'f ri<'. 
7. Availability of nmterials ttt'<'Pssary for lll:tllllf:wtnring marketable 

fertilizers: c·lteap a<·id, <'hPap pmn·r and silica for elemental 
phosphorus, and serpt·nt im· or o]i,·inP for fused phosphates. 

MINING METHODS 

Mining of phosphate rock (':til he elnssifiecl nndPr o1w of three general 
methods: surface mining, underground mi11ing, and dredging. The 
method selected for any giYen deposit is largely <·ontrollNl hy geologie 
factors such as thickness of oyerhunle11, thickness of beds, strike and 
dip of beds, competenee of hanging wall and footwall, and faults and 
other characteristics of the lleposit. 'Vater and ·weak hanging walls 
may also present problems in some undergronnclmines. Fnderground 
mining is usually accomplished by room-and-pillar methods in fiat 
beds and by open stopes in inclined beds where wa11rocks "·ill stand. 
It is generally undertaken only "·here thP rof·k is hip;h g-rade ( :31 per
cent or more P 205). 

Most phosphate is mined by open-pit methods "·ith large-capacity 
equipment. Mucl1 of the phosphate lleposit of the "·estern Sechura 
Desert in Peru is reported to 1un·e a low stripping ratio of oYerburden 
to phosphate rock, and open-pit methods will be applicable. 

In North Carolina, preliminary experiments in deep dredging of 
phosphates at a river mouth are reported to be successful, and experi
mental dredging on the California ( ~ontinental Shelf is also reported 
to be encouraging. 

_;\.big problem at many phosphate benefieiation plants is waste and 
tailings disposal. In Florida nmeh of the ore contains a large amount 
of fine material (200 mesh and finer). The phosphate in this fine com
ponent is not recO\·erecl in the beneficiation process and g·oes 'vith the 
slime tailings to disposal ponds. Losses may reaeh 4-0 percent of the 
phosphate in some plants. 

POTASH DEPOSITS 

Potash is a term derived from the early practice of leaching wood 
ashes in iron pots and evaporating resultant brines to obtain pearlash. 
There are many compounds and minerals of potash, but the noun 
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"potash" has come to denote the K 20 equivalent in a salt, although no 
such compound exists in nature or is manufactured commercially. 
There is no substitute for soluble potash-salt eomponnds in fertilizers. 

In 1843 potash was discovered in a well at Stassfurt, Germany, and 
thereafter potash salts came into wide use as fertilizer. During 
World War I, exports from Germany were no longer available to 
many countries, and other sources had to he found. England obtained 
a small amount of potash by burning seaweed. .Japan used orthoclase 
feldspar and jarosite fot· a limited amount of high-cost fertilizer. 
In the TTnited States and Canada, an intensive geological search and 
dril1ing campaign was successful in finding salt heels fully equal to 
those in Europe. 

MINERALOGY 

Although there are many other potash minerals, the most note
worthy are as follmvs: 

Percent K20 
Sylvite, I{Cl---------------------------------------------------------- 63.2 
Langbeinite, 2MgS041{2S04-------------------------------------------- 27. 7 
Poly halite, 1{2S04MgS04 ·2CaS04 ·ZH20--------------------------------- 15. 6 
Carnallite, I{Cl· MgGb-6H20------------------------------------------- 16. 9 
l{ainite, MgS04·1{Cl·3H20-------------------------------------------- 18. 9 
Niter, saltpeter I{NOa, eave or caliche__________________________________ 46. 5 

Alunite, 1{20 ·3Ab0a·4SOa· 6H20---------------------------------------- 11. 4 
Orthoclase, 1{20· Ab0·6Si02------------------------------------------- 16. !J 
Leucite, I{Al(Si0a)2, lava-type deposits________________________________ 21. !i 

Sylvite is commercially by. far the most important potash min
eral. Others, such as carnallite, niter, kainite, and langbeinite, are 
also of economic importance. Polyhalite, leucite, alunite, and glau
conite are of potential value but are not of commercial interest at 
present. 

GEOLOGY 

BEDDED POTASH DEPOSITS 

Sea water contains an estimated 0.05 percent K20, and certain lakes 
also contain substantial amounts. Evaporation in a blocked arm of 
the sea, bay, or large inland saline lake, under arid climatic conditions, 
concentrates the brines and may selectively precipitate the various 
salts. In Ftah, California, Chile, Pern, Israel, and many other places, 
this process is actively going on today. Recent brine basins a.re a 
major source of potash salts. 

Potash is obtained commercially both from brines and bedded salt 
deposits. These have a common genetic relationship inasmuch as 
both result from evaporation cycles. 

In the United States, central Europe, and the U.S.S.R., sylvite and 
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other potash minerals occur in marine sedimentary beds of Permian 
age. Similar deposits in Canada are of Devonian age. The bedded 
potash formations of Sergipe, northeast Brazil, are said to he Cretace
ous in age, but their mineralogy, grade, and size are not yet known. 
On the west coast of South America in Peru and Chile, brines contain 
substantial potash reserves. A brief description of principal known 
'Vestern I-Iemisphere potash deposits is pertinent for exploration and 
evaluation criteria in lesser known areas. 

In the Permian basin the salt deposits that underlie parts of Ne\v 
:Mexico, Texas, Colorado, Oklahoma, and Kansas formed about 250 
million years ago. A hot arid climate prevailed at that time, and 
salts were slowly deposited on the edges of this huge evaporation 
basin. A\s salt pre<·ipitated and the area sank, the S(•awarcl bars were 
breached periodically and the brines were replenished with sea water. 
The cyele was repeated many times and finally the gradual retreat of 
f1e Permian sea to the southwest left enriched brines on the southern 
flanks of the basin. These last evaporation cycles probably deposited 
t1e younger, richer potash deposits near Carlsbad, N. Mex. The 
::nit-bearing Salado I~-.ormation containing the potash strata is about 
1,200 feet thick; it is covered by the younger Rustler Formation and 
Hecent sedimentary rocks. 

In this large Permian basin, cornmereial deposits of potash have 
t.een found in an area of 1,000 square miles known as the Carlsbad 
potash district east of Carlsbad. The deposits consist of many thin 
beds of sylvite, halite, carnallite, and langheinite which occur in about 
the middle of the thick salt-bearing Salado Formation. The strata 
of economic importance range from 4 to 14 feet in thickness and 
average about 18 percent K 2 0 equivalent. Individual beds are not 
constant in lithology or thickness owing to abrupt facies change. 
Halite (NaCl) horses are common, and results based on one \vildcat 
drill hole may be inconclusive. 

In southeast Utah and sout h\vest Colorado, the Paradox basin series 
of Pennsylvanian age contains a saline Paradox ~fember of the Her
mosa Formation which occupies an area of more than H~OOO square 
miles. About 80 cycles of evaporation are represented in the salt 
ftH~ies. The member lies at depths of 1,400 feet on anticlinal struc
tures and at gTeater depths in the synelinal structures of the basin. 

Very 1itt le is known of a recent potash discovery in the Sergipe
;\lagoas basin in Brazil. Salt deposits containing potash \vere re
ported at depths ranging from 457, to 2,7DD meters in 29 holes drilled 
late in 1964. l\Iany other holes were drilled without finding salt; 
however, at that time, the principal objective was petroleum rather 
than potash, so incomplete information on potash was obtained from 
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thesP drill cuttings, chemienl :tna lysP~. and gamma-ray logs. Inreeent 
\\·ork in l!J(Hi. cores haYe heen l'<'<·on·recl tl1at an· said to contain both 
potash and magnesium salts. ~Tore <il•tailed gt>ological ''"ork and 
add it ion a 1 drilling arP neNled to P\·alnnte this tliscovery. l\Iinable 
potash drposits in this area c·onld I•P of g1·eater eeonomic significance 
than oil. 

Large dPposits similar to those in NP\Y ~fpxico and Utah are worked 
in Saskatc·lH'\\·:m, C;madn. Tlw lwcls arr :~.-to frPt thick and contain 
about:!;) pel'Ct•nt ICO. Quicksand :tl>o\·P IIH' potash beds makes shaft 
sinking t>xpensive, bnt an nlternat in•, <lis<·nssed in tlw •'l\1ining :Meth
ods'' sed ion, is l>eing <leYelopecl. 

BRINES AND SALT' CUUSTS 

Another major source of potash is naturally occurring brines, formed 
by long periods of eYaporation in inland seas or lakes. Chemically. 
most of the brines are Yery eomplex and represent saturated solutions, 
the principal components corresponding to sea-\\·ater bitterns. The 
salts in the brines commonly a n'rage ;H) pereent of t Iw brine weight. 
Iodine, bromine, and boron are ,·nlnahle byproducts from some solar 
operations. 

In northern Chile, high-grade KX<): and KCl wert• procluced from 
potassium salts at Saln.r de Bella-vista, as side products in the solution 
treatment of caliehe and salt crusts. In the Provincia de Tarapaca, 
total reserves of low-grade caliclw an• estimated to be 1,000 million 
tons containing 200,000-600,000 tons of KCI0.1• ~alar Grande and 
other similar deposits hnYe appn'<'iahll' amounts of potash salts~ the 
hig-lwst gTade potash c·rnsts <'ontain about :~--1- per('Pllt K. Pota:-:simn 
nitrate is made by dissoh·ing- the ernst:-:, \Yhieh then undergo simple 
chemical purification . 

• \11 these deposits are fornw<l in <"lose<l arid vaJleys or basins with 
little or no drainage to the sea. Tlw \Y:t!l'r of solution is from ground 
water seeping downslope from the ...:\ll<h's, or from condensation of 
heavy fogs that S\Yeep in from tlw sea and ]H'm·idP \Y:lh'r for snrfa<"P 
leaching· in the desert. There an• lltany (·losed l>asim; in :-:ontlnYPStern 
Bolivia, Peru, northwestern Argentina. and northern Chile. Some 
an~ 1 >asi ns stu·romHled entirely hy ,·ol<·:t n i<· ro<'ks: litt h, is known 
about the higher Andean val1eys. 

O'l'HER POTASH SOURCES 

Alunite, whieh occurs mainly as n·ins an<l disseminations rPsulting 
from hydrothermal alteration, has 1 •PPll nsecl as a ('OlllllH~l'('i:tl raw 
material in the production of pot a:-:11 alum and snl phatl' of pot n:-;h 
through a calcination process. In n'('Pilt years .Japan has been a 
leading producer of potash frotn n hmi t P (.Johnstone and .fohnstonP, 
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l~Hil. p. ~7). Olaneonite. has long been used in its ra\Y state as a 
:-;]o\Y-actin.!.!· potash plant nutriPilt, and :tttempts han• been lll<Hle to 
nlilize it as a source of pota:-;h salts. This has not been stwc·essfnl to 
date hecause of the high cost of proclnetion. One }H'oc·e:-;s <"onsists ot' 
l1t>:ttinp: tlw glaneonite \Yith linw and re<·m·ering c·a11sti(' potash hy 
ie:u·hing· (Johnstone and Joltnstom•. 1!)()1. p. ~;~;)). ~ottle IllarinP hl:wk 
sh:tiPs--for example, the alum s!tale in SweclPn--c·ontain a fp,,· pt>r
<'Plll potash and han• ln•en u~Pd as a source of potas!t alum. Lt>twitP 
ltas been used in Italy to proclw·e potash altun (,Johnstone and .fohn
~tone, p. -!76). Granite, :-;yenite. and other igm•ous ro('ks rich in 
potassinm-be;n·ing minerals, suc!t as ortho('lase, mi<'nH'lim>, aiHl sollH' 
of the micas, constitute a large potential worlcl resPtTP of potash: 
hmve\·er, an economi<'al process fm· prmltwing the potash must be 
developed. A rhyolitic tuff Yery ri<'h in potassic feldspar has reeentl.'· 
l1een clisc·m·ered in the ~Iohave Desert region of California ( ~heppnr<l 
ancl Gncle, 1065); therefore other occl\lTPncrs of this type may lH' 
worth prospecting . ...:\.readily a\·ailal>le source of potassium minerals 
:tt'P the tailings and \Ya:-;tes from some of the milling opPration~ of 
major porphyry copper mines. 

TECHNOLOGY 

TREA T:\fEN'I' :\IET'HODS 

JJI·illr·s.-Solnr eYnporation is an e<·onomiral method of re<·m·ering 
poja:.;h from some natural brines or l1itterns that contain :q>pn•ciahle 
:llllO!IId s of ICO ;mel small <UlWnnts of sulfate: howeYer, a low narrow 
tPlll])('l':ttnre range j~ lH:.'l'PSsary. roughly behn•en Hl 0 and -L)°C, 
<'\.<lj)(JI'<ttion and ~eleetin• pre<·ipit:ttion <',\'<·h•s being ac·<·cmqd 1 ~J,P<.1 at 
t lH'. daily highs and lows. Potash i~ rec·o,·ereclmuler t ltf• . ..:(' f:q·qralJle 
('O!Idilions only from the Dead ~<'a and from nreat ~;tlt Lake at 
W'endover, lTtah. ~\.rtificial e\·aporation. ,,·ith heat supplit>cl from 
tlwnnal plants, is eeonomiral for sPparation of ,·arions nw.im· prod
net-; ~\Yl1en the brines also l'Ontnin Plempnts such as iodinP, bromine, 
awl boron, which are reeo,·ered a~ \·alnahle side prodnds. Reco\·ery 
by this means is carried ont at Trona, C·alif. ~Iany simp!P solar salt 
indnstrif'S recover salt from sea \\·ater \Vitlwnt attempting to separate 
the various components. A major :-;alt prodnrer in northeastern 
Brazil is cnrrently studying thr possibility of recon•ring se\·eral than
sand tons of potassium chloride as a si<le product of the rPgnlar sodium 
ehlm·ide reco\'ery. ~\ solar brine c·nJwentrate from Jfaran in north
east. Brazil shmYs the follmving nna lysis, in weight percent: R.7 pPrcent 
XnCl. :2.1 perC"ent KCl, 11.7 pPreent }[g·Cl:!, 7.7 percent }fgSO-!, and 
:10.:2 IWrcPnt total solids. 
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Bedded r!Ppo.r:.;its.-For fertilizers, potassium chloride is most wirlel~· 
nsed, follmved by potassium sulfate and potassium magnesium sulfah•. 
Two grades of ('hloride are produced, nO per('ent K:!O muriate and 
22 percent. 1{:!0 (manure salts). The sulfate ('Ontains ;)0 percent 
ICO equivalent, and the double sulfate contains 22 per('ent I(l) 
equivalent and 18 percent l\fgO. In the potash deposits syh·ite and 
other potash minerals are generally intimately mixed with halite and 
impurities such as clay and shale. 1\Yo general methods of beneficia
tion are used, flotation and seledive crystallization. In the flotation 
process, sylvite is floated :nnly from halite in a saturated brine of 
sodium and potassium <"hlorides, the flotation reagent being amine 
chloride or amine acetate. The halite is then obtained as a separate 
product. from the sink part of the flotation circuit. 

Selective crystallization is dependent on differences in solubilities 
of sylvite and halite in saturated solutions at controlled temperatures. 
Ore is crushed and selectively dissolved in warm sodium-chloride
saturated brine. The potassium chloride is dissolved, then recovered 
as a separate pure salt. when the brine is cooled. 

Potassium salts in brines may be recm·ered by evaporation, either 
by solar heat. or by applied thermal heat. 

MINING METHODS 

Mining of bedded potash deposits is generally accomplished by 
modern large-scale highly mechanized production methods, some
what similar to those used in large coal mines. The room-and-pillar 
method is most. used; the pillars are recovered in subsequent retreat 
mining. Both drilling jumbos and continuous mining equipment are 
used at the face, and shuttle cars or belt conveyors transport broken 
ore to gathering pockets at the shaft. 

Owing to pressures generated at depths helm,· i3,500 feet, it is not 
feasible to mine salt. beds much beyond this depth. The salt forma
tions have inherent structural limitations, but other factors, such as 
strength of formations enclosing the salt deposit, must also be 
considered. 

In deeply buried potash-salt deposits, like many of those in the 
TTnited States, Canada, and possibly Brazil, the capital required for 
shaft sinking and mine development is a large proportion of the 
initial in,·estment, especially if difficult ground must be penetrated to 
reach minable beds, as in Saskatchewan. For this reason, a nc.w 
method of mining potash salts at depth without shaft sinking is being 
observed with great interest by the industry. The l{alium Chemical 
Ltd. in Saskatchewan is drilling deep wells to the salt bed. It plans 
on pumping water to carefully eontrolled areas in the bed to form a 
brine that will be raised to the surface in a manner somewhat similar 
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to the Frasch method of producing sulfur. 4\ disadvantage IS the 
costly brine treatment that is required. 

Problems in deep solution mining are generally twofold. One 
difficulty is to maintain the soh·ent capacity of the solution pumped 
down the hole to <lissoh-e the salt heels. ~\s the underground cavity 
in the salt heels grmYs largl'r, the velocity of the solution moving 
through tlw c<n·ity becomes ks::-;, and the solution loses its l•ffccti,·cncss 
as it flows at a slower rate across the salt ,ndls. ~\s velocity decreases, 
insolnbles, such as sand grains, tL·ncl to drop out of the mm·ing stream 
and deposit on the sloping walls of salt bPcls to further lower the 
solution rate. Premature collapse of roof rock may also occur as 
cavity size increases, but to some extent this can be a voided through 
higher pressures in the chamber. Oil is usually floated on top of the 
ehamlwr solutions to protect the roof rock. Success in overcoming 
the problems outlined here <"ould be very beneficial to countries such 
as Brazil that ha vc deep potash-salt deposits. 

SUI.~FUR SOURCES, GEOLOGY, AND TECHNOLOGY 

Sulfur is itself an essential plant and animal nutrient, but its 
principal usp and n1lue in the fertilizer industry is in the manufacture 
of the superphosphates and phosphoric ariel. ~\pproximately 40 per
cent of the 'vorld production of sulfur is used for this purpose. The 
following diagram outlines the present economic sources of sulfur: 

Native 

Elenwntal 

Recovered 

Other forms 

Salt domes 
Other 

Natural gas 
Refinery gas 
Coke ovens 

Pyrites 
Sulfur dioxide 
Sulfate minerals 

FRASCH-PRODUCED SULFUR FROM SALT DOMES 

Salt domes with associated sulfur arc tlw type of deposit yielding 
the most sulfur. They comm<mly arc found in arPas of flat-lying or 
gently clipping sedimentary rocks. Low mounds in some places mark 
the sndace expression of intrusive salt plngg.; or domes. They gen
erally form in areas where the weight of thick sediments deposited on 
underlying salt-bearing beds forces salt plugs up into the overlying 
sl'dimcnts. 
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In Texas and Louisiana, sulfur generally occurs in the cap of the 
salt intrusive, imprebrJ1ated in porous limestone in the lower part of 
the caprock. This sulfur-bearing layer overlies anhydrite, which in 
turn is in contact 'vith the main salt-plug mass beneath. The main 
salt-plug mass may extend to great depths; it has been postulated that 
the source of the intrusive salt is deeply buried Permian sedimentary 
roeks. The top limestone member of the plug, or dmne, is a dense 
compact limestone. There is some evidenee that the sulfur was de
rived from the anhydrite. The average thickness of sulfur-bearing 
formations is about 100 feet; the sulfur content is 30 percent. 

Sulfur from dome-type deposits is called Fraseh sulfur, after the 
method used to extract the sulfur from the cap. Hot wate.r and steam 
are forced into the porous sulfur formation to melt the sulfur and 
force it up the drill hole to the surface. The Frasch method of ex
traction is extremely economical. 

Although at present the only salt domes commercially producing 
sulfur are those in the lTnited States and ~Iexico, others are known 
in the U.S.S.R., Iran, Romania, and Ge.rmany. Those in Mexico on 
the Isthn1us of Tehvante have been rapidly developed; they yielded 
in 1964 an estimated 1.5 million tons of elemental sulfur. Salt basins 
in the Gulf of Mexico area extend about 350 miles inland and also are 
found offshore. The Freeport Sulfur Co. is presently producing 
sulfur from an offshore dome. 

Geophysical surveys are used to detect salt domes and to delineate 
the hard cap area. When a salt dmne is found, systematic drilling 
and sampling establish the character and extent of the deposit. Sulfur 
requires special sampling techniques because of the friable nature of 
the sulfur. A special core barrel is required. Sulfur, like phosphate, 
may be easily overlooked in drill cuttings. 

Every consideration should be given to detection of sulfur-bearing 
domes in salt basins. Study of petroleum drill logs for the sequence 
of compact barren limestone, porous limestone with sulfur, anhydrite 
or gypsum, and deep salt can lead to discovery of a sulfur salt dome. 
The area of a salt dome may be small, perhaps only 75-1,200 acres. 
This presents a much smaller discovery target than phosphate or pot
ash beds; phosphate beds may extend over hundreds or thousands of 
square miles. 

SULFUR IN RECENT VOLCANIC ROCKS 

Along the spine of the Andes in areas of late volcanic activity, many 
sulfur deposits similar to those in the famous Matsuo mine in Japan 
occur as impregnations in porous volcanic material such as tuffs and 
vesicular andesite. Unfortunately, they are generally found at high 
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altitudes, remote from marke.ts and fuel for extraction. Individual 
deposits are generally small, hut the aggregate reserve is large; they 
are important for local consumption, and some may yield enough 
sulfnr for export-for example, Boli,·ia t•xports sneh sulfur to Chile. 

It is necessary to produce elemental sulfur at the mine, because of 
the high cost of transportation to market. .Mining and processing 
costs are high, and the autoclavt• or reduction-kiln reem·ery methods 
arc slow and expensive. 

PYRITES 

Pyrite ( 53.4 perecnt S) and pyrrhotite ( :18.4 percent S) are both 
used for sulfuric acid manufacture. Pyrites (an inclusive term for 
iron sulfides) may be prod need from massive sulfide deposits or as a 
byproduct from beneficiation proct>sses of other minerals. Massive 
sulfide deposits arc broadly associated with ultramafic rocks and 
pillow lavas of the great Circumpacific belt. High-sulfur coals may 
also yield pyrites during cleaning operations. Expense of transport
ing pyrites to the acid plant is a large cost factor because they contain 
only about half as mueh sulfur per ton of material as sulfur derived 
from sour gases and salt-dome deposits. Generally, production is 
feasible only where mining and extraction costs are very low. 

Pyrites can be of great economic importance, however, for sulfuric 
acid manufacture in a country or an area remote from other sources. 
Much of Europe's sulfuric acid is derived from pyrites, and in Japan 
more than 2.5 million tons of pyrite and pyrrhotite, much of it from 
ma:ssive sulfide deposits like the Yanahara. mine, is used in acid plants. 
A valuable side product is iron cinder. Other massive sulfide deposits 
around the Great Pacific Arc are in Taiwan, the Philippines, western 
Canada, and northern California. No comparable deposits are known 
along the Andes, and the e.nvironment there does not seem favorable 
for them because of the absence of ultramafics and associated mafic 
lavas. A more favorable zone for massive sulfides may be the east
trending eugeosynclinal belt in Venezuela. 

SMELTER GAS 

Smelter gases from copper, lead, or zinc smelters are used for acid 
production where there is a, local market for the sulfurie aeid. En
riched hot smelter gases can he nsed for fertilizer production if the 
economics of transportation and market are favorable. There has 
heen t>xperimenta l work on production of liquid snlfnr dioxide from 
smelter gases for transportation to local acid plants. Consideration of 
alternatives depends on local costs, transportation usually being a big: 
factor. 
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GYPSUM AND ANHYDRITE 

The largest concentrated accumulations of sulfur over the world 
are in sedimentary beds of gypsum, CaS04 · 2H20, and anhydrite, 
CaS04, but unfortunately the recovery processes are costly. Great 
Britain produces some sulfur from gypsum, and several plants have 
been built for production of ammonium sulfate, utilizing gypsum in 
a wet chemical process. Gypsum and anhydrite will become increas
ingly important sources of sulfur as technology advances and as de
mands and prices increase. 

COAL 

On a worldwide basis there is more sulfur in coal than in any other 
source except gypsum and anhydrite. Sulfur occurs as iron sulfides 
(pyrite or marcasite) and in amorphorus forms. Average minable 
coal containing 2.5 percent sulfur as pyrite may require uneconomically 
fine grinding to recover the sulfur. However, some high-sulfur coals 
like those of Brazil and Ecuador are possible sources, and research to 
develop means of recovering sulfur from them may be worthwhile. 
Usually sulfur is removed from coal only if the sulfur dioxide IS 

objectionable in urban areas. 

OTHER SEDIMENTARY DEPOSITS 

Sedimentary sulfur deposits may form in basins by bacterial action 
on soluble sulfates where reducing conditions existed during deposi
tion. The sulfur is amorphus and was deposited as colloidal sulfur; 
this is the probable genesis of the sulfurJbearing coal deposits near 
Cuenca, Ecuador. In Sicily, sulfur deposits in clay shales at the top of 
the Miocene sequence are important producers. The sulfur-bearing 
beds are accompanied by calcite, gypsum, and bituminous matter and 
contain as much as 30 percent S; they are irregular in thickness and 
commonly are associated with a succession of muds and gypsum. 
Similar deposits of Permian and Late Tertiary age occur in the 
lJ.S.S.R. 

Black shales, particularly oil shales containing distillable hydro
carbons, may also contain as much as several percent sulfur, both as 
sulfides and in amorphous form. Sweden obtains a substantial part. of 
her requirements as a byproduct from the processing of black shale for 
recovery of vanadium and oil. 

PETROLEUM, NATURAL GAS, AND BITUMINOUS ROCKS 

Refineries treating petroleum from high-sulfur crude oil and gas 
producers using sour gases must. take out the sulfur before their prod
uct is usable. The side-product sulfur has become a significant and 
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cheap source of sulfur. Western Canada and France have become 
major producers of sulfur from this source. 

Tar sands and other bituminous rocks also contain substantial 
amounts of sulfur that must be removed in the recovery of petroleum. 
Some of these deposits are of tremendous size, and although they are 
not being exploited much at present, they are certain to be large 
sources in the future. 

SURVEY OF FERTILIZER MINERALS IN SOUTH 
AMERICA 

Known deposits of phosphates, potash, and sulfur in South America 
are described briefly in the following sections, and their locations are 
shown on plate 1. Potential occurrences, as judged from available 
information on the regional geology, are also discussed. It should be 
emphasized, however, that the geology of most of South America is as 
yet poorly known, and subsequent studies may reveal prospects in 
areas now not suspected to contain them. The striking correlation 
shown on plate 1 between the location of known fertilizer minerals in 
South America and the more heavily populated coastal regions 
suggests that further exploration will show a much larger resource 
potential than can he documented on the basis of presently available 
knowledge. 

ARGENTINA 

Argentina, containing huge areas of pasture and rangeland, mostly 
below lat. 25° S., is in a. temperate zone where rains do not leach the 
soils of their valuable mineral nutrients as rapidly as in more tropical 
countries. Feldspars, apatite, and other minerals eontaining fertilizer 
elements are leaehed at a moderate rate, and grasses and plants obtain 
sufficient nutrients if the cropping pressure is not severe. Until lately 
the farmer or rancher has not felt the need for chemical fertilizers. 
This is reflected both in past low 1woduetion and in import taxes on 
fertilizers. 

A poor crop in 1963, partly due to drought and lack of fertilizer use, 
worsened production for the following year. The Government took 
immediate steps to reduce fertilizer costs to the farmer by eliminating 
import taxes and by allowing the farmer to deduct fertilizer costs from 
ineome taxes. 

Consumption of fertilizers during the 1963 crop year totaled 54,500 
metric tons, a cleeline from the previous year. Imports totaled 33,718 
tons, nitrates being the major item. Domestic production \vas 8,551 
tons of nitrogen, 2,576 tons of P 20 5 , and 2,230 tons of potash. Much 
of this was derived from organic slaughterhouse products, guano, and 
oilseed eake. 
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There are plans to construct a fertilizer plant at Campana by local 
and foreign interests at a cost of $20 million (U.S.) to make tlw 
following fertilizers: 

'f'hOIIHIIIldH of 
mctl'ic tot/.~ 

aunuall/1 

Anunonia --------------------------------------------------------------- ~~ 
Urea------------------------------------------------------------------- ~~ 
Rulfuric acid ______________________ ------------------------- ______________ =~~' 

Ammonium sulfate _____________________________________________ --------- !i() 

Ruperphosphate _________________________________________ --------- ______ riO 
~[iXE:'(} fertilizPrS ______ ------- ___________________ ------------------------ HO 

The ra"·-material requirements will he met from local resources as 
far as possible. Ammonia and nitrates ''"ill be no problem as they call 
be made synthetically. ..:\rgentina has substantial sulfur resom·ees. 
hut phosphate rock and potash deposits sufficient to meet the dema1Hl 
have not been discovered. There appear to be some prospects for these 
materials, however, and further geological reconnaissance and explor
ation are needed. 

SULFUR 

In 1 D62, ~ \rgentina produced 22,!'>00 metric tons of refined sulfur 
and 166,120 metric tons of gypsum: volcanic-type deposits were the 
source for all local production of refined sulfur. In addition to ele
mental sulfur, sulfuric acid is made as a byproduct from the smelter 
gas of a lead-7.:inc refinery, and some from hydrogen sulfide gas is 
reeovered from coke m·ens of the Go,·ernment-owned steel plant. Im
ports of sulfur amounted to 1 -t-,000 metric tons. 

VOLCANIC TYPE 

..:\long the east slope of tlw .\nd{'s are extensi,·e deposits of sulfur~ 
impregnated layers or beds of ,-ol('an ic ash or tuffs on the slopes of 
,·olcanoes, generally at high altitmlPs (10,000 ft or higher). Owing to 
heavy storms during the winter months, mining operation~ are re
stricted to ahout 7 months of tlH' year. Mining, transportation, and 
treatment costs are high, but in some places ore resern•s are said to he 
sufficient to justify modern N]nipment, particularly at the ~finera 
~\rgentina and the Volran On•ro mines, both owned by the same 
company. 

The Yolranic-type sulful' deposits, as mined, assay from ao to 60 per
cent. S, and the sulfur content ,·aries widely in short distances. Tlw 
heterogeneous nature of thesP <h•posits makes it difficult to estimate re
setTes without extensi,·e ('Ostly sampling. 1-Iowe\·er, the amount t>f 
sulfur-hearing rock in this \·olcanie belt is nndonhtedly ,·er,v large: 
the question is what ran hP ('la:-;silit><l as sulfur ore within the present 
economic framework. ~\I tit ttdf• :tlld transportation are big factors. 
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In 1962, proved resen·es in seven deposits, including three now 
worked, were reported to be ~,250,000 tons of sulfur, 'vith an additional 
several million tons in the probable and possible categories. Total 
sulfur resources along this belt are nnclonhtedly many times these 
amounts. 

Among the principal volcanic sulfnr deposits is the Volean Overo 
mine, in Mendoza Province (]at :).J:040' S., long 70°05' '\V.). Its alti
tude, 14,500 feet, restricts mining operations to only ± months in the 
year. The average grade of the ore is about 40 percent S. Ore re
serves in 1964 were estimated as 265,000 tons proved and :365,000 tons 
probable in three of the principal areas. The ore is mined in an open 
pit and trucked to a loading bin on the top end of an aerial tram,vay. 
The ore is lowered by the trannvay to the sulfur refining plant near the 
~\.tnel River, at an altitude of 7,000 feet. Treatment of the crushed ore 
is by autoclave and by flotation of the undersized material discharged 
from the autoelave. 0Yeral1 reco,·ery at this modern plant is 90 
pereent. 

The Hilda Mary mine is in the territory of Neuquen, on Cerro Bayo 
60 kilometers nortlnvest of Trincao ( lat 36 °±0' S., long 70°45' '\V.). 
From exploration in two sections of the mine <luring 1962, the sulfur 
content is estimated to be 2i~ percent. Hesen·e estimates are :38,700 
tons probable and 1:3,300 tons possible. There is a small production of 
sulfur by autocla ,.e. Exploration ''"ork is continuing. 

The Julia·mine is in Salta PrO\·ince, on Cerro Estrella, almost on the 
Chilean border, 16 km from the Casnalidad mine (lat 25°00' S., long 
68°25' "\V.). A~ cab}e,vay prm·i<les means of transportation of ore to 
the Casualidad autoclave refinery. ReselTes are estimated as 2,700,-
000 tons of ore that is ~;3 petTPnt S, with probable and possible reserves 
of 10 million tons or more. So111e sect ions of the mine contain masses 
of pure sulfur. Fabrieaeimws ~Iilitares refines the ore, and produc
tion is about 18,000 tons of rel-ined sulfur per season. 

Other mines are under exploration or are worked on a n•ry low seall'. 
The Orcoynrac mine is in the Territory of N euqu.en near Con·ida Rio 
<Trande atHllm::; been explored in part by Fabricaciones lVIil it ares. The 
grade of the ore is reported to he ~:1 percent H, but no reserve estimates 
are available. The Ih·ayracoya mine is also in the Territory of 
X euquen : the ore assays 2f) percent sulfur, but rese1Tes ha.ve not been 
determined. The Rey ~Iago mine in San .Tnan ProYince contains 20 
percent sulfur ore, out its reSl'I'\"('S are also unknown. The La Hetty 
mine in ,Jujuy Pro,·in<'e1 containing ore that is ~o percentS in the 
richest parts, is said to ha\·e an extensin• area of tutf intpregnate<l 
with sulfur. 
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SULFURIC ACID 

At San Lorenzo in Jujuy Province, Sulfacid S. A. and St. Joseph 
Lead Co. operate a lead-zinc smelter that has a sulfuric acid capacity 
of 110 tons a day. The lead-zinc ores are from the mine at El Aguilar 
(lat. 23°15' S., long 65°40' W.). ~'- gm·ernment-operated plant at 
Rfo Tercero in Corrloha Province has a daily capacity of 100 tons of 
acid. Sulfide ores for the smelter come from San Juan Province. 
A wet-contact sulfuric acid plant (78 percent H!!S0 1 ) produces about 
23 tons of acid per day from the coke ovens at San Nicolas Steelworks 
Other acid plants use elemental sulfur. Zarate Sulfurico S. A. has ~\ 
capacity of 100 tons a day, and Industrias Quimicas is rated at 225 
tons a clay. Yacimientos Petroliferos de Fomento operates a hydrogen 
~nlfide extraction plant and sulfur recoYery nnit to produce 42 tons of 
~nlfur per day from oil refinery operations. 

lTntil now, most of the demand for sulfur has been for industrial uses 
other than fertilizers, but the manufacture of fertilizers will increase 
in the future. 

POTASH 

Salts and brines.-No potash salts have been found to date (1965) 
in Argentina. There has been some investigation for potash in the 
larg·c salinas of the northwestern part of the country where borax is 
mined in sufficient quantities to be an export commodity. Principal 
sources of common salt (halite) are the salt crusts in shallow salinas 
of Papa and Buenos Aires Provinces. Systematic inYestigation for 
potash salts in salinas and in closed basins may find potash salts or 
brines. Oil-well logs and samples also should he carefully inYPsti
g-a ted where sa 1t beds are pPnetrated. 

Alum.ite.-In the Yicinity of Camarones, lat 44°48' S. and long: 65°-
42' 1V., in Chubut Province, an alunite deposit is being- considered as a 
possible source of potash with side products of aluminnm oxide and 
sulfuric acid. Analysis shows that the alunite contains 4-7 percent 
1(:!0, 22-35 percent A120 3 , nnd 25-35 percent SO:I· 

PHOSPHATE 

PHOSPHORITE 

No phosphate rock is produced in ~\rg·entina, hut marine sedimen
tary rocks of :;\fesozoic and Cretaceous age are perhaps favorable for 
its occurrence. ~\belt of marine rocks of .Turassic and Cretaceous age 
that are also worthy of investigation for phosphates are exposed on 
the eastern slope of the Andes. 

A phosphate occurrence in Departamento o .Tnjan (lat 33°0i3' S., 
long 69°1 0' 1V.). near Cacheuta in Mendoza Province. was investi
gated in 1963. This deposit consists of sedimentary carbonaceous and 
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bituminous rocks of Middle to Late Triassic age. Few samples shmved 
more than 1 percent P, but further reconnaissance probably would be 
j ustifiecl. 

APATITE 

Peg-matites contammg: some apatite are found in the mountains 
of San Luis, .:\Icncloza, Cordoba, La Rioja, and Catamarca Provinces 
and the Territory of K cuqnen. To elate ( 1065), none of the pegma
tites investigated contain enough apatite to be of interest as a source 
of fertilizer. Intrusi\'e carbonatites similar to those found in Brazil 
may also oc·cur in A\rgentina. 

THOMAS SLAG 

Basie slags from high-phosphorus iron ores contain l;)-1 H percent 
P:!O., and are a \'ery clesiralJle fertilizer for most soils. Such slag;:; 
supply Germany with half of its phosphate fertilizer requirements. 

I-Iigh-phosphorns iron ores ('ontain the largest known reserves o£ 
phosphate in A\rgentina. ~\t the Zapla mine in .Jujuy Provinec (lai 
2-± 0 15' S., long (i;) 0 0;)' "r·), iron ore contains 0.7 percent P. Basie slag 
from this ore' assays lfl-1!) percent P }1.,: production ~was 20,000 tons 
in 1!)();). There are plans to in<Tease procluetion to i~O,OOO tons. 

~\t Sierra Grande (1at -±1 °~7' S., long G5°~:-1' ,V.), iron ore assays 
l.V~ percent P and;~);\ percent Fe. HesetTes are said to be 6!3 million 
ton:-; of m·c. PlannP<l pro<lndion is 1,GOO,OOO tons of ore which will be 
<'Oll\'erted into pellets ('CJlltaining nH percent J1-.e. Phosphate will he 
re<·m,ered as a nwrkt>tahle basi<· slag containing 1;) percent P:!O;,. 

~\ <leposit of marim· phosphatP \\·as recently dis<·m·pred by geologists 
of Y:wimientos PPtrolfferos Fiscnles (YPF) in the Comodoro Riva
fla,·ia reg·ion of southern ~\rg-entina (oral !'ommtm., E. 0. Ho11eri, 
<·hief g-eologist, YPF). ThP (leposit "·ill he in\'estigated by the 
Tnstituto Xational <lP neologia y :Minerfa. 

BOLIVIA 

Boli\'ia usps n•ry little fertilizer of any type. Import records for 
1!)CP3 sho"· total imports of ~.noo tons of all types of fertilizers. No 
pot ash or pl1osphatP is pro<hwed lo('nlly, :m<l there are no known pot
ash dt>posits. ~nlfnr \Yas mined from hig·h-g:rade \·olcanic <leposits in 
tlw DPpartanwnto Potosi at a rate of 1o,son tons for IDfm and was 
Pxported to ('hill'. ~nwltPrs tt·Patin~.!: snlfi<les (lischarg:e the snlfnr gases 
i11to tlw air, and so111e snlfi<lPs also are dis<"anle<l in mill tailing:s and 
dumps. 

Larg·p l'l'SPI'H'S of g·a:-; and }H'tmlemu are suftic·ient to supply all local 
rt>quirPillPilts for :tllll1lO!limu fertilizers and probably to supply some 
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for export, when a market is deYeloped to justify the capital cost of a 
small ammonia plant at the refineries. 

The Brazilian ~h ield eoYers lllll<'h of t lw eastern part of BoliYia, 
inelnclinp: nmeh of Departamento ~ant a ( 'ruz: Preeamhrian a lluYia 1 
sedimentary ro<"ks till the Beni mal Cluwo sedimentary tronghs. The 
zone is <'<>Ill posed of thi<"k he<ls of Paleozoi<" se<limentary roeks. 

SULFUR 

Bolivia has many n>leanie-type sulfur deposits similar to those oi~ 
Ecuador, Peru, Chile, and ~\rgentina. They all oeem· at high altitudes 
and are usually high-<'ost producers. Total snlfur rPserYes are prob
ably Yery high but are difficult to estimate hecause the sulfur-impreg
nated tuff and ash are Yery irrPgnlar an<l han' no uniform depositio11 
pattern. ~\11 BoliYia·s present snlfur prodndion <'onws from these 
Yokani<' sulfur <leposits. Prin<'ipal sulfur deposits are as follows: 

San Prrb7o deNa prt is in Nor Lipez Prm·inee, Departamento Potosi 
( lat ~~o~w ~., long m~o;m' ,Y.), and near a ra ilroa(l. The ore is re
ported to contain 70 perc·ent :--1 atHl to yield an antoclan' product of 
!1!).;') percent :-;. Resern's are l.i)-;) .. ;) million tons of inferred ore. 
~ize of tlw deposit is 1,:100 meters in length, ()00 min width, and 6 min 
thickness. 

E7 DesiPrfo ('onr:epcion is about H km sonth of Snn Pahlo de Napa 
in X or Li pPz Prm·inee (lat. ~0° ~:V ~.,long (it-~ 0 :Hi' ".,..·). The grade of 
the ore is ;);)-()() J>PlTent S which prodtH'PS a HD.;) percent S product 
aftPr treatnwnt. lnfPrred resPrYes in tlw opPn pit an• MiO,OOO tons 
of ore. 

Si17((y/uf((y is in Nor LipPz Prm·inee ( lat 1!) 0 -l-t•' S., long 'it-1°-t-~' ,Y.). 
HPsen,es are Pstimah'd to he l,~no,ooo tons of (i!) per<·ent infenP<l ore. 

( 'rtllff prr is in X Ol' Lipez Prm·ince ( lat ~1 °~H' s., long (it-\ 0 07' ""·) 
and near a milroad. HesPtTes are pstimated to he 1,~;")0 tons of ore 
that is !lL) pt>r<·ent S. .\ hPnefieiated product assays !)!).;) perc·pnt S. 

Or·ana is in Xor Lipez Pro\'ince (lat :wo:H)' S., long GH 0 27' ,V.) and 
nPat· a railroad. lnfened rPsetTes are so,noo tons <'ontaining -t-0-(iO 
}>Pl'<'Pnt S. Tlw ore body is ;)00 m long·, lt)O n1 widt-, an<l ahout {) m 
thi<'k. ~\ la\·a ftmv :~--t- 111 thi<'k coYers the deposit. 

PHOSPHATES 

.\lthough no phosphates are 111ine<l in Bolivia, therP are favorable 
lllarine fon11at ions whi<'h are worthy of inn'st ig·at ion. Thick sections 
of ( 'rPta('eous strata <'rop out in t lw \' icin ity of LakP Titi<·:t<·a alHl tot he 
south, whPre they <'ontain petrolPHlll. 

( ~hacorilla farm in Cornelio SaaYedra Pnn·ince ( lat 1!) 0 :)4' S., long 
fi;)o~j' ""·) is in an area of folded Onlm·i<'ian sancbtone and shales. 
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Ifere a thin-lH·dded layer of plw~phoritl' ~~~ <'entillleter:-; thi<'k has been 
t ra<'Pd fm· Hill I Ill alon~: t ht> ontcrop: it <'ontain:-;~~ I per<'ent P /},. 

;-o;ailliW] Host>nl>lnm ( writtt>n ('Ollllllllll., ~ on'mber 1D65), F.S. Geo
logic·al ;-o;un-ey, rPporte<l phosphate tloat in ~t strPaml>ed 100 km east of 
La Paz on tlw ra~t slope of thP ~\ll<les. The samples :ll'l' ooliti<' collo
plwne and shell fra~:ments. ~\ ~eareh "·il1 be made for the sourre of 
this material. 

~\ lkaline ig·11eons rrwks of PPrmian agP fm·n1 part of thP ~\ndean 
monntain zone. )fargins of thest> intrnsi,·ps lll<lY be \Yorth }H'm-qwding 
for ig·neons apatitP dt>posits. 

BRAZIL 

Brazil is fortunate in lm ,-inp: fairly l:u·ge kn0\\'11 re~Pl'H'~ of phos
phntl', mostly in the form of ig·1wous apatite. Tht>re art> al~o promis
ing areas likely to ('ontain potash in ~er:,.?:ipe ;--;tate. 

PHOSPHATES 

'Yith the. e.'u·eption of Olinda an<l possibly ~\raxa, H'l'Y little of the 
phosphate reseiTes of Brazil can be classitiecl as mPasnrecl. Indicated 
and inferredreserYes from known <leposits total ahont :~00 million tons, 
as follows: 
---------~----------.,--------- -~~~ ~----~~-

1 

Reservf's Grade 
(million (percent 

tons) P20s) 
:--.ia1ne Location 

----------------------------1----- --------
1 

Olinda________________________________________ Pernambuco 1 30---40 24-35 

~l~~ii~i~~~~-~~ ~=: ::::::::::::: ~ ::::::::::::::: -:~~~;;L:~~~ ~: :_:: ~ ~:: :~~::::::I J~ Io-;g_ 5 
Serrote__ _ __ _ __ _ _ __ _ _ __ __ __ ___ _ __ _ _ _ _ _ _ __ _ _ __ _ _ ___ do___ _ _ __ __ __ _ _ _ __ _ _ _ __ _ _ _ _ _ I 20 
Uuariruva _______________________________________ _rio___________________________ 5 20 
Ipancma_____________________ _ ________________ _ ___ do___________________________ I 20 

~~~:~~::~;;::~,d~l)•.•.·.· •••.•••••••• :. •: •••. ·~~·:~ond,. -?-~ •. ~ •. • --}·I~.~~ :1 : 

~\gri Research Incorporate-d ( lDH--1) estimated that, by 1970, produc
tion of soluble l\0 ... will be ~;~~,000 tons per year soluble from about 
700,000 tons of rock or concentrates. Agri Research further stated, 

If the consnmvtion of r~O:; follows a steeper trend than indicated by the linear 
llrojection of past c·onsnmption there should be no problem in providing- facilities 
for soluble P"O". hnt the national phosphate rof'k supply will be more of a problem. 

The lJPst solution to the vroblem of futnrP phosphate rPserves for Brm:il would 
lle a strong prog-ram of gpologi<"al exploration to find and develop additional 
reserYes. lwppfully in reasonallh· <HTPssiblP loentions. The only ot1wr reason
able alternate is importation of phosphate roek with the resultant drain on hard 
eurrenC'y exehangP. 

OLINDA PHOSPHORITE DEPOSITS 

The Olinda phosphate deposits contain the largest known reserves 
of marine phosphate rock in Brazil. They are. about 7 km northeast 



30 FERTILIZER-MINERAL SOURCES IN SOUTH AMERICA 

of Recife, State of Pernambuco. in northeast Brazil, and are con
veniently located adjacent to a good deep-water harbor at Recife. 
However, shipping costs are very high between Brazilian ports owing 
to local port and shipping charges. Olinda rock is thus handicapped 
in competition with imported phosphate rock in Santos or any part 
of Brazil other than the northeast. Fortunately several local fertil
izer plants are in the construction or planning stage at Recife, so i11 
a fe"· years the mines should not have to seek distant markets for 
either their high-grade (i3fi percent P 20 5 ) or their low-grade. (24 
percent P20.,) rock. 

Estimates of reseiTes rang·e from i30 to nO million tons of phosphate 
rock, about 4 million tons of which is considered suitable for strip 
mmmg. At a rate of 200,000 tons per year of concentrating-plant 
product and a ratio of i3.4 tons of rock to 1 ton of concentrate, the open
pit rock is sufficient for 5 years of operation. On the basis of the total
reserve figure of i30 million tons, reserves are sufficient to last for 35 
years at the planned output. Demand probably will increase rapidly, 
and it would be desirable to undertake exploration to develop addi
tional reserves. 

Tlw phoPphate. formation at Olinda occurs at the base of a gmy argil
laceous limestone which is called the Grnmame Formation~ it is Late 
Cretaceous in age (:~1. G. 'Yhite, written commun., 1 !lil7). rnderlying: 
the Gramame Formation is the Itamarnea Formation, also Late Crr
taerons, which is probably more than 200 m thick and overlies Pre
<·ambrian crystnlline rocks. It is composed of layers of hard 
yellow to gray calcareous marine snndstone interlayered with fri
able fresh-water sandstone. The frinble continental sandstone is 
locally conglomeratic and contains carbonized plant remains. 

The phosphate bed at the. base of the Gramame Formation Yaries in 
thickness. but it rarely exceeds 4 m and in some places may be as thin 
as :20 em. Production is from the pnrts of the lnyer that exceed 1 min 
thickness. 

The phosphate is g:ray and yellowish white. The gray phosphate 
rock is compact and hard, and the lighter colored rock is more gran
ular. The phosphorite occurs as small nodules and fills the interior 
of fossils, including foraminifers and coprolites. The rock n ,·erage.;;; 
about:!;) pereent P:!O., and is high in SiO:!, Fe, and Al. 'Vhite stnted 
( \\Tittell ('Oilllllllll., UH)7) that this phosphate is radioaetiYe: indiYidnal 
samples contains as much as O.Oi3 percent r:10,, and the a,·eragr is prob
:~hly 0.02 percent lTaO.". 

~\ lllo<lPrn beneficiation plant with a ea.pacity of 200,000 tons per 
yt>a r opemtPs at a rate of only ilO,OOO tons per year; this is largely. 
due to the high shipping costs previously mentioned. T\YO plant 
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products are obtn ined. One, 50 percent of the output, is a high
grade concentrate containing;~:)-:).± percent P ~05 and is sold for normal 
~nperphosphate manufacture. The fines make up the remaining 
plant output and assay about ~-1-:2;) percent P ~O:.; the fines are combined 
with ~ome of the high-grade material to make a direct-soil-application 
pt·oduct of :28-:W percent }\(}-,. ~\gri Research Incorporated ( 1964) 
estimated that a production of 1-!0,000 tons of Olinda phosphate rock 
will soon be required for local fertilizer plants and direct soil applica
tion in the northeast. The lmY-gracle-concentrate plant product is not 
:-.uitable for making superphosphate or phosphoric acid (H3P04). 

J\Iining is 110\Y by open-pit methods; but reserves are limited, and as 
oyer burden iwTeases, underground methods ~will have to be employed. 
".,.ater and hanging-wall support "·ill present problerns. Ground-water 
geologists say the heels oYerlyinp: the phosphate formations are aquifers 
prodneing a fairly strong· hydrostatic head in the mine area, and they 
estimate that the amount of water involved is sufficient to supply the 
cities of Recife and Olinda. 

The marine Tertiary sedimentary roeks unconformably overlying 
the Cretaceous sequence are called the Ba.rreiras Formation; this for
mation extends for hundreds of kilometers along the coast, both north 
and south of Olinda. To the north it is found as far as Joao Pessoa, a 
distanc:e of 10-! km. The "·idth of this sedimentary belt ranges be
tween 11 and Hi km~ and the thickness of the beds also ehanges along 
the strike. The Barreiras Formation conceals the phosphate deposits, 
and it is difficult to determine their extent except by drilling. 
~onw exploratory (hilling· has l>een (lone along this belt in the course 

of petroleum Pxplor;ttion, and ~ome low-grade phosphatic rock has 
lwen found in Hio Granrle do Xorte seYeral hundred kilometers to the 
nmt beast of 01 inda. }fore "·ork on these Tertiary and Cretaceous 
sedinwntary rock~ is needed: geological stncly of facies changes shonhl 
be a major factor in the search for new marine phosphate deposits. 

Phosphate nodules ha,·e been <lreclged from the sea bottom off the 
C'oasts of Bahia and Sao Paulo, hut their extent and potential have 
not. been explored. 

ARAXA APATITE DEPOSIT 

'l'he apatite deposit at ~\mxa, ::\iinas Gerais, is one of the two largest 
known apatite <leposits in Brazil. It is in tht> central region, but 
trnnsportation f<H·ilities to ~npply ~ao Panlo and agricultural areas in 
the State of ( l:oias are poor. 

~ \ recent. drilling program by the Brazil ian Gm·ernment has re
,·ealed an ore body of which -l-:2 million tons is more than :2:2 pereent 
P~O.-, and -W million tons is 1:2-~0 percent 1\0.,. Howe\·er, the Bra
zilian Government also reported that at least :12 million tons of the 
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higher grade material contains 15 percent. Fe20a, which would require 
removal. The amount of low-grade iron-rich apatite rock is unknown. 
Because some blocks of iron-free apatite are unmapped, total reserves 
are not known with any exactitude. 

This deposit also contains one of the world's large reserves of pyro
chlore, said to be 120 million tons assaying 3.48 percent. Nb205, 0.114 
percent Th02, and 0.05 percent U:!08 • Samples of the apatite nver
aged 29.9 percent P:!05, 12.45 percent Fe20a, 0.20 percent Al:!03, 0.05 
percent Ti02, and 3 percent F. 

The Araxa deposit is associated with a carbonatite mass, 6.5 km in 
diameter, intruded into crystalline limestones of the Minas Series. 
Magnetite, barite, and calcite are associated with the apatite. The 
iron-apatite ore is an intimate mixture of small shattered grains of 
apatite, with secondary limonite in the cracks. Treatment of this 
type of material presents a difficult ore-dressing problem. 

The present ore-dressing plant upgrades the run-of-mine ore by 
washing, grinding to 48 mesh, removal of magnetic iron by electro
magnets, and tine grinding to 200 mesh to obtain a direct-soil-applica
tion product. In 1963, production of this direct-application product 
was 30,000 tons containing 8,700 tons of P205. 

Much of the deposit is high in iron and therefore not suitable for acid 
treatment to make a normal superphosphate. The company plans to 
build three thermophosphate furnaces which will produce 150,000 
tons per year of fused phosphate (magnesium silicate-tricalcium phos
phate). Agri Research Incorporated, in its 1964 report, stated that 
according to findings of thermophosplmte manufacturers in ,Japan, 
the high iron content will not be detrimental in this process. The 
material will contain 20 percent. P 20 5 • Similar material has proved 
to be a highly effective phosphate fertilizer in Japan, where tesLs on 
acid soils show that the fused phosphate gives superior rice yields 
compared to superphosphate additives. Magnesium silicate can be 
obtained from a deposit of serpentine near Araxa. Cheap powe.r is 
also available. 

JACUPIRANGA APATITE DEPOSIT 

The J acupiranga deposit is in southern Sao Paulo State near the 
Atlantic coast (pl. 1). It is in the center of the southern farming 
region, which consumes 90 percent of the fertilizers used in Brazil and 
has t.he highest agricultural output. The J acupiranga reserves are 
estimated to be 150 million tons containing 6.5 percent P 20 5 (Agri 
Research Incorporated, 1964). Other estimates gi,·e lesser reserves 
of a somewhat higher grade material. One estimate gives 15 million 
tons at 10 percent P 20 5 • 
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The J acupiranga apatite deposit is part of an igneous complex 10 
km long and 7 km wide with a central zone of carbonat.ite. The 
igneous complex is composed of peridotite, titaniferous magnetite, 
apatite, olivine, serpentine, and pyrochlore. The weathered top area 
is an insoluable easily mined concentration of apatite material now 
almost mined out. Mine heads contain 2:3 percent P20s. 

The unweathered low-grade rock containing 6.5 percent P205 has 
been subjected to extensive laboratory and pilot-plant flotation tests 
which have yielded high-grade concentrate containing 40.2 percent 
P~05, 5-l: percent CaO, 0.11 percent insolubles, ancl1.69 percent F. The 
ratio of concentration is 1 ton of eoncentrate to 8 tons of roek. 

A full-seale plant is planned to have a production capacity of 100,000 
tons per year in the first. stage with later expansion to 000,000 tons per 
year. Reserves are ample for at. least 50 years at this rate of 
produdion. 

SERROTE APATITE DEPOSIT 

The Serrate apatite deposit. is near the town of Registro, Sao Paulo. 
The rock from the mine is taken 1 km to the benefication plant where 
a eoncentrate is produced, then transported 22 km by road to the rail
road at J uquia. 

Reserves are estimated to be 1 million tons containing more than 20 
percent P~03 , calculated to a depth of 50 m. The depth to which the 
apatite extends is unknown. 

The deposit. is about 1,800 m in length and 10-15 m in width and 
eonsists of apatite, magnetite, and barite. It is related to an intrusive 
mass of nepheline syenite whieh forms an erosion-resistant hill about. 
100 m in height. and 1 km in diameter. Altered pyroxenite is associ
ated with the intrusive roek, and the zone is bordered by Preeambrian 
gneiss. Theee aee two types of phosphate roek, a hard crystalline 
apatite, and a secondary rock that is an amorphous preeipitate. 

The secondary rock has a much greater eitric solubility than the 
apatite, so it. can be finely ground and sold for premium prices for 
direct application. Plant capaeity is rated at 14,000 tons per year. 
Mining started in 1948. Production for 1963 is estimated to be 11,500 
tons of rock containing 3,250 tons of P ::!05 • 

GUARIRUVA APATITE DEPOSIT 

This earbonatite apatite deposit. is near Reg-istro, Sao Paulo, and 
about ~2 km from .Tnquia station on the Sorocnba Railroad. Reserves 
are estimated to be [) million tons eontaining :20 percent P/},. 

The deposit is similar to the nearby Serrote deposit. The apatite 
oceurs in a layer 10 m thick, said to average 22 percent P::!05 ; it is 
associated with an alkaline intrusive. mass of nepheline syenite, dolo-
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mite, and p)Toxenite. ~fining was suspended a few years ag·o when 
the pumps couhl not handle water in the mine. 

IPANEMA APATITE DEPOSIT 

The Ipanellla deposit is :20 km southwest of Sonwalm, Sao Paulo, 
and about 160 km from the coast. The Sorocaba-Ponta Grossa Rail
road passes <"lose to the mine near Ipanema. The dPposit is estimated 
to have 1 million tons of material assaying 20 percent P:!O., and as 
much as 24- percent Fe. The deposit is in a nepheline syenite and 
alkaline-carbonatite ring intrusive. Titaniferons magnetite, ortho
<·lase feldspar, and biotite are associated with the apntitP. ThP mined 
•·ock was upgraded by washing and magnetic separation to produce a 
aa }H.'l"('Pnt. P20., product containing 12 perernt Fe:l}l. 

The mine was operated by the Rrm~ilian GoYernment for ;; yPars 
after it opPned in 1D2D. Mining was first done by underground meth
ods, then was changed to open-pit operation. This deposit is now 
being considered as a source of apatite ·for magnesium thermo
phosphate hy .Jesuino Felicissimo, .Jr., of the Instituto fle Geografia P 
Geologia, State of Sao Paulo. 

MONTEIRO APATITE DEPOSITS 

The l\fonteiro deposits are in the District of Monteiro, Para1ba 
State, about of> km from the railroad at Sertana, which is on the 
Northeastern Rai1way about aao km from Recife. Three deposits an' 
said to have l'<'Serves of 200,000 tons ('OJ_ltaining 40 percent P:!O~ .. 
This is a hand-sorted product. 

The apatite deposits arpin tlw Serido schist and ('akareous shale and 
are asso<"iated with pegmatite intrusions. Blue apatite is found as 
irregular massPs in the pegmatites. Some of the pegmatite contains 
iron-manganese phosphate minerals and amhlygonih•, which are not 
usahlP. The deposits \H're mim•d some yPars ago hy small-scale hand
sorting nwthods at a rate of less than a thousand tons a year. ~\.fter 

grading· and S('J'Pening, a hig·h-grade prmlnet WaS SPllt to llecifl'. 

ANNITAPOLIS, TAPIRA, AND IPIRA APATITE DEPOSITS 

~\t ~\mtitnpolis, Santa Catarina State, on the hanks of the Pinheiro 
Hiver, apatite (X'<'Hl's in <"rystalline limrstone. It is ass<)('iated with 
magnetite, biotite, and tremolite and seems to 1)(' relah'd to nearby 
intrusive alkaline rocks. The apatite is said to :l\·erage 11 percent 
P:!O.-,. In l\finas Herais State, apatite o<·<·nrs in an alkaline intrusiYe 
mass nPar Tapira, which is ahout 120 km east of Sacramento. Pyro
<"hlore was detected hy radioacti,·e :momalies in the conrsr of an aerial 
survey. Samples show f>-Vl pen·ent pyrochlore whieh assays 27 per
<·ent Nb/ )_,, -l-.H percent. ThO:!, and -l-.0 percent ZrO:!. In Bahia State 
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about 25 km from the city of I pira in the Serra de Gurgelha and on 
Serrote das Panelas, apatite occurs in alaskite in a mineralized zone 
whieh extends over an area of 2-3 km. The layer sampled shows low
grade material, but further investigations in the clistriet may reveal 
other intrusives. 

PIROCAUA PHOSPHATE 

The Pirocaua deposit is near the coast in the northeastern part of 
Maranhao State between the small fishing port of Aurizona and the 
Bairro Sao Jose de Pirocaua. Local roads are inadequate, and trans
portation is mainly by boat. 

The Pirocaua deposit is an aluminous laterite type, basically an 
aluminum phosphate that poses a difficult processing problem. It 
was studied and drilled by I. G. Farben Industry, but there is no 
production. Reserves are reported to be 10 million tons of 27 percent 
P zOs material. 

The deposit is near the surface on a lmv hill ~which rises 100m aboYe 
the surrounding plain. The hill consists of Precambrian phyllite 
which has been 'veathered to a laterite to a depth of about 25 m. The 
deposit is a phosphatic bauxite containing about 27 percent PzOs and 
4-0 percent Al/}1• A limonite capping about 2m thick covers the sur
face. Possibly the, laterite was saturated with solutions from leached 
~uano to form the phosphatic bauxite. The P 205 content increases 
with depth. 

TRAUIRA ISLAND PHOSPHATE 

Trauira Island Maranhao State, is in the delta of the Maracassume 
River (lat 1 °5' S., long 45°35' ,V.). It is about 2 km south of Apeu 
Island and close to Pirocaua Hill. Estimates of reserves range from 
6 million to 11 million tons. Owing to inaccessibility and difficulty of 
treatment, exploration 'vork has been limited. 

The geology of Trauira Island is Yery similar to that of Pirocaua. 
~\_ surface limonite cap covers a weathered residual deposit of alumi
nous phosphate and laterite. The mnveathered rock is phonolite and 
corallinwstone. Genesis of the phosphatic bauxite is considered to be 
chemical interaction between bauxite laterite and downward-percolat
ing solutions derived from guano. 

Four samples of phosphate bauxite show the following analyses, 
in percent: 
------------ ---- - ------~- ----- -~---~------------------------

1 AI203 Fe203 CaO 

iF-·---···· -~~ ]1ff-- ~ ~- !-~ --=~- ;; 



36 FERTILIZER-MINERAL SOURCES IK SOUTH AMERICA 

GUANO DEPOSITS 

}fany islatHb off the coast of Brazil contain small amounts of guano 
or phosphatized rock formed from the li:>aehing of guano. Gnann 
Brazil investip:atP<l many of these hut has not yet found large con
centrations eomparable to those on the west eoast of ( 'hile and Peru. 

Rata Island (lat i~ 0 +H' S., long H2°i~W ,Y.) is one of a volcanic group 
that makes up the Fernando Noronha .. \rchipelago. Guano has been 
mined here on a small scale for many years. In addition, calcium and 
aluminum phosphates have been formed by leaching of limestones and 
phonolite. Part of the caleinm phosphate assays 2-l percent P::O;;, and 
the alnminmn phosphate contains 20 percent P:?O~. The overall aver
age is lower, but it has a high citric aeid solubility. which makes it a 
<le.sirable phosphate fertilizer. 

Offshore guano-type fertilizers are reported to total ()00,000 tons, a 
liberal figure according to sorne experts. 

POTASH 

.. \t present ( 1965), no potash is produced in Brazil. The total con
smnption of 110,504 tons of potash, mostly as potassium chloride, was 
imported during 1964. Costs are estimated to have been about 
$8,500,000. Three possibilities have been considered for producing the 
potash from local sources. One plan "·otlld extract potassium sulfate 
from a large body of orthoclase feldspar. Another would recover 
potassium chloride as a byproduct from a large-seale sea-water salt 
project by solar evaporation. The third possibility is exploration of 
a buried salt basin found during oil-well drilling operations in 
Sergipe State in northeast Brazil. All these possibilities require ex
tensive feasibility studies to determine their economie practicability. 

SERGIPE ROCK SALTS 

The best possibility of satisfying· Brazil's potash requirements, with 
perhn,ps an excess for export, may be the newly rliseovered potasll-bear
ing· salt beds found during· petroleum exploration ch·illing near the 
eities of Aracaju, Sergipe State, and Maceio, Alngoas State. A harbor 
at Maceio can dock boats of l!S,OOO tons displacement, and these port 
facilities already are served by a railway. The Government highway 
traverses the sedimentary basin area. A\.dditional g·eologicnl work and 
test drilling are necessary to determine whether pota~h reserves can 
be developed in the basin areas where preliminary drilling results in
dicate both carnallite and syh·ite in the salt beds. More than a 
hundred 'veils have been drilled in the Sergipe-Alagoas basin. 
Twenty-nine of these penetrated salt beds. One hole drilled, Aracaju 
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1 (AU-1-SE), shows two potash-rich zones, one :2m thick and the 
other 6 m thick at a depth of 1J7R m below the surface. Early drilling 
did not recover cores within the salt zones, be('ause the primary ob
jective was petroleum exploration; however it has been recently re
ported that both sylvite and carnallite have been recovered in cores. 

The coastal sedimentary-basin belt extends through tlw States of 
Sergipe and Alagoas and into Pernambuco and beyond. In relation to 
its length, the belt is nan·ow, from 11 to 20 km in width, and it prob
ably is a graben structure. The basement rock below this nanow deep 
trough is the Precambrian crystalline shield, which outcrops as lmv 
hills to the \H'st and parallel to the coast. The east side of the trough 
is bounded by an un<lerwater escarpment ·which is 10-20 km i'rom the 
shore and may represent the east side of a graben. 

Depths of the sedimentary rocks in the basin reac·h as nmch as 
G,OOO m in some places. Faults are common, and in the Sergipe-Ala
goas area they cut the basin in a complicated undetermined pattern. 
~'lost of the basin fill is Tertiary and Cretaceous in age, but locally 
there are Paleozoic and .Jurassic formations overlain by younger Ter
tiary unconsolidated terrestrial material. Jiarine beds outcrop in some 
places. 

The salt beds are fonnd in tlw l\liddle and r pper Cretaceous, l()(·ally 
called the l\furibeca Cretaceous in the Aracaju area, and the slightly 
older Jfaceio Cretaceous at ~faceio. 

The following is extractell from a report for the l~nited Nations by 
S. R. Harding, consulting geologist, .T. C. Sproule and A\ssocintes Ltd., 
196:3. ~\ stratigrai)hiC' summary from ch·ill hole . .:\racnju 1 (A lT-1-SE) 
shows the following: 

i 

Formation or age I Lithology i~)t~~;1~1 
I (meters) 

----·-~----~-~--1--------~~-·-·-----------~----~----~-:------
Cenozoic_~ ~~~ Onwel, sand, and claY~~ ------~-~- ~ ~~~- ·-- ~----~-- ~~~-~-~f 0- 63 
Cal urn bL _ \1 udstonr, calc.areous shale, siltstone, and sandstone~ ~ ~ _ ~ ~ ~ ~ _ ~ _ , G3- 85.'i 
Riachuelo , Calcareous shale, ar~illaceous limestone, and some dense micro- , 

I crystalline to sulJiit_hographic limestone: sparsely dolomitic, : 

I

, slightly sandy brds m lower parts _____ ~ ______ . _____ . ________ ~~ 

Ell~~'~[~;~t_~nh~:-:drite, ~an~ _s~_lt;_inter~_cd~ ~ofs~~~l~- an_~-~~~~ in ~ 
85~1131 

\luribeca~ 
1137-1422 

In general, the beds are ttat lying or dipping at relatiYely shallow 
angles, but drill hole AP-1-SE is believed to be ,-ery close to a fault 
zone. Faults are common in both the Aracaju and :l\Iaceio areas. 

In the general ~[aceio area, the first formations to be penetrated in a 
well or drill hole will depend to some extent on "·hether the well is 
spudded on the plateau or at a lower altitude. The following section 
would apply to a \Yell on the plateau. 
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Formation or age Lithology 

Barreiras_ ~ ___ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ __ Unconsolidated sands and clays ______________________ _ 
Older Tertiary__ __ ---------------- Clay anti calcareous sandstone ______________ ---- __ _ 
.\lagoas-Maceio (down to first salt)__ Interbedded sandstonr, conglomerate, and shale. 

1 

This formation comprises largely nonmarine beds 
hut near-marine beds occur in upper part of Alagoas 
Formation. 

Muccio Salt_ __ --------------------1 Salt with interbedded shale and sandstone ___________ 
1 

Depth 
interval 
(meters) 

Q- 50 
so- 120 

120- \135 

\135-1250± 

Additional drilling and geologica] work is necessary to evaluate this 
clepo!-iit. Cansnlt Ltd. (a Canadian c·onsttlting· firm) rec·onnnends the 
drilling of another well dose to Aracajn No. 1 to obtain a section of 
c·ore in the salt zone. ~lore detailed geological work in the areas 
c'o\·ered with recent sediments is necessary. Seismic methods will in
clicate faults, but not the salt beds unless they are at least 70 m thick. 
Some stratigraphie holes will be needed to eorrelate formations in 
different parts of the basins. 

POTASH FROM SEA WATER, FELDSPARS, AND OTHER SOURCES 

~\_ large salt company is studying the possibility of producing by
product potassium chloride from sea watl:'r in a solar salt operation. 
To date in other parts of the 'vorld, the only successful operations of 
this type start 'vith a concentrated brine. 

Companhia N acional de Fertilizantes Potassicos is conducting a 
feasibility study for the production of I($04 from a large feldspar 
deposit near Natal, Rio Grande doN orte. 

Although there are no other active prospects for potash in Brazil, 
the potential in an area of this size should not be discounted. All 
types of deposits described in the earlier part of the report could be 
present in BraziL The fact that the promising Sergipe deposits were 
(liscovered only recently shows something of the stage of exploration 
and suggests that wider and more intensiYe search may rm·eal many 
more prospects. 

SULFUR 

No sulfur is produced in BraziL Sulfur imports for 1D64 are gi,·en 
as 140,801 tons, valued at $2,973,216. 

Probably the best possibility for local manufacture of sulfuric acid 
is pyrite from high-sulfur coals. Samples of coal from Santa 
Catarina are 5 percent S; some others contain as mnch as 7 percent. 
Pyrite is accumulated at the coal-,vashing plant at Tuhariio, Santa. 
Catarina, and the amount will increase when a ne\Y thermoelectri•· 
plant is completed. Oil shales high in sulfur may also be possible 
material for acid manufacture. 

Gypsum and anhydrite deposits in the northeast are also potential 
sources of sulfur. In India, gypsum is used in the manufacture of 



CHILE 39 

( Nll1) 2 SO.J.. HmYever, gypsum as n, source material for aeid manu
facture involves a high-cost extraction process. 

CHILE 

PHOSPHATES 

In Chile, phosphate is found in marine sedimentary beds, igneous 
apatite, and guano. Production of phosphatic guano in 1964: was 
15,051 metric tons aYeraging 23.1 percent P 20 3 • !Iowever, this source 
of phosphate is rapidly being depleted. Apatite deposits in Coquimbo 
and Atacama Provinces are mined on a small scale; production is esti
mated to have been 13,000 tons for 1964. It is planned to increase pro
duction from this source. Jfarine phoshorite beds of Cretaceous age 
at Tongoy in Coquimbo Prm·ince ha ye not been mined but are being 
investigated (September 1965) to determine their potential. 

The Chilean Gm·ernment recognizes the importance of phosphate 
fertilizers and sent $f> million for importation of triple phosphate in 
1!)6"1. mostly from the lTnitecl States. I~"armers buy this at a subsidized 
price of 25-50 percent of the cost. 

IGNEOUS APATITE DEPOSITS 

~\_ belt of grandodiorite along the coast range and longitudinal val
ley in Coqnimbo and .-\tacama Provinces coutains :tbout 20 known 
(leposits of apatite which are associated with local intrusives or dikes. 
The deposits are in the area hounded by lat 28°40' S. and I at 
:1oooo' S. 

Los Choros, on the railroad about 80 km north of La Serena, is the 
shipping center for the area. About 20 lens-shaped apatite deposits 
are associated with amphibole and magnetite. Composite samples 
assayed as follows: 26.3 percent P 20 5 , 86.5 percent CaO, :n.1 percent 
Fe2 (};, 1.7 per('ent ~\1:!0:1 , and ±.S percent Cl. Reserves are estimated 
to be 420,000 tons. Similar deposits are found to the north near 
Vallenar. 

In Atacama Province-, intrusives containing apatite have been 
worked at Los Barros and Domeyko. ReserYes at Domeyko are esti
mated by the British Sulfur Corporation to be ;)4:0,000 tons of material. 
The ore ('Ontains from :!~.L~) to :.1~ percent P :!(}-.. 

GUANO 

('hi lean guano L'Hll be classified into two types: white fresh bird 
droppings and red fossil guano. Red guano is formed by solution of 
the surface guano hy per<'olating water, follmYecl by redeposition in 
and partial replacement of the underlying bedrock. Sociedacl Chilena 
t.le Fert1liznnt-es gi,·e the lDG-! production for both types as follmvs: 
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R0d _ _ _ _ _ _ _ __ 
\YhitP ____ _ 

Tons 

11, 464 
3, 5R7 

P20o 

34. 0 
1.5. 0 

Percent 

K 

0. 3 
2. () 

0. 7 
12. () 

'I'he local product is mixed with imported guano from Peru (2,02-4-
tons. HW-l-), impot'ted triple phosphate ( 17 ,a+H metric tons, 1064), aiHl 
some potash salts to make a combined product for the local market. 
There are no fertilizer exports. 

The white guano is an ammn 1 crop dependent on sea-bird droppings 
on the islands off the coast of .\ntofagasta and ~\riea, between ~{ejil
lones and Arica, of Tarapaca Province. 

MARINE PHOSPHATE ROCK 

To date there is no production from marine rock deposits, but some 
g·eologica1ly fa \·m·able en\·ironments are worthy of investigation. Tlw 
Tertiary formations along the coast and the .Jurassic and Cretaceous 
rocks near Copiapo and Concepcion are possible fa\·orable areas. 

Xear Tongoy in Coquimbo PrO\·ince, 40 miles south of La Serena 
Oil the Coastal I-Iighway (lat a0°21' s., long 71°;3;)' "~.),the F.N. 
~pecial Fund has been conducting geochemical and radioactivity sur
veys on n marine phosphorite deposit. Inferred resen·es are 5-6 mil
l ion tons of material assaying 5-18 percent trica lcium phosphate. 

The phosphorite occurs in a marine basin 10 km long and 3 km wide. 
Pleistocene fluviomarine sedimentary rocks fill the trough to a depth 
of 700 m. The principal phosphate bed is about flO em thick and lies 
ahm·e a shell formation. ...\ 10-cm bed occurs at. a shallower depth 
than the main bed, which is eoverecl by R;) m of overburden. 

There may be other places along the coast of Chile 'vhere marine 
sedimentary rocks oeeupy troughs or depressions. In particular, such 
roeks of the La Xegra Formation may be wmth prospecting-. 

Phosphate is also known to occur on tlw sea bottom off the eoast of 
northern Chile, but its potential has not been explored. 

SULFUR 

Chile produced ;)9,552 metric tons of refined sulfur in 1!)6± and 
imported 5,887 tons. Of the 50,552 tons, +1,1-l-H tons were produeed 
from ,·oleanie-type deposits, and most of the remainder came from 
smelter g·ase.s. Braden Copper aeconnte.<l for H,2+1 tons, and Chil(' 
Exploration, G,-±:32 tons. The remainder~ abont 2,700 tons, was mined 
from Yoleanic sulfur deposits or pyrite. 

SMELTER GASES AND SULFIDE 

The potential is large for side-product sulfurie aeicl from copper 
!"lllelters. ~Inch of it is now wasted in the air, but additional sulfurie 
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aeicl plant ea pacity is planned where a market. can he developed. 
)fuch of the anticipated demand for sulfuric acid is for the mann
facture of fertilizers such ns superphosphate. 

Corporacion de Fomento de la Produf'cion ( CORFO) estimates 
there are about !)(1,000 tons of snlfur in the ntrious smelter ftne gases 
each year. The breakdown is as follows: 

.-liii/IHII m.Lpacity 
of 8Uljur 

(Rhort tons) 

< 'hnqukamata ___________________ -------------------- __ _____ _ _______ 27, 000 
Potrerillos _________________________________________________________ 24,000 
Paipote ___________________________________________________________ _ 
Chagrez __________________________________________________________ _ 
Ventanas _________________________________________________________ _ 
<~alcetons _________________________________________________________ _ 

G,600 
3,600 
6,700 

23,000 

Total ________________________________________________________ 89,900 

Because these are side-product gases the cost of recovery 'vould 
mostly be the capital C'osts for sulfuric acid plant equipment at the 
smelters. Braden (Kennecott Copper) can easily clonhle capacity 
when a market for the acid is cle\·eloped. 

Pyrite ( FeS~) is another large source of sulfur for acid. It is now 
separated in the flotation machines and then thrown away with the 
waste tailings. Pyrite and smelter gases offer the most rapid and 
eeonomi(.'al material to satisfy any immediate large demands for snl
furif' acid. 

VOLCANIC-TYPE SULFUR DEPOSITS 

Sulfur deposits occur in the volcanic rocks along the border of 
~\rgentina and Bolivia in a sulfur-bearing zone which extends about 
fiOO miles from Ollague, north to the Penn·ian border. Some are found 
:lt altitudes of 18,000 feet or more and most lie above 10,000 feet. The 
richest areas are at Tacora and Ollague. 

The sulfur occurs in Recent volcanic rocks, mainly impregnating 
beds of ash or tuff. l\fany of these are on the slopes of volcanoes 
where the layers containing- 50 percent S or more may be 1 to several 
feet thick. .Material contaiuing less than 50 percent S is not con
sidered ore. 

Of the 104 known sulfur deposits of volcanic type, 41 nre said to 
contain reserves of ± 1 million tons of ore that is 51 percent S. ·How
ever, all these are at very high altitudes-therefore difficult of access
so the cost of mining, refining, and transportation make many of 
them of questionable value. 

The largest. producer is Socieclacl Azufrera ..:\.ucanquilcha, which had 
an output of 33,354 metric tons of sulfur in 1964 from ore assaying 
58 percent S. ~fining is by open pit. The ore (sulfur caliche) is 
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heated in nine stationary autoclaves at a, rate of 2,000-2,500 kilos a 
batch. The company hopes to increase production to 45,000 tons in 
1965. Most of the product is sold for manufacture of acid. 

The second largest sulfur producer is Sociedad Azufrera Borlando 
y Cia. In 1964 it. treated 19,978 metrie tons of ore by autoclaves to 
produce 5,760 tons of refined sulfur. Some high-grade ore (~,600 
tons) was sold directly for fertilizer. 

Other smaller mines are operated, but only three approached an 
output. of 1,000 tons per year. The Government attempts to assist 
sulfur miners by protected high prices and grants. 

POTASH 

Potash salts are produced in northern Chile from the Salar de 
Pintado~ and the Taltal region. G. E. Ericksen (written comm1m., 
19f-m) reported that these deposits of caliche were worked for potas
sium-bearing salt during 1962. The salt crust. is processed by Shanks 
and Gng:genheim plants to make potassic salitre. Salar de Bellavista 
has been worked for potassium 8alts, and a number of other solar 
evaporation processes at Maria Elena allow recovery of potassium. 
Output of potassium nitrate salts in Chile in 196~ was 1,1~5,881 tons, 
of which 14~,97~ tons was potassium nitrate. About 75 percent was 
in granular form obtained by the Guggenheim method. Production 
<'ontinued at the same rat<' during- the {lrst half of 1964. 

Exploration for additional potash reserves could include drilling 
for brines such as those found in the Sechura Desert. in Peru. The 
snlar areas in Tarapaca and Antofagasta Provinces and the closed 
basins of the Andean region are possibilities for the occurrence of 
potash brines. 

~\nother potassium-bearing: material mined in Chile is fresh white 
guano. Sociedad Chilena de Fertilizantes, Ltd., reports that their 
mined product contains ~.29 percent 1{:!0. There is little opportunity 
for finding: increased reserves of this material. 

COLOMBIA 

Colombia's production of fertilizer minerals Is very small when 
llll'asured against imports and needs. Imports 111 HJfla were f>4,000 
tons of phosphate and :15,2R4 tons of potash. Phosphate slag con
taining IH }>Pr<·ent 1\(}-, is produced at the rate of ahout 2R,OOO tons a 
yl'ar. ~\nnual production of -1-0,000 tons of nitrogen compounds, in 
the form of acid, ammon imn nitrate, and urea, eomes from the Paz 
dPl Hio ~tel'l Plant at BPlen<'ito, Department of Boyaea. Xitrog
t•nous <'ompottlHls are ah;o ohtainerl ns side prorluets of petroleum and 
!.!":IS. Industria Colmnhiana <le FPrtilizante~ at Bnrrnneabermeja, 
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Department of Santander, produces 1:'5,000 tons of nitrog:enous and 
mixed fertilizers annually. Ahonos Colombianos, near Cartagena. 
has a ('apacity of 650 tons of nitrog·enous fertilizers per day from the 
nearby Intercol Petroleum Co. works. L\_ large potential source of 
nitrogenous material exists in a newly discovered oil field at Putu
mayo in southwest Colombia. 

Transportation in Colombia is difficult and costly owing to the three 
high north-south ranges that traverse the length of the country. Lmv
eost bulk material, su<"h as fert.ilizer, that originates on the coast, he
comes very costly in the intt»rior. 

SULFUR 

In 19()4, sulfur production was 12,1~4 tons, all from Compafiia 
Industrias Purace, operating· on the slope of the Purace volcano. This 
is an active volcanic c·one in southwest Colombia, not far from the 
<'ity of Popayan, Department of Cauca. Access is by steep mountain 
road from Popayan. 

The ore consists of imprPgnated andesite tntf beds and fracture 
fi11ings in Recent porous volcanic. rocks. The average grade is 30 
percent S; reserves, Pstimated in 1963 after diamond drilling in four 
mineralized zones, are said to be fi million tons. 

Ten autoelaves had been installed by 1963, and an increase in pro
duetion to 18,000 tons annually is planned. 

Snlfnr is protected by a very high import duty, and only a small 
amount is imported. 

PHOSPHATES 

HIGH-PHOSPHORUS SLAG 

.\_t present (1965) the most important phosphatic material pro
duced in Colombia is the high-phosphate slag at the Paz del Rio steel 
plant. Its favorable location at Beleneito, north of Bogota and near 
the altiplano farming· distriet, makes it a very economical source of 
phosphate for this area. 

SEDIMENTARY PHOSPHORITES 

Phosphate deposits or prospects are mentioned in the literature, but 
none have been worked. Enrique R. Huba.ch (1958) mentioned a 
few showings in Boyaca Department. Two deposits are on the Pisba 
Plateau between the Chieamocha. and Panto Rivers in Municipio of 
Socota. One is at Motuba, 1 km southeast of El Cardon on the 
Socha-San SaJvador highway. The other is at El Tablon, 11/2 km 
south of kilometer 23 on the same highway. 

A\_t. Motuba the upper parts of beds of dark-gray limestone 2-:3 m 
thick contain phosphatic.. material. A sample from the upper part 
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of a bed analyzed 9.0 percent P 20 5 , and the underlying limestone was 
0.40 percent. 

At El Tablon four phosphate layers are as follows: 

Shell bed __________________________________________ _ 
Sand and phosphatic nodules _________________________ _ 
Fossiliferous limestone (contains wavellite) __________ - __ -
Fossiliferous limestone ____________________________ ---

Thickness 
(meters) 

0. R 
0. R 
0. 5 
1.2 

P20s 
(percent) 

1. 08 
11. 35 
12. 69 

0. 78 

Near Santa Elena, at the junction of the Chicamocha and Susacon 
Rivers, a phosphatic chalk 20 em thick lies between layers of shales 
and limestones. Analysis of the chalk shows Hl.25 percent P20:;. 
The limestones and shal~ contain 0.28-2.39 pereent P :.!0.,. 

In the Barco concession at the junction of the Catatmnbo and Orn 
Rivers, Santander Department, the Colombian Petroleum Co. explored 
Cretaceous shales that contain abundant fos..sil fish; the samples con
tain 0.55-1.35 percent P:.!Or;. This occurrence is a possible indication 
of more phosphatic facies elsewhere in rocks of the same age. 

In the Guajira peninsula, in northeast Colombia, arenaceous shales 
near Puerto Lopez contain 0.11-0.55 percent P:!O:;. Again, this oc
currence is of interest only in drawing attention to rocks that might 
have more phosphatic counterparts elsewhere. 

PHOSPHATIZED ROCK 

On Malpelo Island, a small volcanic island 250 miles west of Buena
ventura (lat 3°59' N., long 81 °35' ,V.), vesicular basalts at. the top of 
lava flows have been phosphatized by leaching of a g·uano ('0\·er. Tlw 
phosphatic layer on the average is 0.90 m thick nn<l in plaees is 1.48 m 
thick. Reserves of 452,000 tons are incli<'atecl. Composition is as 
follows: 30 percent P 20", 22.9 percent Fe:!Oa, and 7.9 percent Al20:1· 
This deposit has never been exploited, and steep cliffs, lark of waler, 
and heavy ground swells \Yould make mining difficult. 

CURRENT PHOSPHATE RECONNAISSANCE 

l~arl 1\f. Irving (written rommun., Sept. ~+, l!)(ifi) reports that re
connaissance underway by the Ministerio de l\finas y Pt>trMeos and the 
U.S. Geological Survey has shown the presence of phosphatie black 
shales underlying thin-bedded clwrts, west of the small town of Villeta 
(80 km northwest of Bogota). The beds are of Cretaceous age. Sonw 
possibly minable layers contain 25-:30 percent P :.!0.-.. 

Irving also notes that recmmaissance south of tlw Fmmgasuga
}felgar road revealed two beds 1--2 m thick containing 1r) alHl 2!) per
rent P:!O,,~ west of Pache, Cundin:uuorrn, are two bPtb 1-~ m thick 
containing 10 and 15 percent P:!O... Cretaceous phosphatic sediment
ary rocks also exist in the Barrnncabermeja area -tOO kn1 to tlw north, 
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in the Sogamoso area :20 km farther to the nmthpa;;;t~ and in tlw Luna 
formation near Cucuta along the Venezueb border. 

POTASH 

The Zipaquira-Nemocon-Sesquile salt deposits of the Bogota region, 
also Cretaceous in age, might have potash associated with them and 
should be investigated for this possibility. 

ECUADOR 

Ecuador imports all fertilizer materials, including manufadured 
fertilizers and raw-material ingredients for a local mixing plant at 
Guayaquil. Officials of this plant say that the mixing-plant enterprise 
is not very profitable owing to costs of phosphate rock imported from 
Florida, potash from New Mexico, and sulfur from ~fexico. Volcanic 
sulfur deposits in the high Andes have been worked during periods of 
world shortages when sulfur prices were very high, but no other fertil
izer minerals have been produced in Ecuador. 

The geology of Ecuador is poorly known, except in a very few local 
areas where mining and petroleum companies haYe had concessions, 
but its broad aspects are outlined here as a basis for indicating terrains 
that may be favorable for the occurrence of fertilizer minerals. 

GEOLOGY AND FUTURE' PROSPECTS 

The coastal belt of Ecuador is somewhat similar to that of Peru and 
should be the first target in the search for possible phosphate and potash 
deposits. Much of the ~\nclean Cordillera is covered with lnte Tertiary 
and Hecent volcanics which are a possible som'Ce of sulf11r. The 
Oriente is remote jungle-covered eountry and is practically unknown 
exeept for a small area where Shell Oil Co. did some explora1 ion work. 

The Coastal Province in Ecuador is hounded by h\·o major faults: 
one is along the base of the Cordillera Occidental to the east, and the 
other is an offshore fault 011 the shelf which has been traced front Pent 
as far north as Cabo San ~fa teo. The age and thickness of t Itt> rocks 
in the province are summarized in table 2. 

The oldest rocks, Paleozoic, crop out in only two places a long the 
coast, one in Punta Piedra 25 km south of Guayaquil and the other at 
Cerros de Masvale just east of Punta Piedra. 

A wide band of .Jurassic and Lower Cretaceous rocks ext ends 80 km 
northwest from a position Hi km north of Guayaquil. They include 
igneous rocks such as pillow lavas, andesite, pyroclastics, and con
glomerates and small amounts of shale and sandstone. Granodiorite 
11Pal' Pascuales is said to be intrusive. 

Tlw st>quence of seclintentary rocks of Late Cretaceous to (~uater
nary age ean be traced on a generalized geological map by rPference 
to the work of .T. G. Marks (in Lewis and others, 1956) and the work 
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of geologists for International Ecuadorean Petroleum Co. and Stand
ard Oil Co. of New Jersey. Chert, limestone, and sandstone occur in 
complicated faulted relationship, but the paleogeography cannot be 
determined without. more detailed studies on both surface and sub
surface geology. 

TABLE 2.-Stratigraphic column for the Coastal Province of Ecuador 

{From Lewis, Tschopp, and Marks (1956, p. 278)] 

Age and stratigraphic position Rock units Thickness 
(meters) 

----------,---------- ---------------- -·- ------

Quaternary 

Tertiary 

Upper Cretaceous and 
Lower Eocene 

Recent Andean piedmont, fluvial, and mangrove 
deposits ____ ··--- ________________________ _ 

Pleistocene Tablazos, alluvial fans. ________ -----------

Pliocene Pluna formation, Jama formation, Canoa formation ______________________________ _ 80 
------------- ----------------------'----- ----

Upper Miocene Borbon formation (part), Punta Gorda 
formation, strata on Puna Island _______ _ 

Middle Miocene Borbon formation (part), Bahfa formation, 
Daule formation, Progreso formation ___ _ 3,000 

---------- ------~-----------·--- -----
Lower Miocene 

600 
Angostura formation (part), Onzole shale, 

Charapot6 shale, Subibaja formation ___ _ 
----------- ------------------------ -------

Upper Oligocene 

Middle Oligocene 

Angostura formation (part), San Agustfn 
sandstone, Viche shale, Tosagua shale, 
Lacruz formation, Rodeo formation 
(part).----------------------------------

Chumunde ash beds, Zapotal sandstone, 
Rodeo formation (part) ________________ _ 

650 

----------------------------1--------

Lower Oligocene 

Upper Eocene 

Playa Rica formation, San Mateo forma
tion (part), Ancon Point formation 

Zapallo Shale, San Mateo formation 
(part), Jusa shale, Salanguillo sandstone, 
Seca shale, "Zapotal" formation (sub-
surface}, red-beds of El Morro ... _______ _ 

170 

'275 
----·--------------1----------------·--------- -------

Middle Eocene 

Paleocene 

San Eduardo limestone, Middle grits, 
Clay Pebble bed, Ja.vita limestone, So-
corro formation ... ____ . ________ .-- .... ---_ 

Estancia sandstone, San Jose sandstone, 
San Jose shale, Atlanta formation ______ _ 

500 

1,300 
----------------·--·--------- ------

Upper Cretaceous Callo formation, Guayaquil chert. _______ _ 3,000 

Cretaceous igneous Pascuales granodiorite _______________________________ _ 
--------------------------- -----------------------

Cretaceous or Jurassic? Pinon Volcanics __________________________ _ I, 000 

Paleozoic Punta Piedra rocks __________________________________ _ 
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The Andean Cordillera, which forms the backbone of the country, is 
marked by two spectacular rows of volcanic peaks separated by a long 
trough or central valley 20-40 km in width. Mapping by G. E. Lewis 
(in Lewis and others, 19M>) shows that the valley is a large graben, 
the volcanoes ~tlinecl along the two large fault zones indicating zones of 
eompression and uplift. Gravity work indicates that the Cordillera is 
very active; this is confirmed by a history of many destructive 
earthquakes. 

Some basins of the trough area are filled with volcanic rocks, but 
other basins contain sedimentary material contributed from the high
lands. The Cuenca and Loja Basins contain sedimentary rocks be
lieved to be Miocene in age and some beds of lignite. This belt is not 
considered to be of interest for phosphate or potash. Sulfur deposits of 
volcanic. origin have been known and worked for many years by hand
mining methods. In Chimborazo Province near Tixan there was an at
tempt by an American company to work ore of this type, using flota
tion to recover the sulfur. Dr. Putzer, geologist (written commun., 
1958), reported the ore, which contains 25 percent S, is workable by 
open-pit methods of mining, but by that time the mines had been 
abandoned owing to the low cost of imported sulfur. Reserves are 
unknown. 

Other sulfur deposits were reported at Cerra Chiles, El Angel, 
Virginia, and Rosario by W. C. Stoll (written commun., 1960). 

High-sulfur coals at Biblian are found in the Azoques-Biblian basin 
in Canar Province. The sulfur is not recoverable by ore-dressing 
methods because it is in a fine-grained amorphous form. 

PERU 

Peru is perhaps the most favorably situated country in South 
America in its known and potential resources of fertilizer minerals. 
A substantial tonnage of guano is harvested annually from islands 
along the coast, and within the last decade large phosphate deposits 
and potash brines have been discovered in the Sechura Desert, and 
phosphate has also been found in the Andes. Sulfur from smelter 
gas, volcanic-type deposits, and perhaps salt domes east of the Andes 
also has a high potential. 

PHOSPHATES 

SECHURA DESERT PHOSPHORITE 

The Sechura Desert phosphate deposits are the largest known in 
South America. They are about 800 km ( 496 miles) north of Lima 
(lat 5°50'15" S., long 81 °02'15" W.) and are favorably situated for 
ocean transportation near the_port of Paita. Air service is available 
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at Piura, a city of 80,000 people, on the Pan American Highway. 
·unimproved roads in the Sechura Desert can be traversed by 4-wheel
clrive vehicles. The Minerales Industriales del Peru has concessions 
which cover 1,850,000 acres in the 'vestern part of the desert and has 
a base camp at Bayovar 90 miles from Piura. 

The Sechura Desert is a large coastal basin, 160 miles long and 
about 50 miles wide, filled with unconsolidated marine sediments. 
The Tertiary sedimentary rocks filling the basin range in age from 
Eocene through Pliocene and arc covered with Recent alluvium. The 
phosphorites are in the upper 600-700 feet of l\iiocenc sedimentary 
rocks which are covered in some places by 120 feet of Pliocene deposits. 
Most of the beds are laterally continuous, and unconformities or faults 
are few. Oil exploration indicated that the maximum sedimentary 
section was 8,000 feet thick. This "·hole section is younger than the 
western shelf basin of northwestern Peru. The Sechura basin is 
bounded on the cast by the main Andean uplift and on the west by 
the Paita, Illescas, and Lobo Island uplifts which are made up of 
complex Paleozoic formations. 

The phosphate occurs as pellets, interbedded and intermixed with 
diatomite. The phosphorite beds are 3-5 feet thick and contain about 
20 percent P205. Diatomite beds are 10-20 feet thick and contain 
3.5-7.0 percent P205. Three ore zones in ascending order are as 
follows: Zone 1 is 126 feet thick and 7.6 percent P 20;;, zone 2 is 21 feet 
thick and 7.6 percent P 20 5 , and zone 3 is 86 feet thick and 5.2 percent 
P205. These formations are uniform over large areas, there being 
only minor folding and faulting. 

The phosphates are marine-deposited pellets of carbonate-fluorapa
tite with impurities of diatoms, volcanic glass, soluble sodium and 
potassium salts, quartz, feldspar, gypsum, and mica. (See tables 3, 4.) 
The pellets are mostly subelliptical, but some are rod shaped; they 
have a hard smooth shiny surface, have an average specific gravity of 
2.9, and average less than 1 millimeter in diameter. 

The Sechura phosphate deposits are now (1965) being developed 
by Minera Bayovar S . ..:\.through an operating contract ,vith J\Iidespa 
Industries, Ltd., of Montreal, Canada. lTndcr the terms of a recent 
contract with the Peruvian Gon'rnnwnt, an annual production of 1 
million tons of phosphate concentrate (!H percent P 20 5 ) is to be 
developed within 5 years. This concentrate will hr obtained from 
o-7 million tons of mined ore. 

A wheel excavator is being assembled and will have a capacity of 
1,000 cubic yards per hour where layers of hard rock are not too 
numerous. Initial mining will he in the western part of the Sechura 
depression where overburden does not exceed :W m. Three of tlw 
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riclwst. heels and an intt·rlayerecl phosphorite and diatomite will be 
mined to prodm·t· an a n·rag<' on• head of 10 percent P :2(}:,. .Moving 
sand dunes, high o\·Prlmnlen in some plac<'s, and shortage of fresh 
water presPnt probh•ms to bP ovPrcome. ~\_ bulk direct-loading unit 
is planned for construction at Bayonn· near the deposits. 

TABLE; 3.---Comparison of analyses (in percent) nf typical washed pellets frnm 
Sechura, Peru 

[From l\iidespa Industries Ltd.] 

Minerva Diana ore Diana ore Lower part 
Bed 1 ore zone zone zone of Diana 

(area 1) (area 2) ore zone 

P20:. ____ _ 
K20 _______ _ 
CaO __ _ 
Si02.- ___ _ 
S03 ______ _ 
AI!OJ ____ _ 
Fe203 _______ _ 
~' --- ---------
C(h ______ _ 
N:120 _____________ _ 
MgO ________________________________ _ 
CL _______________________________________ _ 
Insoluble siliceous matter _________________ _ 
Loss on ignition_____ _ ____________ _ 
CaO/P20s--------
S03/P20s.----------------
C02/P20s----- ------------
F/P20s------
Na20/P20s __ _ 
C02/F ________ _ 

31.82 
.10 

47.80 
2. 55 
4. 02 

. 85 

.63 
2.11 
3. 25 
1. 74 
. 76 
. 02 

1. 83 
4.15 
1. 50 
. 126 
.102 
. 0663 
. 0547 

1. 54 

27.07 
------------

41.64 
14. ()() 
2. 78 
1.10 
. 51 

1. 87 
3. 38 
1.00 
. 96 
. 02 

------------
------------

1. 538 
. 103 
.125 
. 0691 
. 0369 

1. 81 

26.47 28.30 25.50 
------------ -------------

41.57 43.51 40.53 
14.20 8. 88 16. 80 
3. 06 3. 20 2. 36 

. 93 .93 1. 01 

. 51 . 77 . 61 
1. 78 1. 78 1. 78 
4.39 4. 48 4.39 
1. 17 1. 39 1. 09 
1.06 1. 21 1.06 

. 02 
i 

. 02 .02 
--

I 
8. 72 ----------

------------1 3. 04 ------------
1. 570 1. 537 1. 59 
. 0839 .1131 . 0925 
. 166 . 158 .172 
. 0672 . 0628 . 0698 
. 0442 . 0491 . 0427 

2. 47 2. 52 2. 47 

Core drilling started in 1959 on a 1,000-m grid in the Sechura 
depression, and Ly late 1\J61 about 15,000 feet of core and stn·fact' 
trenching had developed a large reserve in five areas (table 5). 

The drill cores contain from 1.5 to :2:3 percent P :20::.. The lower ore• 
zone, partly penetrated in Bayovar and in the depression, lies at a 
depth of 1:2-l: feet and is reported to average 7.G percent P 20:-;. A 
generalized section of a ch·ill hole (the highest grade section drilled as 
of 1\fay 1\Jnl) is gin'n in table G. 

LA OROYA PHOSPHORITE 

Reconnaissanee "·ork along a belt of Lower Cretaceous and .Jurassic 
marine sedimentary rocks suggests that they extend for about 150 
km from Huancayo to La Oroya. La Oroya is about 130 km east of 
Lima. Only 45 km of this belt has been mapped. 

Phosphorites are found in beds several feet thick and assaying about 
10 percent P ~0.,, associated with black shale, cherty limestone, and 
chert. Formations of these ages flank the Andes on both the west 
and east sides. 

SUBMARINE PHOSPHATES 

Phosphate nodules lut \·e been dredged from the sea bottom at many 
places off the coast of Peru, but as with most other submarine deposits, 
their extent and potential value have not been explored. 



TABLE 4.-Comparison of the compost'tion (percent) of Sechura phosphate with that of north Africa and the United Stales 

[From Midespa Industries Ltd.] 

Morocco Algeria 
Phosphoria 

Kourigha j (Western I Florida 
Boujmibe United 

Sechura I Southwest I Metleoui 
Bed 1 Tunisia Gafsa 

Rebiba 

States) 
----------------------I-----/----I----1-----I-----I-----J----I----

31.82 29.81 
.10 1------------

47.80 
2. 55 
4. 02 
.85 
.63 

2.11 
3. 25 
1. 74 

49.40 
1. 70 
2. 91 
.32 

1. 28 
2. 96 
5.40 

. 76 . 50 

. 02 ------------

~~~b~~aile~~~O~-ater-ial ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~I _____ ~~~~ ________ ~~ ~~ __ _ 
CaO/P20s--------------- _________________________ ------------ 1. 50 I. 66 
S03/P205------ ------------------------------------------------ .126 . 098 
C02/P20s- __ ------- _________________________ -- _______ --------- .102 . 181 
F/P20s---------- ______________________________ ---------------- . 0663 . 0993 
Na20/P20s------- ___________________ -- ______ - _ ·--- __ ---------- . 0547 
C02/F ___ ------------------------------- ____ ------ __ ---------- 1. 54 I. 82 
Citrate solubility (Technique, Wagner)_______________________ 14.06 

30.20 30.57 
. 08 .13 

49.52 50.80 
3. 06 . 20 
2. 70 ------.-40 ___ 
.97 
.35 .80 

2. 73 3.42 
5. 72 7. 92 
1. 35 1.48 
. 53 . 72 
.03 -----a:4o ___ 

------------
3. 71 ------------
1. 64 1. 66 
. 089 ------:259--.189 
. 0904 .112 
. 0447 .0484 

2.10 2.32 
10.5 ------------

34.26 30.90 
.09 .37 

52.60 48.00 
2.47 4. 50 
1. 67 1. 49 
.40 . 70 
.37 1. 24 

3. 70 2. 56 
3.15 4. 02 
. 70 1.00 
. 28 1. 44 
. 02 

-----2.-79 ___ 3. 50 

1. 54 1. 55 
. 049 . 036 
. 0919 .130 
.108 . 083 
. 0204 . 0324 
. 851 1. 57 

6.6 

35.11 
. 16 

53.00 
.86 

1. 40 
.45 
.12 

4.24 
4.12 
1. 19 
.16 

29.5 
.6 

43.9 
10.0 

2. 9 
1.5 
1.0 
3.1 
3.0 
1.0 
.5 

8.3 
4.4 
1.49 
. 098 
.102 
.105 
. 0339 
.968 

3. 0 

33.39 
. 09 

48.79 
5. 83 
.93 

1.04 
1. 27 
3. 50 
2. 78 
.30 
.40 
. 05 

3. 02 
1.46 
. 0278 
. 0832 
.105 
. 0339 
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TABLE 5.-Summary of reserve estimates of phosphate 
rock, Sechura deposit, Pent (31 percent P20s) 

[From U.S. Bureau of Mines Mineral Trade Notes for 1962] 

Drilled ore 
(million 

.trea metric tons) 
Bavovar: 

· Area L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 56. 83 

Depression: 
Area 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 269. 22 
Area 3 ____________________________ 108.25 

Total ____________________________ 37~ 47 

Tablazo: 
Area 4 ____________________________ _ 63. 30 

Estuary: 
Area 5 ____________________________ _ 63. 32 

Grand totaL______________________ 590. 92 

TABLE 6.-Generalized section of the middle Afiocene Zapayal Formation (marine) 
in depression area 2, Sechura deposit, Peru 

Composition 

Diatomite with phosphorite _________________________ _ 
Phosphorite strata __________________________________ _ 
Sandstone ________________ --- ________________________ _ 
Diatomite with phosphorite _________________________ _ 
Phosphorite strata __________________________________ _ 
Diatomite with phosphorite _________________________ _ 
Phosphorite strata __________________________________ _ 
Diatomite with phosphorite _________________________ _ 
Phosphorite strata __________________________________ _ 
Diatomite, small amount of phosphorite _____________ _ 
Phosphorite strata _________________ -_____ ---- ______ -_ 
Diatomite _____________________ -- __ -- ____ -------------
Phosphorite strata _________________________ -- ______ --
Diatomite _____________________ - ___ ---- _---- ---------
Phosphorite strata _________________ - _____ - ________ --

GUANO 

Thickness 

Feet Inches 

P20s 
(percent) 

Bed 

------------ 8. 0 --------------
8 17.8 0 

_______ _____ ____________ Clam bore 65 
15 ------------ 6.1 --------------
4 1 23.4 1 

11 2 6. 3 -- - -- - - - - - - - - -
3 4 14.8 2 

10 3 5. 7 --------------
3 2 22.4 

10 3 3. 8 --------------
2 11 18. 1 4 

15 6 3. 5 --------------
0 7 17.9 --------------

15 9 4.1 --------------
14 4 11.9 --------------

W. C. Stoll (written eommun., 1960) stated that guano is an im
portant renewable source of fertilizer from 20 groups of islands and 
peninsulas, most being harvested from the Chincha group, La Vieja, 
Santa Rosa in the south near Pisco, and Guanape and Macabi in the 
north. The Peruvian Government now operates the guano deposits to 
protect the bird life and the anchovies on which they feed; the islands 
were almost depopulated of bird life during the latter part of the 19th 
century. Fishermen are now not allowed to operate in the vicinity of 
the islands. 

The bird population is cunent ly estimated at 1:2 million, and each 
bird eats 2V3 times its own weight in fish each day. It is said to require 
12 tons of fish to produce 1 ton of guano. In 1963 the harvest of 
guano was estimated to be 191,700 tons, valued at $5,727,000. It is 
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an excellent fertilizer because the contained nitrogen, potassium, and 
phosphorus are in a form readily available to plant life. Production 
is consumed in Peru and is not sufficient to meet the demand. 

POTASH 

SECHURA DESERT POTASH BRINES 

In the Sechura Desert, just northeast of the Sechura Desert phos
phate deposit., is an extensive flat shallow basin that has a maximum 
relief of 5 m above sea. leYel. This so-called brine reservoir is filled 
with permeable and porous Quaternary sediments saturated with 
brines. 

Underlying the porons sPdiments are impermeable Miocene sedi
ments of diatomite, clays, silts, and some sand. These l\1iocene sedi
ments fonn the impervious container for the porous younger fill 
material and underlie the entire reservoir at shallow depths to form a 
leak-proof bottom with a maximum depth of 100 feet below the surface. 

The brines are very close to the surface in the topographic lows 
where they are indicated by evaporite-crusted surfaces, pressure ridges, 
and hummocks caused by crystal gro·wth. Crusts and layers near the 
surface are composrcl of g-ypsum and halite. The net thickness of the 
brine-saturated porous sedinwntary layer that underlies the crust 
is said to aYrrage 7 m, measurerl from the surface of the brine to-the 
impetTious floor. Tlw deep parts of the reseryoir show 25 m of brines 
and contain the bulk of the brim' rrserves. 

In some places t]w <1overnnwnt is mining salt from thick layers of 
lw.lite. Flonth of Lago Hamon a large massi\·e salt heel is being worked. 
Salt minerals are halite, gypsum, and polyhalite (potassinm snlfate 
and some cnkium and magnesium sulfates). 

The source of the lwines is considered to be lateral seepage and flood 
waters from the Pinra and Cascajal Rivers into the reservoir area 
where capillary artion :tll{l solar evaporation enrich the brines as they 
percolate through the porous medium toward the estuary. Tests along 
the estuary sho'v that brines are continuously discharged into the 
11pper end of the estuary from the reservoir. In 1062 the estuary was 
dammed by a, causeway which "·ill enable 400 square kilometers of flood 
waters to be retained and reduced by solar e,·aporation in the estuary. 
The brines in the ]ower part of the rPSPIToir basin will be pumped from 
"·ells to a. reeoYery area where 20 km of evaporation basins are under 
construction. 

vVithin the brine reservoir basin there are three areas under <'011-

~icleration for brinP production. These are g:n·en by the ::\Iidespa 
Co. as: 
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Area 

I--Zapayal _______________ _ 
II--Ramon ___________________________________ _ 
III--Namuc ______ _ 

.'-!q /:m 

:-W6 
128 
17G 

53 

/JtfJ/It (/tfi I 

~2 

'27. ~ 
17. 1 

Potassium chloride, magnesium chloride, and the sulfate radical are 
reported as pereentages in the brines as follmvs: 

l'ercent 
.\rea Specific _____________ --,.----

gravity 
KCI l\1 gCI~ so. 

!_______________ _ ______ ___ _________ _____ 1.1480 0.41 ;~_3{) I 0.62 
IL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 204 7 1. 00 X. 62 1. 46 
IlL____ 1.1438 . 42 :~. 76 . 79 

Brine reserves are calculated in million short tons as: 

Area 

~_ _______________________________ ------- -------·-------
!1. _________________ -------------
IlL___________ _ _________________________ _ 

Total ___ _ 

Brine 

1, 700 
898 
754 

3, 352 

Potassium Magnesium 
chloride chloride 

fl. 96 
R. 98 
3. 16 

19.1 

57 
77 
28 

162 

Experimental 'vork is in progress on reco\·ery of the salts by solar 
evaporation. ~\.s evaporation progresses, sodium chloride and calcium 
sulfate are first precipitated. Potassium, magnesium, and some 
sodium chloride and bromine are retained in the enriched liquor until 
a gravity of 1.242 is reached. At this point the sodium and potassium 
contents are equal. The high ratio of magnesium chloride to potas
sium chloride then causes carnallite (a double salt of potassium and 
magnesium chloride) to precipitate. The balaw·e of t-lw magnesium 
~hloricle with some sodium ehloride and most of the snlfittes remains 
in the liquor with the bromine. 

The carnallite, which has a 1: 1 ratio of potassium chloride to 
magnesium chloride, can be redissoln'd, and the sodium chloride 
aiHl potassium chloride will precipitate as the mim'ral sylvite; the 
f'ylvite ean then be purified by flotation or can he \'al'num cooled and 
precipitated for a high-grade potassium ehloricle. 

Analysis of brines from many drill holes shows S.47 parts of mag
nesium chloride to 1 part of potassium chloride. If potassium 
chloride were produced, there would be a substantial side product. of 
magnesium salts. Bromine may also be a profitable side product. 
because each ton of liquid contains 4 pounds of bromine. 

A refinery could be built near the estuary where there is a nearby 
hay said to be adequate for building dock facilities for oeean-going 
vessels. 
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OTHER SALT DEPOSITS 

According to Dr. Victor Benevides, chief geologist of International 
Petroleum Co., salt. deposits occur in se,·eral areas of Peru that have 
not been tested for their possible potash salt. contents. ~\pproximate 
locations are : 

Latitude (S.) Dongitude (lV.) 

12°30' ----------------------------- 74°0' 
13°30' ----------------------------- 75°0' 
10°30' ----------------------------- 74°0' 
11 °30' ----------------------------- 74°30' 
6°0' ------------------------------- 75°0' 
7°0' ------------------------------- 76°0' 

There are also extensive caliche deposits on the coast of southern 
Peru which have not. been adequately tested for potash. 

SULFUR 

Smelter gas currently is vented off and lost from the two principal 
base-metal smelters in Peru. It is estimated that 150 tons of sulfur 
per day is lost in stack gas at Cerro de Pasco's refiinery at La Oroya 
and ~00 tons per day at Ilo refinery at Tutupaco. Banco ~finero, 
a Gm·ernment corporation, plans to build a new zinc smelter at Lima 
to refine concentrates that are now exported. Byproduct sulfur gas 
from this operation will be used to produce ;):),000-70,000 tons of 
sulfuric acid per year at an estimated cost of $4.50 per ton. There 
are plans to use smelter-gas sulfuric acid for manufacturing super
phosphate when Seehnra phosphate rock becomes available. 

Sulfur in volcanic roeks has been reported, but not developed, m 
several places in southern Peru, as follows: 

Latiturlc (S.) Lougitude (W.) 

Paucarani_____________ 17°30' 69°45' 
Cano __________________ 17°1'5' 70°05' 
Yacarnane _____________ 17°10' 70°10' 
Tutupaca ______________ 17°0:1' 

According to the director of the Instituto N acional de Investiga
ciones Fomento y Mineros, concentrations of sulfur have been found 
near porphyry copper deposits at Topuepala (lat 17°15' S., long 
70°37' ,V.), and others have been found near Cajam~u·ca (lat 7°0' S., 
long 78°25' ,V., and lat 6°40' S., long 7R 0 45' vV.). 

About 60 years ago a French mining company made an unsuccess
ful attempt to produce sulfur from sulfur-impregnated sandstones in 
northern Peru; these are on the coast near the Sechura Desert phos
phate. Estimated rese.tTes are 650,000 tons of sulfur. 

In the jungle lowlands along the east side of the .Andes are several 
salt domes (G. E. Ericksen, 1T.S. Geological Sun·ey, oral commun. 
1965) which may have associated deposits of sulfur or potash salts. 
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VENEZUELA 

Dr. Louis J. Medina, executive secretary of the Direccion de In
vestigaciones, Ministerio de Agricultura y Cria, stated (written 
commun., October 1965) that fertilizer use in Venezuela has increased 
from about 18,000 tons in 1958 to about 45,000 tons estimated for 
1965. Demand for fertilizers has increased steadily and will doubt
less accelerate in the future as the Government has announced a plan 
to distribute 1.6 million hectares (3.952 million acres) to 60,000 fami
lies. The Government through its agricultural extension agencies, 
the Shell Foundation, and private agencies have all devoted much 
effort to demonstrate to the farmers the value of chemical fertilizers. 
Shell Formation spent more than $900,000 (lT.S.) on farm assist
ance during the 1963-64 fiscal year. Chemical-fertilizer use is still 
far below that in countries using n1odern farming methods. However, 
Venezuela does have fairly large phosphate resources, and some sulfur 
is obtainable from petroleum. Workable potash deposits are as yet 
unknown. 

The Government-owned Venezuela Petrochemical Institute (IVP) 
has a large petrochemical complex at Moron and plans to fill domestic 
needs by 1966. To date there have been no restrictions on imports of 
fertilizers, but there ·will be no more import licenses issued after this 
year (1965). IVP officials say that estimated 1965 production ·will be 
as follows: 

Fertilizer Jletric ton8 
Superphosphate _________ ______ ______ ___ ____________ ________________ 4, 800 

Triple superphosphate______________________________________________ 19, 200 

Urea-------------------------------------------------------------- 12,000 
Ammonium sulfate_________________________________________________ 50, 000 

Ammonium Nitrate _______________________ -------------------------- 21, 000 

107,000 

The total for 1964 was 96,350 metric tons. Nitric acid, sulfuric acid, 
phosphoric acid, and ammonia are the basic chemicals produced. In 
1964: during the first four months 13,199 metric tons of ordinary super
phosphate 'Yere exported compared with a total of 23,878 tons for the 
year 1963. No mixed fertilizers are exported. 

Other fertilizer mixing plants produced at a combined rate of 375 
metric tons a year for a small specialty market. 

PHOSPHATES 

SeYeral phosphate deposits in Venezuela are mined for both the 
manufacture of superphosphates and direct application to the soil. 
Guano deposits on the islands near the coast have been '"orked for 



56 FEH'l'ILIZER-MINERAL SOURCES IN SOUTH AMERICA 

many years~ some of these are depleted. Most. production comes from 
bedded phosphate-rock deposits. 

RIECITO PHOSPHORITE 

Phosphate rock is mined from Miocene beds southwest of Riecito in 
Estado Falcon (lat. l0°Mr N., long. 68°45' ,V.). This material is 
used by IVP in the plant at l\foron to produce phosphate fertilizers. 
The deposit is only ± km from the Tocuyo RiYer, "·hich is navigable . 
• \. road paved most. of the 'vay to Moron connects the mine and the 
fertilizer plant. 

The phosphorite occurs in the middle :Miocene beds of the Riecito 
Formation which dip gently to the southeast. The phosphorite is 
yellow red to gray; it contains angular quartz fragments, composing 
l!l-25 percent of the whole rock, cemented by a collophane matrix. 
The whole rock is hard and compact. 

In 1962, reserves 'vere given as follows: Proved, 11,711,752 tons; 
probable, 2,658,480 tons. 

Analysis of the rock given by the company is 29.98 percent P205~ 

15 percent Si02, 2.59 percent Al20 3 and Fe203, 1.13 percent CaCOa, 
and 1.57 percent Ca.F 2· 

Mining is by open-pit methods at a rate governed by the demand at 
the acid plant at Moron, which will require increased mine output 
above the past production level of about 30,000 tons per year. Screen
ing gives a 32.8 percent P 20 5 product which is suitable for making 
superphosphates. 

LOBATERA PHOSPHORITE, TACHIRA STATE 

The Venezuelan Ministry of Mines discovered phosphates in 1960 in 
the La Luna Formation of Cretaceous age near Lobatera (lat. 79°55' 
N., long 72°15' ,V.), near the Pan American Highway at La. Molil.la. 
Experimental grinding in a cement mill has been undertaken to pro
duce sufficient ground phosphate to determine its value for direct soil 
application. Production is now 20 tons a day, and a plant with a ca
pacity of 100 tons a day is under construction. Total tonnage pro
duced to date is 2,800 tons. 

Nine beds of phosphatic breccia occur in the black Tachira Chert 
Member of the La Luna Formation. The chert member is about. 60 m 
thick and contains interbedded siliceous limestone in addition to the 
phosphate beds. The phosphate beds range from 5 em to 1.8 m in 
thickness; most are 5-25 em thick. The beds are part of an over
turned anticline and dip at very steep angles or are vertical. The 
Tachira Chert l\fember is found in fairly restricted areas in the central 
and southern parts of Estado Tachira. 
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The principal bed, where mined, averages 1.8 m in thickness over 
an area of a.5 hectares. Proved reserves are 264,000 tons, and prdb
able reserves are 500,000-1 million tons. The grade of the rock is 
reported as 21.85 percent P ~05 obtained from 23 samples taken along 
a tunnel. Other components are l.D6 percent F, 47.55 percent CaO, 
9.10 percent CO~, 0.86 percent ~\l~0:1, l.~n percent Fe~03 , and 10 per
cent Si02 • By hand sorting the grade of thP concentrate is raised to 
29 percent P:!05• The coneentrate is then ground to 200 mesh. 

Mining is by shrinkage stopes from a i174-m drift driven along the 
strike in the lower part of the thickest phosphate bed. 

OTHER CRETACE:OUS PHOSPHORI·TES 

In Quebrado Orevado and about 3 km northwest of the village of 
Santa Barbara in Est ado Barinas (lat. 7° !)-!' N., long. 71 °03' ,V.), 
layers in the Quevedo Formation contain phosphorite pellets and 
fragments of fish bones. 

In Quebrada Agua Fria, 36 km northeast of La Morita, Estado 
Tachira (lat. 7°40' N., long. 71 °40' ,V.), thin calcareous layers with 
phosphorite pellets and fish bones are intercalated in the La Morita 
Shale. 

Phosphorite is also reported in some places in a glauconitic sand
stone, the Tres Esquinas 1\Iember at the base of the Colon Formation 
that overlies the La Luna Formation in Jfaracaibo and Barinas Basins 
and the southeastern flank of the ~\ncles. This member becomes more 
sandy and more. phosphoritic. tmnlrcl the southeast, "·hereas the glauco
nite gradually deereases. In the Chajende area of Estado Trujillo 
(lat 0°35' N., long 70°20' ,V.), there is abundant phosphorite and little 
glauconite. The member is several meters thick, and its thickness is 
variable. It has no phosphorite in the section between La Grita and 
Pregonero in Estado Tach ira ( approx lat 8°05' N., long 71 °50' ,V.). 
In Estaclo 1\ferida (lat. 8°:)7' N., long 7P:W' "'"·), on the road from 
Ejido to La Azulita, a few kilometers north of the intersection with tlw 
road to .Jaji, the glauconitic member is black, strongly phosphatic, and 
sm·eral meters thick. ~\section ;).O-SO c-m thick contains 1()-18 percent 
P:!O~. 

SULFUR 

~\t. present, Venezuela is not producing snlfnr from n ny source. 
Some has been obtained in the past from copper sulfide ores mined at 
~\roa (lat l0°:2r/ K., long ()~o.~.r/ '\\T.) in Estado Yar:wny by lnstitnto 
Venezolano de Petroqnimica. Deposit:-; of pyrite and cha leo pyrite 
occur south of La Victoria in Esta<lo ~\ragnn ( npprox lat 10°0;)' K.~ 
long 67° l;)' \Y.), but are not IlO\\. lwing m inecl. 

~\t El Pilar (lat. 10o;~1r•' ~ ., long (i;)o 10' \Y.) in Est ado ~nere, sulfur 
is precipitated from thermal springs in an area of strong Tertiary 
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faulting. During 1966 the Direccion de Geologia 'viii attempt to deter
mine if sulfur deposits of any value are present in the area. 

A sulfur deposit at El Azufre in Departamento Ayacucho of Estado 
Tachira is reported to be of small potential and without economic 
importance. 

In eastern Venezuela, high-sulfur crude oils occur in the Quiriquire 
(lat 10°00' N., long 63°10' W.) and Pedernales (lat 10°00' N., long 
62° 15' W.) oil fields at Estado Mona gas and Territorio Delta Amacuro 
respectively. Oil produced from these fields is shipped to Trinidad 
where refineries are equipped to process the high-sulfur-content oils 
of that island. Elsewhere in Venezuela, oil and natural gas have low 
sulfur contents, and sulfur is not removed. 

POTASH 

No deposits of potash have been reported in Venezuela, and no 
deposits of bedded evaporites have been reported from petroleum ex
ploration. Common salt is obtained from evaporation of sea water in 
various places along the coast. 

SUMMARY AND OUTLOOK 

In spite of the present limited production of fertilizer minerals in 
South America, the continent as a whole has potential resources ade
quate not only to meet most of its current consumption-which is far 
below its need-but to support a much expanded use of mineral 
fertilizers. 

PRESENT CONSUMPTION 

Something of the need for fertilizers in South America may be seen 
from data on the current consumption. The data are probably incom
plete, but from 1963 statistics compiled by the United Nations, it 
appears that the total annual consumption is about 180,000 metric tons 
of P z05, 155,000 tons of N, and 88,000 tons of 1{20. Much of South 
America has a tropical and subtropical climate, in 'vhich nutrient salts 
are naturally leached fron1 the soil, and some of its soils have been 
further mined of their nutrients through centuries of agriculture; 
therefore the present use of fertilizers represents only a fraction of 
the need. For example, on a per capita basis, the South American 
annual consumption is 1.2 kg P 20 5 , 1.0 kg N, and 0.58 kg K 20 com
pared to 14.3 kg Pz05 , 18.1 kg N, and 11.4 kg K 20 for the United 
States-a younger country, from the standpoint of soil use, with a 
far less corrosive climate. 
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PHOSPHAT:E RESOURCES 

The prospects are bright for discovery and increased production of 
phosphate in South America. The newly discovered Sechura phos
phate deposit in Peru may come to rank among the great deposits of 
the world; recently discovered deposits in the Andes are not as promis
ing for export but could be important local sources in Peru. Deposits 
on the present sea bottom off the coast of Peru, although little explored, 
probably are extensive and might be dredged economically by tech
niques presently being developed if there were a need. Guano de
posits, the only present source of production, do not have much 
potential for increased yield. Venezuela and Brazil are mining sedi
mentary phosphate deposits that could yield increased production, and 
both have prospects for further discoveries, including sea-bottom 
deposits. Brazil also has numerous igneous apatite deposits, some of 
which may have a good potential. Colombia presently produces a 
small amount of high-phosphate slag as a byproduct of the Paz del 
Rio steel plant and has good prospects for discovery of workable sedi
lnentary phosphates. Chile has small production of guano and also of 
apatite from deposits associated with iron-ore deposits. There are 
good chances for discovery of additional apatite deposits and some 
chance for sedimentary phosphorites; sea-bottom phosphate deposits, 
although unexplored, are extensive and may be one of the most prom
ising sources of low-cost production for the future. Argentina has 
some porduction now of basic slags that can be expanded, and a sedi
mentary phosphate deposit has been discovered recently by geologists 
of Yacimientos Petroliferas Fiscales, in the Comodoro Rivadavia re
gion of the southern part of the country. Argentina also has pros
pects for igneous apatite, and Boliva has ground favorable for both 
sedimentary and igneous types. Although there are no known occur
rences of phosphate in Ecuador, its geologic character permits, if not 
favors, the occurrence of phosphates of sedimentary origin. 

Because phosphate is a comparatively low-value commodity that is 
used in substantial bulk, transportation costs may quickly increase the 
price to the consumer. There are both favorable and unfavorable im
plications in this for South American countries. It is certain that 
exploration in most South American countries \Yould lead to the dis
covery of phosphate deposits which-even though some might not be 
competitive for export to the 'vorld market-could make phosphate 
available within the country at a lower cost than it could be obtained 
elsewhere and at a considerable saving in foreign exchange. On the 
other hand, the inadequate or high-cost transportation systems within 
some countries could deny to SOlT1e of their agricultural regions the 
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hl'nefit. of cheap fertilizer-even "·here the cost of production at tlw 
mine is low by world standards. 

One locally satisfactory solution to this problem may come from tlw 
use of moderately phosphatic materials, too low grade to process, 
directly applied to the soil. In temperate climates rock phosphate 
needs to be put into soluble form to yield beneficial results, and this 
requires a high-grade source or a beneficiated product. On acid soils, 
hmYever, direct application of raw rock may be worthwhile, and its 
relative insolubility may, in fact, have some advantages; for this pur
pose low-grade deposits, which are more widely distributed than 
high-grade deposits, may be suitable. 

POTASH RESOURCES 

Potash resources in South America also have considerable potential, 
although the prospects for wide occurrence are not. as bright as those 
for phosphate. 

Chile is presently the only potash producer in South America. 
Production, in the form of potassium-sodium nitrate (about 10 per
cent 1(20), comes as a byproduct of the nitrate industry; production 
will probably increase in the near future. Other saline deposits and 
brines of northern Chile contain potash that may be commercially 
exploitable. The newly discovered potash-rich brines in the Sechura 
Desert of Peru have a large potential, and the unexplored salt domes 
east of the Andes suggest a series of salines there that could contain 
potash salts. The bedded potash deposits recently found in the course 
of petroleum exploration in the SergipP-Alagoas basin of northeastern 
Brazil are other promising prospPC'ts hut are as yet inadequately ap
praised. The Andean salars and closed hasins of Argentina offer good 
prospects for brines, and the alunit<~ deposits in Chubut Province are 
also a possible source. Salt deposits in Colombia and Ecuador need to 
be investigated further for possible occurrences of associated potash 
salts. 

Althongh potash is a higher ntlne commodity than phosphate, 
transportation costs also add sjgnificantly to its price. For this reason 
it may be highly desirable not only to evaluate prospects of the type 
just mentioned, but also to consider other sources that are not much 
exploited elsewhere. Among these are sea 'vater, potassic feldspar 
(both of which are already being con:-;itlered in Brazil), leucite, musco
vite, potash-rich volcanic tuffs (which are widespread in the Andes of 
northern Chile and southern Peru) and some potash-rich igneous 
rocks, glauconite, and certain potash-rich black shales. As with 
phosphate, some of these potash-bearing materials may be suitable for 
direct application in raw and unheneficiated form in areas of high 
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rainfall. Experiments already completed by AID in Brazil show 
good results, for example, from direct application of potash-bearing 
mica sehist to certain tropical soils. 

SULFUR JRESOURCES 

Potential resources of sulfur ill South American countries are both 
brge and widely dist l'ibuted. Peru, again, ranks high in its sulfur 
potential, partly because of its volcanic deposits in the Andes and the 
unexplored salt domes l'ast of thL· ~\ucles-neither of which are pro
ducers now-but mai11ly becanse of its extensive sulfide deposits. 
Sulfur in gases from Peru's principal smelters, now vented off, could 
be reco\'ered. Chile, Bolivia, Ecuador, ~\.rgent ina, Venezuela, aiHl 
Colombia all have substantial pott>ntial for production from volcanic 
deposits and from smelter gases, and in addition Veneznela has high
sulfur erude oils, from which sulfnr is now being recovered. Some of 
the Andean volcanic deposits are being worked, and although most of 
them are high-cost sources hy world stanclar<ls, they are important for 
local use. Sulfur in smelter gases :[n these countries by and large is not 
now recovered and is an immediate source for ex paw led product ion. 
High-sulfur coals in Brazil and Ecuador are possible- sources, as an• 
gypsum ancl anhydrite cleposits in Venezuela, Bral'.il, Chi h., aml 
Colombia. 

Although sulfur is a moderately valuable mineral as nonmetallies 
go, transportation is again an important. element of its <'ost to the con
sumer, awl henee there is the same need to develop local sources as therP 
is for phosphah'> and potash. 

It. cannot be emphasized too strongly that in viewing the future de
velopment of these fertilizer minerals in South Ameriran countries, 
the prime interest is not in producing materials for export (which has 
been the chief interest in nearly all of the- mineral inchtstry of these 
countries in the past) but in producing them for loea l consmnption at 
a lower cost. than they can be imported and hence at a sa ,·ing:s in foreign 
exchange. 

NITRATES 

Nitrates have not been considered in the body of this report, but a 
word or hvo about them is appropriate here. Chile possesses tlw 
world~s largest and only signiticant natural nitrate dt>posils, nnd whil<' 
synthetic produetion is llO\Y generally cheaper, Chih'an nitrate has 
I'Pill:lined competitive in many lll<lrkets. Hecent dL·\·elopment of 
pro<'Psses for byprodnet rel·on'ry and for tlH•mamtfad m·p of potassim11 
nitrate should increase its competitivity, particularly in those. Sontl1 
~\.merican areas where synthetie nitrogen may he ('ost ly to proclueP. 

Guano is another laq.?,\' source- of nitrogen, as well as phosphate, in 
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South America, but its potential is now very nearly limited to the 
annual crop from sea fowl. Organic nitrogen from such sources as 
sewage, fish scrap, manure, and cover crops is another indigenous 
source with only a moderate undeveloped potential. 

Although there are several processes for synthetic manufacture or 
byproduct recovery of nitrogen compounds, all depend on the avail
ability of inexpensive electric power or of oil, gas, or coal. These are 
not readily available in all parts of South America and consequently 
synthetic nitrogenous fertilizers 'vill be subject to the same kinds of 
transportation costs and distribution problems that affect the natural 
fertilizers, though perhaps to a lesser degree. 

STEPS TOWARD EXPANDED PRODUCTION AND USE 

From this survey of the present and potential availability of mineral 
fertilizers in South America, it is evident that prospecting and ex
ploration can be expected to lead to discovery of many additional 
indigenous sources. It would be misleading to imply, however, that. 
this step alone 'vould lead to expanded production and use of fertilizers 
in South American countries. Successful domesHc competition with 
world sources in any country requires development and use of highly 
efficient mining, processing, transportation, and marketing practices. 
It is plain that production from kno,vn deposits in South American 
countries is presently limited if not. severely hampered by the weak 
state of the art in one or another of these areas, and this weakness will 
be magnified in any attempt to develop for local use sources that are 
marginal or submarginal by world standards. Inadequate knowledge 
of efficient use of fertilizers is possibly an even greater retarding factor. 
Substantial expenditures and efforts will be required for improvements 
in all of these fields, to say nothing of those required for prospecting, 
exploration, and mine and plant development. 

Assuming that these problems will be attacked and resolved~ there is 
no question that discovery and development of additional sources of 
fertilizer minerals in South American eountries would aid signifi
cantly in expanding the use of fertilizers. A variety of steps can be 
taken to find and develop additional sources, and some of them can 
be expected to be successful in the short term. It should be emphasized, 
however, tha.t full development of South America~s resources 'vi11 come 
only 'vith much expanded knmvledge of its geology, achi-evable only 
through geological mapping and related activities. This task. which 
has barely been attacked, is one of enormous magnitude in most South 
American countries. There is no hope of completing it as a part of any 
specific or finite program, but at the same time the effort, most of 'vhich 
is undertaken by national geological surveys and related orgmnza-
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tions, should be encouraged as a continuing function and expanded as 
staff and funds permit. 

Traditionally, the fertilizer industry in the United States and else
where has not been aggressive in prospecting for new deposits. It has 
explored and developed prospects found by others, but it has done 
little to search out new leads on its own; until recently, therefore, the 
industry has developed little prospecting expertise. Most companies 
still find it expedient to begin with a known prospect, and it is likely 
that their greatest contribution to the development of fertilizer
mineral resources in South America will cmne from exploration of such 
prospects. The prime aim of a mining company of course is to produce 
ore that can be sold at a profit, and it is natural for it to attempt to 
reach the production stage as quickly as possible and with a minimum 
expenditure for prospecting and exploration. 

There is now rapidly developing, however, an interest on the part of 
industry in development of new sources of fertilizer minerals over 
the world, and many companies hitherto not active in the field are 
joining the search for minable deposits. Several of the large oil 
companies, in which there is well-developed tradition and ability in 
prospecting and exploration, are entering the field, some in coopera
tion with fertilizer companies, and the effort in prospecting and ex
ploration is about to increase markedly. Given the proper encourage
ment and opportunity, there is no question but that many of these 
companies would participate in the search for fertilizer minerals in 
South America. 

All the countries discussed in this report, with the exception of 
Ecuador, now have geological-survey capability, developed in varying 
degrees but nevertheless able to undertake studies of the kind that 
may be expected to lead to the discovery of new sources. Few of the 
personnel of these organizations are now trained or experienced in 
fertilizer-mineral geology, and all are engaged in other urgent studies 
related to the development of their country's mineral industry. Never
theless, if some personnel could be assigned to this problem and field 
studies authorized and financed, they could be trained in a month or 
two to begin the work and should make good progress in identifying: 
and appraising new sources in many countries. 

Comparatively modest efforts and expenditures, then, in (a) fielding 
and guiding reconnaissance and prospecting activities in established 
geological-survey institutions in South American countries and in (b) 
encouraging private companies to search for and develop minable 
deposits, can be expected to meet with considerable success over a pe
riod of a few years in enlarging the production and use of fertilizers 
over the continent at large. 
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