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SEDIMENTARY PHOSPHATE DEPOSITS - AN INTERIM REVIEW 

Abstract 

The most widely used ore in the world's phosphate industry is sedimentary phosphate rock, or 
phosphorite, in which the apatite mineral series is prominent. The sedimentary phosphate minerals 
probably form during diagenetic phosphatization of sediments in certain shallow-marine environments 
near loci of upwelling deep-sea water. Hypothetical models of various sedimentological-tectonic 
conditions that apparently occurred during phosphate deposition have been used in delineating 
promising areas for prospecting. In this paper , several models are drawn from descriptions of known 
phosphoritic regions, and a genetic scheme of classification is proposed. 

Canada has a well-developed phosphate industry although no ore is mined in this country. 
Phosphorite is reported, however, from beds of a wide range of ages and it should be possible, using 
criteria derived from the models for deposition of marine apatite, to delineate favourable sites for 
prospecting and testing. 

Resume 

Le minerai le plus frequemment utilise par l'industrie mondiale des phosphates est une roche 
sedimentaire phosphatee, appelee phosphorite, OU domine la serie des mineraux de la famille de 
!'apatite. Les mineraux sedimentaires phosphates se f orment probablement pendant la phosphatisa­
tion diagenetique des sediments dans certains milieux marins peu prof onds, pres de zones de rem on tee 
des eaux prof ondes. On a utilise des modeles fictifs, reproduisant les diverses conditions 
sedimentologiques et tectoniques qui ont probablement regne pendant le depot des phosphates, pour 
delimiter les zones ou la prospection pourrait s'averer interessante. Dans cette etude, on decrit 
plusieurs modeles bases sur la description de regions connues de gisements phosphoritiques, puis on 
propose un mode de classification genetique. 

Le Canada possede une industrie des phosphates bien developpee, meme s'il n'exploite aucun 
gisement de phosphate sur son territoire. Toutef ois, on a signale la presence de gisements 
phosphoritiques dans diverses couches sedimentaires d'age variable, et on doit pouvoir, en utilisant les 
criteres f ournis par les modeles de sedimentation des apatites marines, delimiter les sites a 
prospecter et etudier en detail. 

INTRODUCTION Phosphorites are white to dark brownish grey, mainly 
light coloured, shaly to sandy rocks, many of which contain 
rounded to ovoid structureless pellets or nodules. The y are 
not very distinctive rocks and can be overlooked or misidenti­
fied. A bluish grey 'phosphate bloom' may be present on 
weathered surfaces. Phosphorites are of marine or 
restricted-marine origin. 

A study of Canadian bedded phosphates was begun 
recently by the Geological Survey of Canada with the 
objective of assemb ling information on identified Canadian 
occurrences and of evaluating the geological potential for 
further discoveries. This review summarizes the first phase 
of the project: a survey of the world phosphate industry and 
a preliminary attempt to classify sedimentary phosphate 
deposits. 

The phosphate industry in Canada is well-developed, 
using phosphate rock imported mainly from the United States. 
No phosphate ore is mined in Canada; sedimentary (and other) 
occurrences are known across the country, but grades and 
mining conditions a re such that none are now suitable for 
production. 

Definitions 

Phosphate is a commercial term for a rock, mineral or 
sa lt containing one or more phosphorous 1 compounds . Phos­
phate rock 2 contains one or more phosphate minerals, usually 
calcium phosphate (apatite), in sufficient quantity for use, 
either directly or after beneficiation, in the manufacture of 
phosphate products. The most widely used ore is sedimentary 
phosphate rock or phosphorite; other phosphate rocks include 
phosphatized limestones, sandstones, shales, and igneous 
rocks. Phosphate rock is graded on two bases: P 2 0 5 equiv­
alent; and "bone phosphate of lime" (Ca3(Po,)i) content. The 
latter is commonly abb reviated to BPL or TPL (tricalcium 
phosphate). (J.0% BPL is equivalent to 0.458% P20s.) 

Demand for Phosphorus 

Phosphorus plays an essential role in plant and animal 
life and the heavy and continual cropping of food-growing 
land results in depletion of phosphorus in the soil. 
Agricu ltu re in the developed nations takes the major part of 
mined phosphate in order to maintain high food production. 
In addition, however, certain phosphorous compounds improve 
the efficiency of industrial and domestic products: e.g . 
detergents, dental cements, pesticides, and metallic alloys. 
Phosphorus is a lso used in military smoke screens and 
incendiary bombs. 

The world demand for phosphate for manufacture of 
fertilizers and the uneven distribution of easily mined 
phosphate rock have resulted in a substantial international 
trade . Fertilizers, however, are an industrial product and 
require other chemicals and energy; prices and market 
activity have, therefore, been tempered by increasing costs 
due to the recent, universal energy crisis . About 110 million 
metric tons of phosphate are mined annua ll y in about thirty 
countries of the world. Three countries - the United States, 
the Soviet Union and Morocco - account for 7 5 per cent of 
the production. About 85 per cent of the mined phosphate is 
consumed by the developed industrial agricultural countries 
of Europe, North America and Asia, and by Aust ralia . 

1 The reader is reminded here that the e lement is phosphorus a nd the adjectival form is phosphorous. 
2 Phos hate rock is used here in a geological sense. In the industry, 'or e ' is a naturally occurring phosphate too low in grade to 

be converted economically ) to fertilizer in a fertilizer plant, whereas 'phosphate rock' is a higher grade phosphorous product 
(i.e. beneficiated ore) that can be used in a fertilizer plant or put directly on cropland. Where the natural materia l is of high 
enough grade it also is refe rred to as 'phosphate rock' (Wells, 197 5, p. 4). 



In Canada, some 13 phosphate rock ac idu lation plants 
produce about one million metric tons of P20s equivalent 
annually; in addition, two plants produce elemental phos­
phorus by electric thermal reduction. The entire output of 
the acid treatment plants is superphosphate and ammoni um 
phosphate fertilizers; about half of the Canadian production 
is exported to the United States. 

1 (Boyd, 1976; Killin, 1975, 1976; Lewis, 1970; Noyes, 
1944; Spence, 1920). 

Distribution of Phosphorus 

Phosphorus fo rm s 0.10 to 0. 12 per cent of the earth's 
crust. Although widely dist ributed in nature, it never occurs 
as a free e lement because of its strong affinity for oxygen. 
The phosphorus of the earth's surface occurs primari ly as 
orthophosphates: P04 3- . Small amounts of gaseous phos­
phine, PH3, have been found in polluted spri ngs, lakes, a nd 
marshes under highly reducing conditions . 

The phosphorus of the world is contained mainly in 
minerals, in the biosphere, and in ocean water. More than 
200 minerals are known that contain up to 5 per cent 
phosphorus, but many of these are ra re . Most mineral 
phosphate is the ubiquitous apatite. 

Soils contain 0.022 to 0.83 per cent P ; only a small 
fraction of this is available (or soluble) for plant and 
microbial use . The phosphate minerals of soi ls are mainly 
compounds of calcium, iron, and aluminum, but have not been 
clearly defined. Unpolluted ocean and lakewaters contain 
meagre amounts of P: 0.00 l to 0.1 ppm in oceans, and trace 
amounts in rivers and lakes. The oceans, however, except fo r 
the uppermost layers, are nearly saturated with phosphate; a 
weighted-average phosphorus content of ocean water is abou t 
0.07 ppm, or about 330 tons per cubic mile (73 metric tons 
per cubic kilometre). 

Sedimentary Phosphate Minerals 

Most sedimentary phosphate minerals may be placed in 
the series, fluorapatite-chlorapatite -hydroxyapatite (Fig. 1 ). 
Phosphate occurs on the ocean and sea floors as the 
carbonate fluorapatites: collophane (amorphous) and franco­
li te (crystalline) . The amorphous and colloidal phosphates 
occur as nodules, conodonts, coprolites, and bones in marine 
deposits, and as guano (usually bird excrement). 

(Simpson, 1972; Fuller, 1972; Me ro, 1966; Blatt, 
Middleton and Murray, 1972). 

1. Igneous rocks, and stable phase under sedimentary 
conditions. 

2. AuU:_i.9._enic phosphorite in which C0 3 -- replaces 
P04 to a few per cent. 

3. Modern bones, teeth, etc . 

Figure 1. The apatite mineral seri es . 

Geochemistry 

The 'phosphorus cycle' comprises many interwoven 
cycles, with the sun's e nergy a driving force within and 
between them . The controlling facto r fo r the general 
geochemical cycli ng of phosphate is the biological system : 
that is, the events of solution of phosphate, growth and decay 
of o rganic ma tter, and deposition of phosphate a re a ll entered 
into and their rates controlled by life processes . The slow 
breakdown of rocks by weathering results in soluble 
phosphates, colloidal pa rtic les, and f ine mineral fragments. 
The solubilit y of the phosphate is enhanced by the presence of 
carbon dioxide (a product of biological metabolism) in the 
water . The phosphate ions are concentrated by biological 
processes from a ve ry dilute level in the habitat of the 
organisms, a nd are re leased as orthophosphates upon death 
a nd decay of cells. 

Apatite, the most abun dant mineral phosphate, is 
relatively insoluble in alkal ine or neutral waters, but its 
solubility increases with acid ity and with decrease in temper­
atu re. Apatite may be concentrated as a residua! deposit in 
early stages of weathering, but it eventua ll y breaks down and 
is carried away. Such dissolved phosphate is easily 
redeposited: as apatite in a limestone ter rane, and as 
wavellite and crandallite in a clay terrane. 

Hu man activity has become an important factor in the 
phosphorus cycle in modern times : soil is lost through erosion 
result in g from destructive agricultura l practices; phosphorus 
from ferti li zers and pesticides is fixed in soi ls to forms 
unavailable to biological processes; and phosphate is lost fr om 
the land to form a 'dead end ' precipitate in ocean bottoms 
through disposal of sewage and industrial chemicals . 

(Enc . ,Britannica, 1974; Fuller, 1972; Cathcart and 
Gulbrandsen, 1973; Simpson, 1972; Mero, 1966). 

ORIGIN OF SEDIMENTARY PHOSPHATES 

A widely accepted explanation of the formation of 
marine phosphorite is based on a theory originated by 
A.V. Kazakov in 1937: that upwelling of cold, phosphate- rich 
waters plays an important role in phosphate deposition in both 
present and former oceans. A biogenic origin for sedimentary 
phosphates was ea rl y suggested from the observed abundance 
of organic rem ains in the rock; the possibility of precipitation 
through bacterial activity also was conside red . Kazakov, on 
the othe r hand , emphasized inorganic precipitation of apatite 
and reasoned that calcite should prec ipitate befo re apatite. 
From exper ime ntal studies by different workers (see Cook, 
1976, p. 526), it was conc luded, in one case, that seawater is 
sli ghtly undersaturated in phosphorus, and in another, super­
saturatecr:-ln either case, apatite could precipitate quite 
readily . But Bushinskiy (1966) called attention to an 
elementary point: that any phosphate precipitated in 
seawate r would be so fine grained, as shown by expe r iment, 
that it would not settle on the sea floor if any c urre nt were 
active. Others (e.g. Senin, in 19 70; see Cook, 1976, p. 526) 
e laborated, adding that a fine inorganic precipitate shou ld be 
associat ed with fine pelitic sediments of the she lf whereas, in 
fact, the highest phosphate concentrations are found in the 
sandy sediments. Cook (op . cit.) reasoned that while 
organisms, especial ly phytoplankton, can concent rate phos­
pho rus to a high degree, other mechanisms must operate also 
because simply incorporating phytoplankton in sediments 
would produce only slightly phosphatic , organic-rich rocks. 
Decay and other post-depositional modifications clearly are 
required to produce phosphorite. 

An unde rstandin g of the depositional condit ions under 
wh ich phospho rite is formed should be obtainab le from a 
study of the textures and structu res of ancient deposi t s and 
by analogy with sites where phosphate deposition is now 

1 Sourc es are given in part in the text (e.g. McKelvey, 1967) and in part as appended lists of selected references followi ng 
sections of text, as in this case . 



taking place. The chief questions , conce rn the depositional 
conditions and whether collophane is primary or secondary in 
origin. 

Most phosphates evidently fo rmed in shelf environments 
a t water depths conside ra bly less than 500 m - possibly 
between 50 and 150 m as off southwest Afr ica today . A 
red ucing, anaerobic environment is suggested by the 
abundance of organic material in most phosphorites; a lso, 
50 to 150 m is the depth below which modern water a nd 
bottom sed iment conditions change from oxidizing to 
reduci ng. Phosphate deposit ion is gene ra ll y conside red t o be 
controlled by pH level (a high level conducive to deposition). 
Cook (1976), howeve r, from solubility measurements of 
interstitial fluids in modern sed im en ts, suggested that 
a lka lin ity 1 (in part a result of abundance of organic matter) 
may be a primary control. 

From facies distributions it a ppears that phosphates 
were deposited under near-normal salinity, but that f lanking 
areas were commonly hypersaline. The Phosphoria Formation 
of the Western St ates region grades eastward (toward the 
craton) into ca rbonates, then into red-beds and evaporites . 
Mode rn analogs a re known: for example, the Namib coastal 
desert fo rm s a hinter land of saline lagoons to the 
phosphorites off southwest Africa. 

How much of the collophane of phosphorites is pr imary, 
and how much is seconda ry (diagenetic and later) in origin? 
Some phosphatic material c learly is prima ry: rounded 
fragments of phosphatic brachiopod remains are present in 
Ordovic ian phosphor ites of the Baltic region. On the other 
hand, previously calcareous pelmatozoan fragments are now 
phosphatic in the Georgina Basin of Australia. Also, the 
common phosphatic pellets of many phosphorites are 
interpreted by some autho rs to be faecal in o ri gin (faecal 
pellets a re a bundant in phosphatic sediments off southwest 
Africa), but most faeca l pellets a re originaJ! y only slightly 
phosphatic, so the pellets of ancient phosphorites would have 
to have been phosphatized since deposition to impart present 
high phosphate concentr a ti ons (Cook, 1976). 

The phosphorus-content of intersti tia l water of marine 
sedimen ts (off southwest Africa) is ten to a hundred times 
greater than that of sea water. The phospha te is deposited as 
soft peJ!ets and nodules of gel -like calcium phosphate that 
incorporate other phospha te pa rt icles. As lithification 
proceeds in these sediments the phosphate content of the 
pellets and nodules inc reases. Thus it appears that 
phosphate-rich interstitial water wi JI phosphatize clays, 
oozes, calcareous sediments, a nd biogenic debris to form 
collophane just below the sediment surface (Cook, 1976, 
p. 527- 528). 

An important upgrading process at many localities, both 
modern and anc ient , is that of mechanical reworking of the 
sedimen t s . High -ene rgy env ironments due to wave and storm 
action, with consequent reworking, a re characterist ic of 
ce rtain sites of phosphate deposition; these aspects are 
discussed in a following sect ion. Sediments may a lso have 
been reworked ('winnowed') by bottom cur rents. Cook (1976) 
suggested t hat wide fluctuations in sea level (e.g . du ring a 
glacial epoch) are likely to have resulted in extensive 
reworking of shelf sediments and so may have favoured the 
formation of some phosphate depos its. 

Marine phosphorites thus may originate through the 
fol lowing steps: 

l. A prolific biota develops whe re phosphate­
(nutrient-) rich ocean water upwells and flows onto a 
shallow marine region with a slow ra t e of 
terrigenous deposition and a warm, a rid c limate. 

2. Anoxic, organic-r ich sediments fo rm from dead 
organ isms. Formation of dilutant calcium carbonate 
may be depressed by "phosphate ion activity" 
according to Gulbrandsen (1969). 

3. Phosphate is leached from organ ic remains below 
the sediment surface by low-pH, high-a lkaline 
interstitial water. 

t+ . Diagenetic phosphatization of the sediments takes 
place; apatite may precipitate direct ly from pore 
wate r. 

5. Sediments may be reworked and upgraded, the 
coa rser patches of phosphatized sediment remaining 
as a lag deposit as the less phosphatic fines are 
winnowed out . 

(Wang and McKelvey, 1976; Cook, 1976; Blatt, 
Middleton and Murray, 1972). 

SEDIMENTARY PHOSPHATE DEPOSITS OF THE WORLD 

Both descriptive and genetic schemes fo r classification 
of sed imentary phosphate deposits a re complicated by the 
variety of processes that commonly appear to have operated . 
In any case, a genetic scheme is c lea rly the most useful one 
for a study of origins in spite of uncertainty in st a tus of some 
terms, such as eugeosynclinal. In these notes , a three-fold 
scheme out lined by Cook (1976: geosynclinal, platform, and 
weathered or resid ua l) will be adapted as follows . 

A. Marine 
l. Geosynclinal (Western States) 2 

2. Platformal and shelf-type (Pamlico Sound, North 
Carolina; Miocene of Florida). 

B. Secondary 
l. Residual (Tennessee brown rock) 
2. Phosphatized rock (Tennessee white rock ) 
3. Reworked (Florida 'river pebble') 

Hypothetical 'mode ls' for the various marine 
sedi mentar y-tectonic circu mst ances in which phosphorite 
appears to have occurred have been used in del ineating 
promising areas for prospecting, and may serve as aids in 
identifying essent ia l processes and cond itions. The models 
used to illustrate the fo llowing descriptions are drawn from 
described phosphoritic regions. 

A. Marine Phosphorites 

Phosphorites of marine origin are found characte risti c­
a ll y on former continental shelf or slope areas at low- to 
midd le paleolatitudes . The deposits are presumed to have 
been associated with the upwelling of phosphate-rich sea 
water in an environment in which sedimentation was slow or 
restricted . 

Both geosync lin al and platformal tectonic settings 
evidently were conducive to phosphate deposition. The 
'geosynclinal' sites can further be divided into 'eu-' and 'mio-' 
geosynclinal. 

1 The 'alka linity of seawater ' is a measure of the concentration of a nions of weak acids that are present in the water : mainly 
HC0 3 - , but a lso C0 3 - -, H 2 B0 3 - and others, as well as OH-. The definition of the term is: the number of milliequivalents of 
hydrogen ion neutralized by l L of seawater at 20°C . Measurement is ca rried out by the introduction of quantities of a strong 
acid (HC I) until an end point or equivalence point is reached , beyond which further addition of acid resu lts in rapid change of 
pH and conductivit y. The end point occurs at a pH of t+ .5 (see Li a nd Moore, 1966). The reader is here cautioned that in the 
present context 'a lkalinity' (of seawater) and acidity are not complementa ry, and high-alka linity seawater does not necessarily 
mean a high pH value. 

2 Examples are those noted by Cook (1976), McKelvey (1967), and Cathcart and Gulbrandsen ( 1973). 3 
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Figure 2. Sedimentological models for deposition of phosphorite. 

1. Geosynclinal Deposits (Models Ai, Aii) 

4 

i) Eugeosynclina l: deposits commonly associated with 
thick volcanogenic sequences; usually small and not 
economic . The only economic examples reported lie 
in eastern Sayan and in central Tien Shan in central 
Asia (Cook, 1976). 

Phosphorite occurs within a main ly clastic ­
turbidite, lower Paleozoic geosynclinal sequence in 
the Tasman Geosyncline of Australia (Fig. 2A) . The 
phosphates are associated with black shale and chert 
in 'belts' within the geosynclinal sequence; the belts 
evidently were related to fo rmer "anticlines . and 
structural highs" (Howard, 1972). Model A1 of 
Figure 2A iJJustrates a possib le sediment.ary­
tectonic situation within a geosyncli ne : a pos1t1ve 
tectonic element presumably would result in rework­
ing of phosphatic sediments and 'condensation ' of the 
stratigraphic section . Nu trien ts may have come 
both from rivers on the craton and from oceanic 
water. 

ii) Miogeosynclina l: deposits characterized by. associa­
tion with chert, fine organic-r ich a rg1llaceous 
sediments, a nd ca rbonates, particularl y dolom ite . 
The phosphori t es are generaJJy pelletal and extend 

ove r wide a reas, with a high phosphate content 
throughout. Examples include the Western States 
phosphate field in the U.S. (Phosphor1a Formation) 
a nd those of Karatau in south Kazak Republic of the 
U.S.S.R. 

The Permian Phosphoria Formation occurs at a 
flexure zone between a stable shelf and the 
Cordilleran Geosyncline (Fig . 2B). Winds, latitude 
(hence, climate) and presumed ocean cu rren ts 
resulted in nutrient-rich water rising onto a shaJJow­
wa ter shelf region with little elastic sedimentation. 
Reducing conditions are suggested by a strong 
association of phosphorite with organic-rich beds . 
The 'Phosphoria Basin ' was roughly ellipti cal, flanked 
by low-lying, emergent landmasses . Most sediments 
from the c raton were trapped, presumably, in 

lagoons c ra tonward of the miogeosyncline; fine 
material introduced by a ri ver system to the north, 
however, was carried by longshore curre nts into the 
miogeosynclinal basin and the zone of phosphorite 
deposit ion. 

(McKelvey et al., l 959; Sheldon, 1963) 



2. Plat form De posits (Models Bi, Bii) 

Phosphorites occur as both discrete pockets and 
extensive sheets on or bordering cratons . Various strati­
graphic and structural conditions appear to have provided for 
phosphate deposition so that a wide range of sedimentological 
features is included. Two main sites may be favoured : 

i) Cratonic basins : deposits discontinuous, or as thin, 
low-grade beds covering large areas; ore may be 
within the sedimentary basins, on the flanks of 
uplifts, or along shorelines. Phosphorite occurs as 
pelletal, nodular, and massive rock with either a 
quartzose or carbonate matrix . Limestone, 
dolomite, shale, glauconitic sandstone, and quartz­
siltstone are associated . Shallow-water features 
such as c rossbedding and scour structures may be 
present, and from certain fauna! remains it has been 
inferred that water depths were only a few tens of 
metres. Winnowing due to wave action and currents 
along shorelines and structural-topographic highs 
resulted in condensation of the sections and 
enrichment of the phosphate deposits. 

The Miocene Pamlico Sound deposit of North 
Carolina and the Late Cretaceous Mishash deposits 
of Israel are examples of relatively rich pockets of 
limited area; the Cambro-Ordovician deposits of 
central Australia (Georgina and Amadeus Basins) are 
thin, low-grade beds that extend over large areas. 
Other platform deposits include those of the Moscow 
Basin of the U.S.S.R. (mainly Jura-Cretaceous) and 
the Ordovician and Carboniferous sandstones and 
shales of Minnesota, Arkansas, and Tennessee. 

The Moscow Basin, from an early description 
(Bushinskiy, 1935), fits the 'platform' model for 
phosphate deposition. The basin is characterized by 
gentle dips and thin phosphorite units (up to 0.5 m 
thick). The phosphorite occurs as a cement in 
rounded nodules of quartz-glauconi te sand. The 
phosphate is supposed to have grown at intervals in 
water of no rmal salinity; phosphate replaces calcite, 
aragonite, bones, and calcareous she lls and tests . 

The Georgina Basin of Australia (Fig. 2C) was, in 
Middle Cambrian time, an epicontinental and shelf 
'arm' branching from the Tasman Geosyncline . The 
Georgina Basin lay within 10° latitude of the 
equator at that time . Phosphorite was deposited in 
a shallow, partly barred embayment contempora­
neously with offshore ca rbonate rocks; phosphate 
deposits are distributed along the edge of the basin 
and over basement highs. Restricted conditions in 
places are indicated by da rk carbonaceous siltstones 
and bituminous limestones but the phosphate 
deposits themselves are marked by oxidizing 
conditions as indicated by phosphatized and siJ icified 
coquinas and crystall ine limestones, and by light­
colou red, fine -grained phosphor ite (Howa rd, 1972). 

ii) Stable Shelf : phosphatic limestone or sandstone and 
diatomaceous material sometimes present; generally 
of low grade and only economic when reworked or 
winnowed by currents. Ore occurs in basins or 
structural lows on the flanks of domes or arches that 
were rising at the time of deposition . Ba rr ie r 
islands were built to seaward by longshore currents, 
with sediment and possibly some nut rients supplied 
by large rivers. Deposits of this type fo rmed along 
the eastern coasts of North and South America 
where wind-driven warm ocean currents and the 
outflow of su rface waters at the mouths of large 
rivers resulted in countercur rents or upwellings of 
deeper ocean water. 

The Florida deposits (Fig. 2D) provide the model 
for this type of deposition. The following processes 
appear to have taken place: uplift along the Ocala 
Arch in Miocene time resulted in shallow water, 
emergent land, and barrier islands built by longshore 
currents; phosphorite formed as a thin blanket in 
shallow bank areas behind the islands; tidal currents 
and storms repeatedly broke up hardened 
phosphorite mud to form fragments or intraclasts; 
the intrac lasts were transported away from the arch 
and redeposited on the shelf. The phosphorite was 
concentrated or 'upgraded' in places during transport 
and redeposition . 

Uplift and erosion of the Florida marine deposits 
took place in Pliocene to Recent time to form 
extensive "reworked" phosphor ite in fluvia l, 
estuarine, and lagoonal environments. In addition, 
many deposits have been enriched due to weathering 
and movement of ground water (Freas, 1967). 

B. Secondary Phosphorite 

1. Residual Phosphorite 

Many sedimentary phosphate deposits - particularly 
those of the platform type, which may never have been 
deeply buried - have been subjected to weathering for 
prolonged periods. High-grade phosphate can result from the 
leaching out of more soluble components (usually calcite) to 
leave a residua l phosphorite. The Tennessee 'brown rock' 
deposits are an example; these deposits were derived from 
several more or less phosphatic limestone formations of 
Ordovician age (Mansfield, 1940). 

One might expect to find buried residual phosphorite (as 
'subcrop') in certain basins, associated with unconformities. 

2. Phosphat ized Rock 

Phosphates from overlying phosphate rock or guano may 
be carried downward by solution under tropical or subtropical 
conditions to precipitate as phosphatic minerals in a lower 
pa rt of the weathering profile or in underlying beds. Apatite 
is usually formed in carbonate rocks ; igneous rocks or clay 
may react with phosphatic solutions to form iron -aluminum 
phosphates: e .g. strengite, crandallite, and wavellite. 

The Tennessee 'white rock' deposits are examples of ore 
formed by redeposition of phosphate ions; in this case, the 
sou rce rock is a sandstone member of the Chattanooga shale 
of late Devonian or ea rly Mississippian age and the host rock 
is an under lying limestone formation . Phosphate minerals 
formed both as fillings in openings and by phosphatization of 
limestone (Mansfield, 1940). 

3. River Pebble (reworked) Deposits 

Phosphate nodu les and pellets may weather out of 
phosphatic beds in a humid region of low re lief; reconcentra­
tion of such phosphate nodules by stream action can result in 
ore grade phosphate rock. Reworked deposits of this type are 
commonly nodular and a re gene rally mixed with coarse, 
crossbedded quartzose sands . The phosphate bodies are 
typically lenticular and fill depressions in underlying forma ­
tions . The phosphate in the Pliocene Bone Valley Formation 
of Florida is de r ived from the Miocene Hawthorne Formation. 

(Cook, 1976; Cathcart and Gulbrandsen, 1973; 
Gulbrandsen, 1969). 

EXPLORATION FOR PHOSPHORITE 

Phosphor ites, as noted earlie r , are generall y featu reless 
rocks that a re easily over looked. The rounded, structu reless 
pellets or nodules characteristic of some phosphorites, 
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however, aid in recognition. Phosphati zed bone fragment s, 
faecal pellets, and fish and sharks' teeth may be present, and 
glauconite is a com mon accessory mineral. A bluish to white 
'bloom' on the surface of the rock is an additional clue at the 
outcrop. Organic-rich phosphorites give a bituminous odour 
when struck by a hammer, and high-grade phosphorite may be 
distinguished by a fair ly high specific gravity . 

Phosphates may be associated with distinctive rocks 
depending on the geological setting or type of deposit: in a 
miogeosynclinal basin, for example , phosphorite is cha racter­
isticall y associated with a black shale, chert, and carbonate 
suite of rocks; associated rocks in a platform setting include 
light-coloured quartz-siltstone, sandstone, and shale, a nd 
glauconite a nd phosphatized coquina may be present. 
Breccias and conglomerates can be guides to seconda ry 
phosphate deposits associated with an unconformity in a 
stratigra phic sequence. 

Geophysical techniques using radiometric instruments 
can a lso be used in exploration for phosphates: marine 
apatite usual ly contains a small amount (0.001 to 0.065 per 
cent) of uranium and the gamma radiation from this 'tracer' 
element can be detected by scintillometer or gamma-ray 
spectrometer (see McKelvey and Carswell, 1967). 

E:rploration Programs 

Undiscovered la rge phosphate deposits will almost 
certainly be marine phosphorites; a sea rch for such rocks 
should begin , as outlined by Cathcart and Gulbrandsen (1973, 
p. 523 ), with identification of promising marine sedimentary 
basins, the most favoured basins being those similar to one or 
another of the 'models' for phosphate deposition. A 'formula' 
for prospecting and discovery us ing this reason ing was 
developed by V.E. McKelvey and R.P. Sheldon of the U.S . 
Geological Survey from studies of the Phosphoria Formation 
of the western United States. The ir scheme was particularly 
applicable to the miogeosynclinal (or 'Phosphoria') type of 
phosphorite; similar programs for discovery of other types 
(e.g. shelf or c ratonic basin) were de rived during later 
application of the first 'formula'. 

The 'Phosphoria fo rmula ' of McKelvey and Sheldon was 
based on the supposit ion that phosphorites form nea r strong 
oceanic upwellings in specific paleogeographic settin gs, such 
as that of the 'Phosphoria Basin'. A reconnaissance survey of 
a suitable or potentially phosphoritic sedimentar y basin 
begins with a search of oil well logs and rock collections for 
gamma ray activity and phosphate content . Finally, 
promising formations are studied in outcrop or a re sampled by 
drill (see McKelvey, 1963; Sheldon, l 964b) . 

The formula of McKelvey and Sheldon was tested and 
proven in Turkey (McKelvey, 1963; Sheldon, 1964b) and has 
been useful in the discovery of phosphorites in Peru, Saudi 
Arabia, Australia, Indic:., and Columbia (Sheldon et al., 1967). 
In Australia, however, where many sedimenta ry basins were 
epicontinental or were shelf-type and adjacent to a geosyn­
cline, it was found that phosphate deposition was related to 
former a reas of shallow water deposition such as along basin 
margins and on syn-sedimentary basement a rches. Even in 
the Tasman Geosyncline, with its volcanic and flysch facies, 
it was concluded that phosphate deposition (albeit of the 
black shale-chert suite) occurred in belts of "chemical 
sediments" associated with geanticlinal ridges within the 
tectonically complex geosyncline (see Howard, 1972). 

A search for phosphorite in a eugeosynclinal region does 
not appear to be a promising venture, although economic 
deposits of this type are reported in central Asia . Belts of 
chert an d black shale in the large, volcanogenic geosynclinal 
region of the Canadia n Cordillera may be phosphatic, 
however, as in the Tasman Geosyncline, presumably at least 
if the sec tion is 'condensed' . 
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The black shale-chert-carbonate suite of rocks 
characteristic of phosphorite can be delineated in recogni zed 
marine basins from geological maps a nd from oil-well 
cuttings. Gamma-ray logs and chemical tests can be used to 
identify phosphatic beds in the sedimentary succession 
(Sheldon, l 964b). Numerous textures are present in 
phosphorite of this type: pelletal, oolitic, nodular, pisolitic, 
bioclastic, and coquinoid. Fish remains a re usually present, 
and phosphatic brachiopod shells a nd phosphatized calcareous 
shells may also be found. The che rt beds may comprise 
various siliceous organisms, a product of silica-rich upwell ing 
water. Sedimentary fe atures often suggest shallow-water 
deposition and winnowing action . The phosphorite-bearing 
formations are generally not over 100 m thick. 

The facies association of miogeosynclinal phosphorites 
also can be used in directing exploration. The phosphoratic 
rocks pass into basinal black shales in the direction of the 
former ocean, while phosphatic ca rbon ates , cherts , saline 
deposits and red or light-coloured shale or sandstone facies 
may be encountered progressively 'shoreward '. 

A search for phosphorites of former marine basins in 
cratonic regions (continental interior or stable shelves) would 
be directed along two lines : structural and facies. The 
deposits tend to occur on the flanks of structural highs with 
abundant evidence of shallow water and reworking of 
sediments: crossbedding, scour features, and shallow-water 
fauna. The phosphate occurs as phosphatic limestone, usually 
of low grade unless naturally e nriched by rework ing or 
leach ing. Associated rocks include light-coloured quartz­
siltstone, sandstone, a nd shale . Glauconite may be abu nda nt, 
and phosphatized coquina may be present . 

(Cathcart and Gulbrandsen, 1973; Sheldon, l 964a; Hale, 
1967; Sheldon et a l., 1967). 

Phosphate Provinces 

It has been a rgued that there is a cyclicity, or at least 
that there are worldwide maxima, in the deposition of 
phosphorite (Strakhov, 1969). Others, however, dispute this 
and suggest instead that phosphate, always present in the 
oceans, precipitates in response to favou rable local cond itions 
(see Cook, 1976, p. 507; Bushinskiy, 1969). In any case, data 
do enab le phosphogenic provinces of various ages to be 
outlined on each continen t. Some of these a re: 

1. a late Precambrian province in central and south­
eastern Asia; 

2. a Cambrian province in centra l and southeastern 
Asia , extending into northern Aust rali a ; 

3. an early Paleozoic (Ordovician-Devonian) prov ince 
in the eastern interior United States; 

4. a Carboniferous province in the eastern United 
States; 

5. a Permian province in western North America; 

6. a Jurassic-Early Cretaceous province in eastern 
Europe; 

7. a Late Cretaceous-Eocene Tethyan province in the 
Middle East and northern Africa ; 

8. a Cretaceous-Paleocene province in southeastern 
interior United States; 

9. a Miocene province in southeastern North America ; 

10. Tertiary provinces on the western borders of North 
America, South America, and Africa. 

Some of these provinces extend for thousands of 
ki lometres; note, however, that the or iginal form and extent 
of the older provinces may depend upon continental 
reconstructions. 
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Figure 3. Som e phosphogenic basins in Canada and nearby areas. 

In known phosphori ti c regions it is usua lly clear that 
beds of ce rtai n ages a re non-phosphatic whereas beds 
represen ting othe r times of origin conta in minor to 
substa nti al amounts of sed im enta ry apa tite. In an earl y stage 
of exploration one would distinguish mainly bet ween known 
'presence ' a nd 'absence ' of phospha te to delineate favou rable 
basins or favourable strat igraph ic leve ls and sedimenta ry 
trends within basins. Such a sc heme was fo ll owed in a recent 
exploration program in Aust ra lia (see Howard, 1972); the re, it 
was known that phosphate was present in minor amounts in 
the Proterozoic and Cambrian, and in greate r amounts in the 
Ordovician, Permi an , and Cretaceous successions, whereas it 
was evidently a bsent in Siluri an, De voni an, and Ca rboniferous 
beds . 

The western Canada Sed imenta ry Basin conta ins 
phosphatic beds of Mis sissippian, Permian, Triass ic, Jurassi c, 
and Cretaceous ages . These beds form a t least two 
phosphoritic provinces: a late Paleozoic province , apparentl y 
a northern extension of the 'Phosphoria ' prov ince of Idaho , 
Monta na , a nd Wyoming; and a Triassic-Cret aceous province 
of western Albe rta and eas tern British Columbia . Cambro­
Ordovician beds of the St. Lawrence Lowlands and 
Appalachian region appea r to fo rm a third phosphogeni c 
province in Canada. Phospha tic beds a re also known in 
Manitoba (Cretaceous), in northern Yukon (Lower 
Cretaceous); and in the Canadian Shie ld (Precambrian) (see 
Fig. 3). 

(Cook, 1976; R.L. Kenn y, pe rs. comm.; British Su lphu r 
Corporation, 1971; Howa rd, 1972; Young, Myhr, a nd 
Yorath, J 976) . 

AN EXPLORATION PROGRAM FOR CANADA 

The principles desc ribed for exploration fo r phosphate 
rock can be app li ed to Canada ; the steps in an exploration 
program might be: a ) identification of marine sedim e nta ry 
basins; b) selection of favou ra ble basins from conside ra tion of 
'mode l concepts ' for phosphate deposition; c ) survey of rock 
co llect ions a nd well samples and Jogs; d) study of se lected 
fie ld a reas. 

A study of roc k co llec tions a nd other data can inc lude 
the fo ll ow ing act ivi ties : 

i) a stud y of ex isti ng ae rial radiom e tric su rveys ; 

ii) exam ination of gamma logs of exist ing w ells; 

iii) scanning (by scintillomete r) of existing sui tes of 
rock from stratigraphic sect ions, we ll c uttings , a nd 
pa leontologicaJ collections; 

iv ) chemica l test s on collected materi a l. 

Fi e ld surveys of suspected phosphoritic a reas would 
in c lude examination a nd t esting, both by scintillometer and 
che mical reagent (ammonium mol ybdate ), of se lected 
st ra tigra phic sections; diamond dr ill cores would be Jogged if 
accessible . 

The geometry of the sma llest ident ifiab le, or 'unit ' 
bas ins and their place in ma jor geo logi cal regions such as the 
Canadian Cordi Jleran GeosyncJine or the Western Canada 
Basi n is critical in evalu a tion of a ppropriate sedimentary 
'models' . The presence du ring sedimentation of relatively 
positive a rc hes or geanticlinal ridges is ev identl y impor tant in 
'platform' types of phosphate deposition, and such struc t ures 
should be taken into account. 
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Figure 4. Paleogeographical and sedimentological diagram for Middle Cambrian time in Western Canada 
(based on figure, Douglas et al., 1970, p. 377). 

It cannot yet be assumed that phosphate deposition in 
Canada was limited to ce rtain geological periods, except in 
the context of spec ific phosphogenic provinces. Phosphorite 
is reported from beds of nearly eve ry age in North Ame rica 
(see Fig. 3) although certain intervals, such as Cambrian, 
Carboniferous, Permian, Jurassi c and Cretaceous, appear 
from present data to be most favourable. 

The 'testing against models' of Canadian marine 
sedimentary basins for which former latitudes, wind and 
c urrent directions, and paleogeography can be determined 
might be ca rried out by means of a series of paleogeo­
graphicaJ maps, each map representing an interval of 
geolog ical time, or of sedimentation . A published, smaJJ­
scale paleogeographical and sedimentoJogical map for Middle 
Cambrian time in western Canada (see Douglas et al., 1970, 
p. 377) can serve to demonstrate how Canadian basins might 
be tested against the hypothetical models for phosphate 
deposition. One can c:ompa re a diagram or 'ca rtoon' (Fig. 4) 
constructed from this map with the models and suggest, for 
example, that sedimentary-tectonic conditions in the Alberta 
Trough may have conformed to Model Aii (Fig. 2B) . 
Phosphates may have formed, oceanic and climatological 
conditions allowing, near the hinge line in the eastern part of 
the trough. Other possible sites for phosphate deposition, 
such as near the former shoreline on the craton or on the 
flanks of the Peace River Arch, might also be considered 
(i.e., conforming to Mode! Bi, Fig. 2C). In the north, the 
presence of tectonic highs and an evaporite basin (Mackenzie 
Arch and Trough) may be t aken as features that conform 
favourably to Mode! Bi (Fig. 2C) so that phosphorite could be 
expected on the highs and nea r shorelines. Some essential 
characters of the models (e.g. the chert-shale association of 
Mode! Aii) are evidently missing, however, so that suggested 
probabilities for ore-grade phosphorite at certain sites can be 
lowered. On the other hand, the presence of glauconite in 
many of the sediments of the LJoydminster Embayment 
(Douglas et al., J 970, p. 384) is a favourable sign following 
Mode! Bi . 
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