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And analysis of the original îmaterial gave as follows -

Aluumette.
Phosphate of Lisma.... 36.38
Camboate cf Liume,somme

Fluorine............ 5.00
Carbonate of tiagnuesia.
Oxide of Iron and

Alnumiina........... 7.02
Maignesia ... ..
Inisouhe............ 49.90
Volatile iy heat....... 1.70

oo.co

iawkes. liver
bury. Oielle.

44-70 40-34

6.60 5.14
4.76 9.70

8.6e 12.62

27.90 25.44
5.00 2.13

97.56 95.37
We iere observe as average Of 40% Of IIosIhate oflime. Itmwoud appear that Our knovleIge of site pors

tion of phospiatic eleient in similar animal remains is
very impierfect, s that spos further investigationis we
may egect me mcet with mllanity iler similar accumulated
mpplhies of phosphoric acid.

Some authorities attribute a large ortion of the phos.
phate of lime in the Charleston c ieis to such mollusks
and rincilally Lingjiu/la, py'ra:ntidata, whici are found

Slmabuatlly on the presenit ceagt.

Classification of NatuIral Phosphates.
I prefer for all practical purposos, and from rational

ibgersatnion, o moidify lhe classitication propsedi by Dr.
l'enrose, thus :-

m'.s.............. Fhor..Aprtiles.

ii/msphiortes.
Na//es, Coprolites.

MIIiALASI ROmaCK Pains- Concretions.
I Hiou.............. Conglonies.
:>ý 1%oisphatie imtrstone.
b JIjosphiatte .Maris.

1 Crust Guanos.

1, rnstous.tso. ..... .... ... Iiositalie, or u llaehed."
qat Guano.

iBoie Beds.
A:\at. Rm.m us. . Shell Beds.

,.4nùim excuvi.

We mwill now proceS to trace in a cursory way the com-
ierciailly known deposits, commencing with the miost

recent andI passmg siratagraphically in descendmig order
to Ilme imore ancient formaimiins.

Classification of Natural Phosphates.
Guanos.

Guanos are of two kinds. Nitrogenous, cr those con-
tammmg their orisial mmanurial quaîities, and pulsphatic
or " leaccel," the latter being in a more or less minral-
ized condnion by e.xposure to we-athering.

Actimonug the nmirogenous guanos We have Ihe P'ervian,
IchIboe, P.utagoman and Falkland IsIasnds.

The piouphatimc or weathcred guanos incuide those of
the Paciciaor PIolyncuasn Iblands, Sidney, Phenix, Iitar-
iruck, lhaker, llowland, Jnrvis, Enmerbury, Maidene,
L.acepeuie and Arbrolos Ishandi.

Sorme of thiese deposits are goure or less exhausted, and
new island. fmurnishmig similar products are from time to
time wsorkesi.

The Vest Indian guanosare froms Aves, Mona. Tortola.
Oher Suuth Aumerican are latos Islands, Megillones,

Rama.
Feromt Africa, Saldanta Bay and Kuria Muria IsIands.
1lat guano, the prodiucts fron the fluors of cavernrs in.

habited by lxts, have someutimies lcen sent to iuarket as a
rich fertihlzes. It is found nutabl in Cuba (W.1.) and mn
N>rtli jIorco. It pisesses.a chiaracteristic. dari. brown
color and eiibiting theunligesied paris if betles' ings
and insect de/ris.

Bone Beds.
These are found in nlcarly all sedimeentary' stata, fron

the Devenian up to tlhe present time, but with the appear-
acer of those remarkable eptsiia in the l'ermian age, we
find liat thmese kind of phosphatic provisions of nature
touk enmormius dleveloiments, augnmenting the resources
ptreviously fuimishedI by the mpjpli;iiaof tige Carboniferous
epoch.

Bone beds howevecr in their original siate, have
furnishedt littie to commercial supplies of phosphatic pro-ducts, cxcepting those found in the Tertiary and Quar.
lernary âges, such as Bhordeaux, Carolina, Florida und
Sombrero (breccia).

Shell Bemds.
Since these must have existed fri a time well into the

Pa1xzoic periods, or that is t say, from the Cambrian
âge, wve cmay expect and <ho fiti these mollusca remains
throiugh a o-ide range of systeims and strata and up te
recent times.

The Silurian LIngula beds are remarkable, and have
been arcad!y particulaticed as a probable abiundant source
of phosphmoric acid.

Tle Welsh Silurian ieds, and the French Bellegraie
and Ardennes leposits in the lower Greenrsand (Cretace-
mmcml), exhiit evidence of thisorigin, while theTertiary uni!
Qmuartenary phosphates coulain ve frcquently these
marine unmt uvatie remamus as a contribution te their
vltie in phosphate of lime.

Sosie very mutercsling specimecns are on the table fron
the Duich West Indies, containing from 75 to 80% of

triiasie phosphate of liame, und exhibiting in some cases
cime imass of shells belonging to recent times.

Coprolites
Ove tiheir iamme to lrofesr Ilenslow, sant should be

applied onlyto the fossil exuviemif unimas. The upella.
lion has extendll itself t îmany rolled or gravel y pro.
ducts, chiely found in the Cretacous formation. Inî
En1gland the have been wvorked to a large enient in lied.
forsi'mre an Camidgeshire, wherie they appmîear ini he
(Neocomian) strata, betweei the cialk and the subjacent
Jurassic system, in nodules and pebbles of size fromi a ie
lo a hen's egg, and onimetimnes cemented by ferruginous
saind into a hard conglomierate ; organic remnams are lire.
sent, and casts and fragments of fossils with abumance of
Amimomites, vegetable remains and other de/.ris of the
Jurassic epoclh (Iguanodon and Megalosaurus, etc.)

The commiercmtl products contain fromt 45 t 55%
phosphate of lime.

The Coprolites of Sufolk occur in the Tcrtiary, being
in tlhe elder Pliocerie (the Red crag and Corallinme crag).
The>y are ksoorer in phosphate of fime, more ferruginous
:,nd hirder îu texture.

France also possesses some deposits of this character at
BIellegrade, iear the Swiss fruntier, andI aiso ai eaont-
pelier and Avignon, yielding 54% tribasic of lime.

Nodular, Concretionary and Arenaceous
Phosphates.

These, i far te most important of nature's phlosphatic
reserve(s. comprisng as the) <lO the Sauith Carolinma de.
poiits, the French depmosits of the Somme, Ardennes and
Meuse, the lielgian fields of ons aid those more lately
opened upat i.iegeiIcsbaye). The socalled "liordeaux
Pmioslhates," bccause being formerly shiplped from that
port, but having their real origin ini the reion of Quercy,comprising portions of the deîartiments of the.Lot, Tare
and Garonne and Aveyron, also furnih a considerable
quantity ofnodular or ihsphatic concretions of kidney
siape of great purity (8S%) and curious gecokgical literest.
Thmese are weli representei by specimens on the table,
and coiming froim tle crevices lu the Oolitic limesitones,
accompimanied by deris of Tertiary age (Eocene), the walls
of the crevices or fissures being at the saine time incrusied
with phospioarite of a high mdegree of purity, attaining So%
of tribasic phosphate of fime.

We Imusit nt omit here the Florida nodular leds of
land and river formation, which are now enjoving sucm a
glorious boom.

As a pecumliarity of this lordeaux phosphorite, we mar
mention tait it contains a very appreciable proportion m
iomhlne. -

'lie Russian deposits, nituated between the rivers
Desna and l)on, occur in the Cretacecous systemu, ai about
the samile horizon as the Cambridgeshire coprolites and
may be described asenodular.

The Nassau or Lahn concremons in clay are ofTertiary
age, asti aihough nt exibmiummîng signs 0. organic remamus
are generliy believed le c cf -.aimmal Originu ; they' attain
6o to 7-/ u phosphate of linge, but ai tim ferrmginous to
be mîsuclh lu request for superlhohmmite manufacture.

The 1Ielgn iCply) depoims, mwhichi have fmmrmu hed
over 150,00 tons per annums of a 40 10 50% Product, is
of a nodular character, althougi the grains .re often s
fine as to be condmerc.l more correctly arenaccous.

The sauge may lbe said of the very regmarkablme French
deposits. md:scovered nlear Amiens n 1886, and kniownmu as
the Somme phosphates. These are granular or arenace.
eus, and to iis feature as well as te their richnmess
(65fSo>,) may be attribtedmci! the enormous develomîuent
which tiey have eniyed m such a short penmiod, attamng
the nnîual production of 2ooooo tons.

Conglomerates and Breccias.
Pmhoisplatic lieds may also assume these characters,

sometimes Iwith the cementg matenal as the phosphat:c
clemmeint, and ai oitherss mwh the enclosed' pebbles or angum.
lar fragments as tlhe vaiiablIe portion for commercial
supplies.

Thus the Cambridgeshire coprolite fields furnish a con.
glomierate <if phosphaicpcles, ceniented bly ferruginous
sand. wile ait the Ardennes tmtrict (F-rance) :s fournd a
peculiar uggloimeratioun of grnuilen of chionrte lu a phons.
pihtic cerment, tIme wvholc yiehiung 40 to 45% phosphate
of hme.

The Blelgian (Ciply) dieposits yici abundant supplies of
a ass -of phosphatic nodules, shells, casis and fossils,
cemented in a calcarcor s matrix, to uîtilize whici has
puzzlced the imechanical ingcnuity of many ai "ex.-
ploitant."

Phosphatic Limestone and Maris.
These are founîd in most strata fron the Silurian epech
down to more recent times.

The metanorphosis or transmutation of carthy caros.
aies ietopspales Isa very'imie and compa ratmvelyrapid process, and the evidence cf Dr. R. Ledoux in lme
followmng description is instructive. le says in a recent'
article un phoskilhates: "Some clients of ine sent a
ship to a curat island in the Southern Pacifice to bring
away a cargo of bird guano. The bairds were still in
countlems thousands. The captain hadl been dhere for ate0ad -0 ycars before, and since that tinge no guano laid
been removed. At his first visit the crew hai cleancd off
s space and mamie a house of corai rock, covering it with
a sail and hait useI it for a shelter and store.houise vh-il
at work . On îeaving, the sail wan lakes away and lme
weills and board floorlfl. On the return, 20 ycars after,
there uwas an average Iepih of 20 inches over the floor-
se inch a ycar. The underlying limesione was altered
mito phosphate for a iepth of several fect, but the conver-

sion of cabonate ino phosphate graum>all becamie less
pmrfect as deptIh froin surface was atiained.

I have olserved the same effect myself taking place in
the West Indies, where the surface of the corai rock is
scedily coivertedi into phosphate of ligme, viierever the
sea bairds arc in the habit of coingregating.

Such indeed is the simple ongin of sonme of the most
important deposits of phosphate in ilat part of the worild:
.e., Curacao, Sombirero and Arim, etc.

The prospecting and first development cf the latter
namîed! is.mnd having fallen go mmy own care and experi.
ence, I amî able to produce some intcresting specimiens.
here, illustrating very cIearly the mistory cf their forma.
tion by examination of their fossil organisms, originally
carbonate of lime (curai rock), and now seen to le, Ly
analysis, phosphate of lice of Over So'.

The deposits of Florida and South Carolina would ail.
pear to owe mutch ol thcier phosphatc wealth to deoris of
phosphatized limiestones and imiarls.

One of nature's operator , whiclh is a factor in) enriching
aready fermiiel phosphate beds, mma) be Iere alluded to,
naîîmely the pîropîerty of sprinig w%-aters (whlmich often
contaii considcrale lirolortins of bicarbonates nand free
cirbonic acid gas) to liseh"' necimatl carbonate of ligie,
eni whlmen prescnted to themin i apparentl' the imos.t
compact and imipemvie. miaterial. Such hias been lit"
orign of the miany îcmnarkable caves existing in the lhnmg-
stone rock formatisr... (Cheddar, Derby, Kentuck etc.>

This property, applied to a calcarcous phosphated
mauterial, swili m course of aime, ablate as si wiere, nore
carbonate than phosphate, and to dhis action is attributed
the salue cf many thousand tons of material in such
extensive beds as those of the Somme, Ciply, Liege and

probably af Florida.
W e speaking of these beds of the Cretaceous periom,

I ma m mention the recenît openinmg up of anotlier simiilar
field in France. I refer to that in the departmient of the
Pas ie Calais, which wvould appear t lie of the samie
nature as that of the Somme.

Apatites
Alithough crystallized phosphate of lieme is found as a

cosmponent of rock masses in more recent strata, yet wie
îlo no yet know of any workable deposits of this minerai
before passing to the oldest of fossiliferous systems, the
Laurentian.

The rocks of ihis formation are among the most ancient
on the Norci American Continent and probably correspond
to the o!.est gneiss of Scandinsavia. The mades of
occuîrrnce are so varicd in thie Canadian Apanile field,
that the subject would require to be treated by itseif in
orier lo dlO il justice lIe .

W' are al iere fam .r with how it is foind both in
Ontario and Q>uebc provinces.

Dr. Hîunt thus describes in iSS4 the main features of
its mode of occurrence • "iThe deposits of Apatite are in
part beddilet or intersratified in the pyroxenic rock of the
region, amd in pVrt are grue veins of ositerior origin.
The gn,:issic rock, wvith their interstrati ed uartozeand.
pyroenic layces, and an included band o crysiaine
limiestonce, have a general northwest and southwest strike,.
and are much folidedt, exhibiting pretty symnietrical
antsclinals and synclinals, in which the sirata are seen
to dlip ai various -angles, soictimes as tcaw as 25 degrees
or 30 degrees, but more eften approaching the verical.
The lbelIded depoesits of apatite, wich are founîd runnmsg
and dipping, with these, i am disposed to look upon as
true beds, dlpsited ai the sanie time with the enclosing
rocks. The veins, on the contrary, cut across all thes.
strata, and, in soie nticeable instaices, include inoken
:ngular masses of the enciosing rocks. They are for the
most psari nearly at rigit angles to tlme sirike of the
strata, and generally vertical, though lo both of these
conditions thcre are exceptions. One vein, which hai

yielled! mane hundred tos of apatie. I fo.mnd t imtersect,
m a neanrly horizontal attitmde, vetical strata of gneiss,
and in rare cases wehat appear, fronm their structure and
coimpsition, to bc veins, are found coinciding in mliti and
in sirike with the enclosing strata."

The apatites of Norweay m - known since i854,
and occur on the soutihern coast in snmîlar rocks to our
own, (Canalian) and marny of the associitel minerals are
similar lo those observed in the Laurentian rocks, the
vein matter differing chiefly in freedoim fron carbonie
<if lime.

Rutile may bc mentioned as an exception, which in
sonie mines is so abundant as to formi a considerable
revenue to a wsorking mine, since it is worth about r/6d. per
tlb., say $Soo per ton. These are fluor.uapatites, although
tihey coman aiso some chlorien

Continental gecologists, (Hrogger and Rensch) who
have studied these formations, have supposed theni to lie
of cruptive crigin, in consequence of the asmence of
phosphoric acid mn the surrouniding rocks, but the question
neemis lo be munst doubiful, as wel here as mn the case of
the same opriion hcd on the Candian apatite deposis.

The Situation of Canadian Phosphate Trade.
Although iis Canadian indusiry has nt progresscl cn

the sasme scale as nnany other phosphate ficids, Somme,
Ciply, Lirge, Carolina and Florida, yet there are sorme
facts oficring s explanation for this. The peculiarity of
the occurrence of the rmineral, in vcin.like foration in
hard rock, calls for a scierntific and economic system of
mining, vhich has licen little applici t the developiment
of Our deposits, and the cost of prouction is thereby
more connsiderable than that aittiinrdl in other ficids
of supply.

Certaiu centres of manifacture still require onr high.
testing products to compicte tincir standarI tpes of


