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On Natural Phosphates.*

-tyJ. t.asaWausF.C.S
Wlen your P'reaiadent amaat Treasuarer rlii ste the hornor iro

reaquts ,aae .o read a paper on " Phaaspates " before tire
Otrwa Fieli Naturalists. <lb I laesitatea in complying

"' lPholates" in a gnrital way,ne we empaloy the
wora in thi locality, iamiplies tire crystallized Minerai
Apatite »o ablundant in certain Partsof rur .aareatiant
frmation. The gooI oark done ly the Geological
Strvey, has from tiae ta time, throuagh its Oicers, kept
us awcll isforel of the i>calitiesaa 1and pcliarities of
-occurernce of the Canadiasr niatite, ia valuiable contri-
butions froma tae iens of Sic Wrrr. L.sgan, Sterry i lus,
Vennor, Dr. Ico. Dawson, Torrance, Dr. Rloblt. leI
and olacr. At stae present tiar. i aaeicrctandal that %Ir.
Isgals aal, who ha. ta ben in charge of a special stdaiy of
oar Canadian aplatite icids, is abts to terminate and
puibliah lis preminary relport, sa wiih deference tr tais

p, tunti and approaching publication, i could not
pre:sane tu uaiecrtake a papcr purely un Canadian iho-
tiates or alattes ns ssas larolsel, but thought it mlliglt
be acceptable te our mercmbriers here t. give threir attention
Ita Mre estaierdet and general coniadration of natural
mieral phosaiates, and hence tire title of ay papier tris
-evenmrag, rrstaeaal of beirg "Canaiasi Apatste " is
" Natral Phosphates ' ins a more geaneral way. \aY
present occationars present rame farm givng much tairae
and stuty to tie preparation of this work, but if ly rsame
generations of facts we c.n awaken a laealthy dia.
cussioan ad echange of ideas, smy humble attenpt wdls
not ias e ieen uaseles.

Natur aar.1 s phosphates owe their commercial valre so tIre
proporttion of phophoric elemrrent cantainerd in tires, anal
ase emptaied as ra matteral for the manufacture of
phrlhatic fertilizers, being alio somaeties apprliled in
sire satura anal raw stage iarsct te the soi bry tIre farmaer.
They are al in demaand for the manufacture of phos.
phorus, bakin naders, and soame oiter elachical
prodtucts. Ily ?ar the greatsct diand fer themr, however,
ts marie by the manufacturers for agricultural requircmaaents,
and this dermrand is yearly incrcang ns a ver) raald rate.
The occurence of natural phosphates; presents the maost
variedl ama interesting modes of formation. as may be
surmrri.ecd by tinding tieir desersits nos only in nearly every
.gelog.il systests but in many rshfierent groups of the sane
systema • Now in h-ls, wshicha rmay be, trave a fresh water or
meane orgmu; now appearng as hardened congloeracate
or rucks; and somrretines as s.anad and boose gravel: then
agamo an vean fiarmation or pockets. sometimes amorphors,
as other tiaes crystalised.

In the satter of texture, coloar and oiaer physical
ciaracters, we i'd the saure endler. variation.

The origin raf the demand for tihese trhosphatizeda
protucts as comiratively of recent date. it was only' in
the co.nmucueenet ai the >rcent century ahat crushedl
banes w e emrployed as a crtilizer sn agriculture, and,
strange tu say, only thien on account of the gelatine or
organme matter they might contain '

Tie followang cunrous îsnarnt, which alpiearel in a
scentaigr journal mu the year 1S30, npropos of site cmplay-
ment of crushel Iones in England. exjosed thire ignorance
on athe sulject as that day, and read as follows: "* As to
the carthy msatter or pirrsphare of finie containedl in the
tbonc., wac may disregared it a is insolubltre and indes-
sructible, and ,arano enr.ac as a snaauyer, even in a dami
soil, and je inmedirte contact with the rooilets of
tire plant."

Tie sugg:stion of L.icbig, to treat the bones mith
sulphuric aciri, opcnel ne cr era so the utilisation of
phophatic matersils in agriculture, anal tire manufacture
ft artiicail manure was soon estabilisihe.
Thre illustrious Fr re 1i eaumeon ihu< epresserl laistelf

waith regard s. the eom.nrencemer of tise mining or
mnerai phroelahates. "Colbert has said tirat France
would bc lost for want of forcsts, and eccryonre perceives
at without coai, his prelictsion woulai soon bac n.

<omplîlisher.t In his day, one wsould have failedi to
comprhen hw a great country mrighi iisalpar."

Natural Phosphatic Deposits.
Thse valiabtle provisions of nature arc the resait of

various causes and agencies taniliar to the geological
orscrvcer, and their cnatainea phosprhoric aciri ismostlylue
tonninal life tand iren wesay "duc" to animai life we
wish to imply tirat animal life is the assimilating and
cncentrative mediun of pe-e.rùnting: phosphoric acid.
Whiether as sca and fresh water shells, as fish and animal
lancs, as excreta of btirds and saurians, etc., animal
rrganisms hasc baen fron she beginning cf lite, and still
.re, the silent but mighty laboratory of nature, never

csting te crliect and sore up re rlisiersel molecules of
plosphrntr acif. Among such arc the guano bedrs of
recent lechs, copjrohtic deposits, loe beds, shell
lcds, etc.

Naturc's operations of brangrng these naserials or their
rdcbris utgetiher so foro whole geologicai arcas are cqually
variol, bu the esturarics and deprressions of the sca
bottoms cf the diffcrent and respective geological Ieresods
arc recarn, ized to lavce been lite rcceptacles or store
houscs ofthese monderful supplicsi. A curicus rispofsition
to concrelionary action, <hsilayedi by nuclei of certain
organisms to. nrsorib anal accumulate phosphatic masier,
with which the anciens eabonded, is mure casily seen
in ils cffects ihan scxplain:a.

Such i% te origin of many odd sprecies of noiuales, sonie
varities of which exist in immsrense quantities.
. TirE abrupt ar ir ceptible, Irt never ceasing apera'
tions of geological rearrangentent, followc the aforce
mrestionei accumrulatios, and se tien have acew toams
of mrineralizel phosphatic maatter, giving rise to con.
glomaerrties, breccias, plhsphatic limrestone, sihells and
amrais. saniy and ablation diesjiOits, etc., and msanat of tie
known natural dpclursits of maineralirel phos >iate diilay
examples of two or more of tirese proucts. Fr instanace,
tie ierplexiiies exirienced just now wcita samlle of tie
exploratory w torking rf she lately discovered Forida
deposits, arc chiefly occasionedq ly the character of these
beils containing boulders, and nodules Irom prea cize te
mases of several hundred loundt. in weight, fich bones,
lark teeth nuit fossil ternes, se fact debris froa seeral
eologrcal epocihs, cach of these mtraterais naturally varying

.a tir purity, adii therefore tieir commercial value, se
tIrat Ilhe molure successfutl enterrsses may ie looked for
where regular nasa homore gencou.s deposits occur, or soe
clant and eficient nechanical means are applidti fur
tIe seiaration of the miarketable products fromt sie lest
valuale ar worthless intermirsxturres.

Tire clatsiication of natural phophiates of liaie ss, as
remraked by Dr. lenrose in Bulletin No. 46 of tie U.S.
Geoloagical Survey, "a smratter attentl with many diff.
culsies, not only cn account of the great variety f fora s
in which phosphate of fiare occurs., but as ietcauàse maany
varneties irienai tu une anather, tius ofiten rendcerng si
uncertain to wshich clas a special deposit shouhl bc
referreti" and he aadopts sire fullowing classification,
basel mrainly on tie ci i e.ial compsition of the dleosits,
and groupdcri undaer the leadings thus:-

MNFN.R,% A t isvil TE. ..1fmritr. /te-ftls

\1'aaoshor.trs. Chalor.-Ajttce.
( J( /.rsa Nainics

Amorphous Na iiles. ceeted acon.
r glomieraics).

P /osphoric /itneriie Beds.
(Sollible Gutanos.

I. cathed Guanos.

Wc shall recognize, as we proeed wi aish the tudy f the
various phosphatic deposits farmed during the dtifferent
geologic preriods, tiat lby far the greater part owe their
org.. tu animal or organic renains. and wce shall sec that
assoon as the organic oipounds ofa gano, for example,
are dissipated and resolvel into their clements, we cray
consider thnt the residual products, te ail intents and pur.
hposes, revert Io the mmcral state, in accordance wnith the
famniliar expression "carth ta carth."

Ve pass over, for the present, the guano of various
localities. which however, will tae observed to lie mrrosily
wathi to ta 20 diegrees of the Fluator.

Ve shouid recembrirer, howeer, tlat this product has
proibably obtainel its zenith, bhir as to qluality anal
quantity, anal grast ceaie its commercial imporance
uitinatch. to the minerai tesoures cf pshosphoric acid,
whichr are before us for our more particuair consiiecration.

Wc shall final the diagran on the wat, which shows
the appruximale geological position or age uf the different
phosphate deposis. very useful to our iresent pturpote,
anal we will commence with the more recently formed or
minecralized products:-

Occurrence of Natural Phosphates in the Geological
Epochs.

',sat Tertiary or Quarternary ysiem i.

True guanos.
Crushel et "leachel" guanos.
West Indian and P'acific phusplaates.

ertiary System:
West Inlian Rock Phosphates.
Nasa or Lahn nodular concretions.
Suffolk Copjrolites in tie Rel crag anal Corallinecrag; (teposing n Lower Eocene).
Srauth Carolina bieds, resting li Eocne.
Depasition of Florida phiosphîIate, rt'ris and organic

remaîns.
Norti Carolina, ovcrlying Eoene mari.
Fundamental rock of Floridia phosphate dieposis.
Clays and debris of lordeaux ihosphates.

C,.eteous Systemrn:
Ilelgian (Lirge) Ileslirye nodules.
American Alabama amnorphons nodules.
Newe Jersey maris.
Hlelgian (.tons) Ciplynodules (MN:stricht relds).Somme . eposiis, arenaccus ana nodules.
Russian " Samrol nodules Desna-Don.
Cambridgeshire and liedfordlshire Coprolitcs.
French cdlules of Ardenncs, 'leuse.
French nodules of Montpellier and llegrale.

Oolti or fuarasie Systen .

iordcaux Ihosphorites and nodules overlain ly
Tertiary (Eocene) clays and dehris.

Algerian Phosphates.

T'assic Srsen -

IIighly hosphatic bedis, (Ietween Trias and below
Lias), containing exuie of Iuge reptiles ns Weil as
remains of fish and crustaccans.

* Paape read laerebh Oua Fict,5 Naturali.t,' Clurb.-
lJcan itaiste Coiet, bom a69, Stinister or Finance Iol.ous XIV. (Appearance of Reptilia.)

Carbonifemruis System.:
(Appearance of Amphibia.)

J):renariani or 01J Red Sandsfonte:

Ili bly phosphatic beds in junction with Lomer
carboXniferouis.

Ilbghly phosphatszed bed in Shropshire, containng
Oldest known remains oaf vertebrate lire associated
with crustaceans.

Silurianra. Ssten :

(Apprearance of Vertebrata.)
Welsh liala beds; liersyn 'hosplhate mine.
Lingula flags (fuIebec), 40% Tribasic.
Angers tates (Firance).
Ihosphate limestone of Kentucky.
logrosan (Spain) hlosphoriies. (Apatites?)
Caceres (Spain) lhosphorites.
lortugal ihosphorites.

Camiaan Syster: :
(Appearance of lrotozoa, Mlollusca, Annuloiala and

Crustaca.)
L.aurentîan: Systen:

Canadian Apatite.
Norwegian Apatitc.

Thus rt the iresent time, we have minerai phosphates
of lim in process of formation, and principatty knowt in
commerce as; "Irust Guano."

Looking at the chemieal composition of average bird
guano, we find il :r be composed of tihe following con.
stituents:.-

Moisture........ .... ................ 15.8
Orgaet; matter and Ammoniacal Sats...- 52.5
Phosphatesof Lime.................... 19.5
Plhospahatest of Iron and Alumina........ 3.1
Alkaline Salts....... ................. 7.6
Silica and Santi.................. ..... 1.5

This ty .ical analysis is from she average of i5 samples,
maie y 'esiat on the Chinchas inland guano.

An elementary knowledige of chemibtry will assist us te
ierceive what a large proportion of the above consrituents
will be leached out by water, or dissipated ly prolonged
expîosure te ordinary atmrrosjheric influences, especially
when we renenîber that the organic cratter above men-
tioned comprises uric, oxalic and phosjhoric sats of
alkalis and ammonia, uad even about one.third of the
phosphate of lime is found to be soluble in water. Given
a deposit of ;uano on a limestone soit or rock, and it is
reaily paerccsael tias ecery shower will contribute to the
sieady but continual process of the transmutation of the
carbonate of fiie into phosphate of fime in consequence
of the discharge of the weaker carbonic acid by the
stronger phosphoric acid.

The exhausted guano then becoames phosphatic in dis-
tinction teo being nirrgenous and ammoniacal ("ileacedai")
and the subjacent limestone unaiergoes a etamorjahosis,
by a double decomposition, into phosphate of fime. If
the abisorbing limestone is aure, the phosparate of line
thereby forned will bc correspronadingly pure; and on the
other hand, if the calcarcous rase is intermixei with clay
or sanai, or ferruginousa mraterial, the newsly formed plr.
due will contain alumina, silica, oxide of iron, etc., in
like proportions.

Such has lacen the undoubted Origin of the deposits of
Arubn rock phosphates, sanples of which arc on the
talle, and which are tylaical of this kind of netanor.
phosis, and wili serve to illustrate many sinailarly formed
depoasits, notably those of Curacao, Sombrera, Navassa
and Redondo, (ir which latite case the suiai mvust have
bren aluminous, since the tineral Es a phosphate of
alumina).

In some cass, the iihosphatic principfle nay have lIeen
derived rom animal deis, such as banes.

The composition of animal bones varies sosmwIat. ne.
cording to ahe animal furnishig them, and ecves with tiae
prticular arnt of the same animal, but sire following
analysis, expresscre in zoo parts, tray bc taken ns an
average :-

Green lBone
Bones. Ash.

Moisture .
Organic crater. . 33 (gelatine)
Ilhospalate o Lime.... 56 170/75%lhosphate of Magnesra. 3 j
Carbonate of Calcum... 3
Alkaline Salis......... 4
Silica................. -

The bones of lirds are Cven richer in phosphoric acid
than those of ranmals. but bones of the Amioo/sta and
frih contain less than those of birds and mamnials.

Amongst other animal organismas rich in phosphoric
acid or phosphate of lime, may bc mentioned certain hcli
fishl, or rather tiheir shclI remains, uotably the shels of
fingaul and Orbicula, whcla consist for thz. greater parn
o phosphate of iime, and are founr in accumulated beds
in the Lower Silurian racks, breing thus describdcr by Sir
Wm. Logan (Geology of Canada, 1863). Those coming
fromn site Crazy formation ns Alumette Island let after
calcination, 61% of fixed residaue, conaisting of:-

lhosphate of Ume ........... ........ 85.7
Carbonate of Lime................. i.7
'Mignesia....... ..................... 2.6

100.0


