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World production of phosphate rock, 85% of whi.ch is used in the 
fertilizer industry, reached 136 million tons in 1980, which is 
approximately double the 1965 production, and is likely to double 
again by the year 2000. This expanded production will likely consume 
the best quality deposits and will require producers to use lower 
grade deposits. Use of lower grade ores of diverse types will require 
expanded development ｾｮ､＠ use of beneficiation technologies to produce 
concentrates that can be used for processing into phosphate fertilizers 
by current technology. Alternatively, or perhaps additionally, new or 
modified chemical processing techniques may be required because 
concentrates from lower grade ores are likely to contain more impurities 
than present commercial phosphate rock. 

On a regional basis, Latin America has long been a net importer of 
phosphate products for its agricultura! needs . The 1973/74 phosphate 
rock shortage and simultaneous steep rise in prices caused several 
countries in the region to seek to identify and develop indigenous 
rock sources. Many new deposits have been found, and previously known 
deposits are being reconsidered. At the present time phosphate rock 
shortages have been replaced by a large surplus. Planned phosphate 
mining capacity seems more than adequate to supply the forecast demand 
at least through the 1980s. Nevertheless, several Latin American 
countries have continued to place a high priority on developing their 
indigenous deposits, particularly those countries which have a 
substantial domestic demand or regional market potential. 

There are severa! reasons for this renewed interest in opening new 
deposits even when there is a surplus supply. First is the natural 
desire to be independent of foreign sources; severa! countries will 
not soon forget the lessons learned during the shortage of any mineral 
commodity that places them at the mercy of foreign ｣ｮｾＺＺ［ＭＺＧ｟ｩ･ｲｳＮ＠ Second 
is the potential saving in foreign exchange and increased domestic 
employment. A third reason is the need for protection against world 
market price variations and a saving in freight costs. These factors 
combine to improve the economics and desirability of utilizing 
indigenous deposits . 

A major concern of the International Fertilizer Development Center 
(IFDC) is to work with developing countries that need technical 
assistance in order to use their natural resources. Most of these ｮｾｷ＠
Latin American deposits present some problems in mining, beneficiation, 
and use in conventional processes. A large pa rt of IFDC' s ｰｨｯｳｰｨ｡ｴ ﾷ ｾ＠

program consists of finding good uses for ｴｨ･ｳ ﾷ ｾ＠ indigenous phosphat.e 
ores and solving the technical problems associ .1ted with them. 

Over the past 10 years, IFDC has examined a nw1ber of sedimentary 
phosphate ores from various Latin American deposits (note that igneous 
deposits, such as those of Brazil, are not discussed in this paper). 
The purpose of this paper is to present a summé:ry of the ｡｣｣ｵｭｵﾷｾ｡ｴ･､＠
data and a brief description of the ores. Somt' of these ores present 
minimal processing problems, whereas others arf examples of diificult 
ores. The classifications used here do not putport to be a complete, 
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listing of all ores that may cause some difficulty in ｢･ｮ･ｦｩ｣ｩ｡ｾｩｯｮ＠ or 
use. Severa! of the examples present a combination of difficulties 
and thus fall within two or more of the categories. Also, the data 
presented are based on the samples examined and may not represent all 
of the characteristics and problems found in a gíven deposit. 

General Characteristics 

Textures--The most common textures reported in sedimentary phosphorites 
are those containing pellets . The pellets may be reworked pieces of 
the preexisting ore, fecal pellets, organic fragments (shells, bones, 
teeth, etc . ), and oolites. One type of pellet may be predominant in a 
single deposit, but mixtures of types usually occur. Pelletal ores 
are the most common texture seen in the Latin American phosphorites 
(Table 1), and they contain nearly all types (Figure 1) . Even the 
Patos de Minas sample shows relict textures of pellets that can be 
seen under crossed polars even though the principal texture is that of 
a metamorphosed phosphatic shale. Only the highly altered Riecito ore 
shows no evidence of pelletal structure. 

Mineralogy--The bulk mineralogy of these ores is typiçally rather 
simple. No more than 15 minerals are required for a detailed mineral 
description of these 11 samples, and if the clay minerais are combined, 
fewer than 10 minerals are needed (Table 2). Francolites (carbonate 
fluorapatites) are the principal phosphate components (Table 3), 
although Riecito contains fluorhydroxy-apatite and Patos de Minas 
contains some secondary wavellite. Quartz is the most important and 
ubiquitous diluent followed in importance by clays, carbonates, and 
hydroxides. Minor mineral constituents generally do not create 
special processing problems with the exception of 1.6% NaCl in the 
Mejillones, Chile, sample . 

Chemistry--The samples examined show a wide range of values in P20 5 

grade (Table 4) ｾｮ､＠ chemical impurities (mainly Si02 , Fe203, Al 203, 
K20, MgO, and Cl 1 ) . ln general, the CaO:P205 ratio should not be 
greater than 1.61, and the total (Fe 203 + Al 203 + MgO):P205 should be 
less than 0.11 for a rock to be used in conventional chemical processes. 
Phosphate rock can be classified as low grade if the ｐｾｏｳ＠ content is 
lower than about 32%, which is about the average of commercial rock 
(concentrates) sold on the world market. However, low-grade rocks may 
be quite satisfactory for chemical processing if their content of 
troublesome impurities is within the limits specified above. Rocks 
that fail to meet these criteria can be considered low quality even 
when the grade is high. When grade and quality are both low, a rock's 
potential for use may be very restricted. These points will be further 
discussed in the following sections. 

High Sílica Ores 

Ores high in sílica, which are difficult to beneficiate, often pose a 
problem. lt often is difficulL to liberate the phosphate from the 
sílica without overgrinding and increasing phosphate losses as fines 
(slimes). Sílica can abrade the surfaces of equipment that moves at 
high speeds (agitators and pump impellers) and add significantly to 
the erosion/corrosion problema in plant maintenance. In some fertil
izer processes unreactive sílica can be processed with the phosphate 
if the plant is designed with suffícient filtration and washing 
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capacity. ln such cases the problem becomes one of economics, whether 
the additional cost of using the ore without beneficíatíon (or with a 
mínimum of beneficiation) is less than the cost of removing the sílica 
by beneficiation. The answer to this problem will depend on severa! 
factors, particularly if the fertilizer plant can be located close to 
the mine where the effect of the transport costs of decreased grade 
due to sílica is small. The rocks from Bolívia; Olinda and Patos de 
Minas, Brazil; Pesca, Colombia; and Riecito, Venezuela, all present 
difficult sílica beneficiation problems. 

When sílica is present as silicates of acid-soluble cations, the 
problem is different; ores with high clay contents may fall in the 
"high iron and aluminum" category. 

Hígh Iron-Aluminum Ores 

Ores high in iron and aluminum are normally regarded as unusable ín 
wet-process phosphoric acid when lhe R203 (Fe203 + Al203) exceeds 
3%-5% and in superphosphate when lhe R203 exceeds 2%-3%. Many ores in 
this classification cannot be beneficíated satisfactoríly. The problem 
results from the mineralogical forms in which iron and aluminum occur, 
for example, as phosphates, silicates, oxides, hydroxides, and other 
minerais. The most common beneficíation methods, if they can be used 
at all, are magnetic separation and scrubbing/desliming (to reduce 
clay content and surface films). Where fuel is available at 
reasonable costs, the iron and aluminum in clay minerais can be 
rendered relatively insoluble by calcination. Latin American 
phosphorites in this category are those from Bolívia and Chile; from 
Olinda and Patos de Minas, Brazil; and from parts of the Sardinata, 
Colombia, deposit. 

The deposits at Patos de Minas and Olinda, Brazil, also contain small 
amounts of wavellite , ａｬｊＨｐＰ Ｔ Ｉｾ＠ ＨｏｈＩｊﾷｓｈｾｏＮ＠ Because the ｒｾｏｾ＠ and ｐｾｏｾ＠
are present in chemical combination, it is impossible to dissolve the 
ｐｾｏｾ＠ without the R,O J also passing into the solution. Ores in which 
wavellite or other aluminum phosphate minerais are the principal 
phosphate minerais ca n be treated by calcination to produce a material 
that is water insoluble but citrate soluble and a source of available 
phosphate for crops on some types of soil. A deposit of this type is 
found in northeastern Brazil but has not been studied by IFDC. 

High Carbonate Ores 

Ores containing a high percentage of calcite and dolomite may be 
uneconomical to process because of high acid consumption and foaming. 
ln the case of dolomite, the presence of more than 1% magnesium is 
undesirable in phosphoric acid processes. ln many cases the choice 
may lie between accepting high acid consumption and beneficiation. 
Two beneficiation procedures havc been tried on these ores--calcination 
to decompos e the ca r bonates followed by remova! of the oxides (or 
hydrox ides) by washing or air separation and flotation. The cost of 
calcining is a se rious drawback in most countries . Flotation of 
carbonates from sedi mentary pho spha tes has been developed in 
pilot-scale s tudies but is not pract iced industrially. Carbonates are 
removed by flotation from igneous apatites in Brazil, Finland, and 
South Africa . Latin Ame rican phosphates that are high in carbonates, 
include Bolivia; Hu ila, Colombia; Ecuador; and parts of both deposits 
in Venezuela. 
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High Chloride Ores 

Many phosphate ores are high in chloride, which can contribute to 
severe corrosion in wet-process phosphoric acid plants. The chloride 
usually is presentas water-soluble salts such as NaCl. Soluble 
chlorides in phosphate ores can be removed by washing with fresh 
water, although complete remova! is sometimes dífficult. The phos
phorites in Chile and Peru occur in very dry areas, and the presence 
of chlorides is a problem for both ores. 

Conclusion 

The phosphate ores of Latia America present a variety of challenges to 
the mineral processing technologist. They represent most of the types 
of problem ores that occur around the world. Many of these problems 
are being studied intensively, and advances in the treatment of such 
ores seem likely over the next few years. However, each ore has íts 
own unique characteristics, and the application of new technology 
often will require studies to adapt it to the specific ore of 
interest. A significant effort on the part of various public and 
private organizations will be required as the number of phosphate 
occurrences in Latin America continues to grow and the types of ores 
and associated problems become larger. The necessity for increased 
food production to feed the growing population and the absence of 
alternatives to phosphate as a basic industrial commodity will provide 
the stimuli for this much needed work. 
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T;:ible 1 . Textural Varietie s of Latin Amer i can ｐｨｃｓ｛Ｇ ｾｾＭｾ＠

Dep osit 

｟｟｟｟ｬ ｯ｣ ｡ｾ｟ ｩｾ＠

Bo 1 i VI a 

Cap ino ta 

Braz i l 

Olinda 

Patos de 

ｾＱ＠ t nas 

Clnl e 

."leJill ont'!s 

C o lamb ia 

Pesca 

Sa rd i na ta 

Ecuador 

!-o"apo 

Peru 

Sechura 

\' enez uela 

Lo ba te r a 

Ri e c i to 

Hode o f Phos phate 

Occur r enc e 

Pell e t s , pho sphatized shells, 

an d pe ll et fra gments, mino r 

s econdary ph osp hate ceme n t 

Pelletal and fossil fragments 

Distorted pellets, lenses 1 

and ba nd s in porous shale 

Pellets ｯｾｯ､＠ phosphatized 

fossil ｦｲｯｾ｡ｭ･ｮｴｳ＠

Pt'!lleta l 

Pt'!lle ts 1 phosphatized 

fossils and limestone 

fragments 

Pt!i!llets 1 oolites 1 and 

phosphatic fossil 

frag men ts 

Oolitic , pelletal 

Pellets 1 phosphatized 

fossils 

Laroinar 1 dense ma sses of 

reprecipitated apatite 

Pho s p hate 

:1at rix o r ｃ ･ ｭｴｺｾｾ＠ Particl e Si z e 

Sec or:dary frdr.C'c l::e, 140 - 45 0 J.Jm 

go eth l t e, q u .HLZ 

Fran col it e, clay, 150-300 f.Jm 

goethi te 

Qu.:trtz, s e ri c ite , \'ariable 

clay ,s, s e conJary 

fran co ll te 

L'n cons ol ldated ""' ith 200-300 ｾｭ＠

some l".ali te and 

gypswm 

Cher t and q uartz 30 0 I.Jm 

Weak silica cement 1 600-2,500 ).Jm 

secondary apatite 

Seconàa ry apa t i te 1 40-200 ).Jm 

ca lc ite 

Un co n s olidated , .... ·eak 100-200 ).Jm 

sil ic a or gypsum 

cement 

Calcite p lu s silica 

Usually siliceous 

but may be 

calcareous 

200·1, 000 JJTD 

150·180 ｾｭ＠

_ _ __ __:CrJrr,r:-> P;;t."-> _ _ _ _ 

Low g r ade met a ser:!ime:-; ts 

\"ariable rnatrix 

ｍ･ｴ｡ｳｾ､ｩｭ･ｮｴ｡ｲｹ＠ depos1t 1 

fra c tures, and voids 

c or.tain ｾｯ ﾷ ｡ｶ･ｬｬｩｴ･＠

Pellet s conta1n plagioclase 

a nd qua rtz 

Pellets. contain si l ica ge l , 

Fe 20 3 , and organic r.:atter 

Gra í ns coated by si l ica ge l 

a nd contain Fe 20 3 , clays 1 

and organic matter 

CaC0 3 intraclasts, some 

eh a l c erlo ny 1 goethi te, and 

glauconi te 

Con c r e t i onary clay hulls on 

oo l i tes, diatomite 

assoc1ation 1 

High organic and FeS 2 
association 

dolomite 

Quartz, clay, and Fe 203 

occur in the l am in ae 



ｉ｡｢ｾ･＠ 2. :' li neralog;· o f La tin Ame ri ca n Phos phorites 

ｾｬｩｮ･＠ r a logy 
Depos it .-\patite Quartz Goe thite Calci t e Cl ays f e ldspar Others 

- ---
Bolivia 

Capino ta 42 38 14 4 4(s) 

Brazil 
Olinda 32 25 8 IR 23(k,s) 1(w J 
Patos 60 15 2 17(sJ 3(1-) 

Chil e 
ｾ Ｍｬ･ ｪ＠ i l lo nes 21 19 5 (c ,b) 30 6( g) 

Co l omb í a 
f-' Hui la 50 15 25 10(s ) 
f-' Pesc a 52 41 1 3(sJ o 

Sard ínata 65 ll 1 3 l 8(s,m ) 

Ecuador 
\ ap o -., 

ｉｾ＠ 9 1 15 3(s,m ) TR 

Peru 
Sechura 90 5 TR TR ( d J 

\·enezuela 
Loba te r a 25 20 5 30 15 l s ) 3(p ) 
Rí ec ito 70 20 2 5 ( s J 

s- = se rí cú-e-=-nius cov í t e - í ll í te b = bíotí te 
TR = Trace g = 3% NaCl , 3% gyp s um 
k = kao l inít e m = montmoríll onite 
w = "·avell it e d = do l omíte, n gypsum 
c = chlori t e p = pyrite 

ￜｩ＿Ａｩｩｩﾧ ｾｴ ￚ ［Ｚｾ  ＧＭ ｽ ｦＧ ＯＧｾｴｾ｜ｙﾷﾷｾ［ＭＧﾷ＠ Ｇ ｾ ｜ﾷＧＡｯﾷＧＧｾ［ＮﾷＮ｜＼ｓ［Ｌ｜［Ｍｾ ＢＱＮＮＡﾷＱＺＧｩｩｊＢｾ ￍｩｪ ﾷＰ ｬＡｩｂ Ｇｲ ｩｩＡ＾ｩｩｩ ﾷ ｾＭＭｩｩｬｩＡｬ Ａ￢ｊｩｩｩｬｩｩｩ￭Ａｬ￭Ａｉｍ Ｂ ￍ｛ｪ Ｎﾷ ｬｪｩ Ｎ＠ ·n···----------------------------------------------------
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Table 3. ｃ ｲｾｳ ｴ ｡ｬ＠ Chemíca l Prore r ties of Francolites ín La t in American PhosEhorites 

ｾｬ･ ｡ ｮ＠ Emr i rica l Fo r mulac 
A c Refract5ve Theoreti ca l 

Paramete r 
a 

Parame t e r 
a 

C a Na _!!_g_ ｾ＠ __fQ_a F % P20s Index 

Bolívia 
Cap inota 9.361 6.849 1 .630 9 . 88 0 . 08 0.03 5.64 0.36 2 . 14 40. 14 

Br azi l 
Olinda 9.352 6 .891 1 .622 9 . 80 o. 14 0.06 5.42 0 . 58 2.23 38.81 

Patos 9 . 371 6.890 1.626 9.97 0.02 0.01 5 . 91 0.09 2.04 41. 74 

Chi le 
Hej illone s 9 . 330 6 . 888 1. 582 9.60 0 .29 0. 11 4.94 1.06 2 . 43 35 . 92 

f-' Colombia 
f-' Huila 9 . 343 6.897 1. 610 9.72 0 .20 0. 08 5 . 21 O. 79 2.32 37.57 
f-' 

Pesca 9.343 6.893 1. 610 9 . 72 0.20 0.08 5.21 0.79 2 . 32 37. 57 

Sardina t a 9 . 355 6.891 1 . 624 9.83 o. 12 0. 05 5 .49 0.51 2 . 20 39 . 25 

Ecuador 
Napo 9.343 6.894 1. 618 9.72 0.20 0.08 5.21 o. 79 2 .32 37.5 7 

Peru 
Se chura 9.336 6.887 1. 598 9.66 0.25 o . 10 5.06 0.94 2.38 36. 67 

Venez ue l a 
Loba te r a 9.347 6.894 1 . 620 9 . 76 o. 18 0.07 5 .30 0.70 2.2§ 38.11 

Ri ec ito 9 . 386 6.890 1 .626 10.0 0.0 0.0 6.0 0 . 0 2.0 42.20 

a . ln Angstrom units. 
b . ND 25 usually ± 0.002. 
c . Moles per unit cell. 
d. The sum of F- 1 plus OH- 1

. 



Table 4. Chemistry of Latin Arnerican Phosphorites 

a 
Weight Percent 

P20s, 
!'..z.Qs. c.s. C aO F ｾ＠ Si02 ｾ＠ Fe203 _l!gQ Na20 _&Q s 

Bolívia 
Capinota 19. 9 - 28.1 2.0 5.2 27.4 2.60 6.70 0.47 0.24 0.27 0.20 

Brazil 
Olinda 12.7 2.2 18.0 1.4 1.1 38.4 10.8 7.9 0.82 o. 15 0.99 0.09 
Patos de Minas 18.1 - 24.1 1.6 0.65 29.5 8.4 3.5 0.88 0.08 1.9 0.3 

Chile 
b 

1-' Mejillones 9.7 - 18 .0 1.0 1.6 42.3 8.85 4.30 2.20 4.50 0.38 
1-' 

Colombía 1\.) 

Hui la 20.2 3.9 39.6 2 . 4 1.4 22.9 1.1 0.54 o. 16 0.20 0 .08 0.61 
Pesca 20.4 3 .8 2A ·"' 1 . 0 1.4 42.2 1.1 0.85 0.09 o. 14 o. 16 
Sardinata 26.7 2.G ] 2.9 1.2 22.0 4. 1 1.7 0.24 o. 10 0.25 

Ecuador 
Napo 27.8 3.6 48.0 3.4 7.4 7.1 0.87 1.5 (l 24 0.42 0.23 0.50 

Peru 

Sechura 31.3 5.0 46.7 3.5 3.5 5.7 1.0 0 .47 0.39 1. 40 o. 19 1. 30 

Venezuela 
Lobatera 13.8 - 39.6 1.5 15.9 21.5 0.98 0.34 0.26 o. 10 o. 13 0.52 
Riecíto 27.3 3.1 38.6 1.4 3.7 21.4 1.7 0.81 o .12 0.41 0.06 o. 19 

a. Neutral ammonium cítrate-soluble PzOs . 
b. 1. 6% Cl. 

ｾ ＧＧＢＧ＠ .. __ .......... _______________________________ _ 



(A) (B) 

(C) (D) 

Figure 1. Types o f La tin American Phos phori t e s: (A) High Gr ade, 

Sechura, Peru; (B) Silica Cemented, Capino ta, Bolívia; 
(C) Carbonate Cemented, Napo, Colombia; and (D) High 
Fe , Al, Patos de Minas, Bra zil. 
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