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THERMAL WATERS
OF WESTERN CANADA
I Ins |.n.n.is,Mi..ns >yiH,|,si, „f an imtiiii.li,..! -tii.lv .,|' il„.

!H.f .|.n.,^> ,.t \V,.st,.n, CiMw.!:, w..„|,| nrvvr l.av.- Im...,. ,„•.-
.cnt.-l. l.a.l I nut ,v,.n.s.,..l all .•nn..-i..n-n,.s. of tl.,. , nonnun.
NVMik s|M-nf l,v iMificnt li.lM.nnr- i„ ..yrv ticM „t' i^s.-an-li Tli..
limit,.,] tim.. wInVl. a t,.,-l.nul,..i,t ,Tuw,i,.,l with tli,. ai.piicati,.!,
of snentitif. ,lis,.„v,.ri,.s

( j;,.n.TaIlv „f ..th.-rn) r,. tl. .m,„.n.ial
'.""

"'V*
",'"''''""' '<""l'"".v. is al.I,- f.. iriv,. t., s,„.l, a snl,-

•]';'• •'".«':|/"j«' ';"ffi.-i,.nt a|M,|.,,.v f.,r its i.,.,K.rf,.,.ti.,ns. w|,i,.l,
J l...p,. <.v.l atf,.nl tl... ..„„•,. „.,.,„. f.M- an int.Mvstinj. ,!is,.nsM„.,
I)y fh.'M- \vli„s,. knowicifi,. may l.c- inuiv liifrl.ly siH-<-iaiis,.,l.

GkouKAI'IIK At. DiSTKIIll TI,».\

Any artonii.t ..n my part to ilescril>i- tl.,. scui,- .s,.ttiii.r ..f
flus.. >pr)iif.s, ,sj.,,ial]y to tlnse vjio mav easily 1 av,- -tci.-

'V'"'"' ."^ ^'" """•> '» '"'< vi,-i..ity of tl.;. IWk'v .M,.iintains
t lan has lurn my j.rivihfr,., will ho ,|„if,. ,inj)ro'tital.lf.. so I"
shall ni..r,.Iv cuifin," myself to -tatinar where th,. various l>,.tter
km.wu spriiifis are t,. W- fonn.I, wifh hrief .k.serii.ti,m ,.f those
most aecessihle in this sc-tioii.

//«/(/;—Sn|>i)osin^' we aiv trav,.llinjr westward, the first
thermal s|.rinf;s we fiii,l are at Tiaiiff, almost ,.n th,. w,.steni
l<or,h.rs of Alherta. jnst as w,- eiie,)nnt,.r that lin,. of loast re-
sistah.-e ,.r of areatot int,.rf,.renee of stratiti,.,] ro.-k- that,
great chain of Rooky Mountains. The Alpinic town of Banff
is -I.r.L'l ah,iv,. the >ea level and the sj)rin!rs, s,.veral in nnmlx.r
issue from almut .".OO f,.et hijrh..r up the si,l,. of what is <.all,.,i
Sul))lnir Monnfam." In ,.v,ry instane,. th,.re is an enormous

<l(>p,)sit of tufa aro' o\ the i.oims of jv-iie. whi.-l. yiv,.- tl... im-
pression that hoth the quantity and pressure ,^f ,liseharfir. were
in the iiiitiir, of Geysers, .e anoieiit falling f,)untains hoth
flenudiiijr and petrefyino; the formation >ipoii which th(.y fell.
Evi,lenc(-s of the water Iiavinjr l)een efocted t,. fireat h,.ijiht ar,-
furnished l>y the tufa formation far ahove the present issue of
the water. Above all this. Sulphur :\rountaiii towers S,0.']0



tiTt, flu-re Uiiij; II >iiiall iiiflcorolojfieul •tutimi on tin- !«iiiiiitiit.

TIhti' i- iiotiiitif; viTV fttrikiii^ ulxuit the iiiiiiiciliuli' .-pnt

fnnii wliicli llic wiitcr is'iit"*, tlii* liaviiijr Iwcri nulfly i-xclinlcil

t'roiii vii'W liv iiia'-.iinrv. Iiiit u view of flic iipriMii;; w. icr iiiiiv

Im- ()l)taiiH'<l liv icinoviiiji a iiiaiiholf vlicn u "wi'lliii^iip" iiiu-

rioti from under a liiiicstdiic nn-k i« ilftinetl hy [uirtirlct of siil-

pliiir siHpciiilfd in the waler.

1'lic tcniperatnrc of flic watiT varic* a<'<'oriIinji to tin- »<»-

.-on of tlic year, it was rcconlcf! I)y nic in ScpteiiilK r, l!H).'>, at

11H"F.. Mr. .Mc(iill, the Doiiiiniou (lovcrnnicnt Analy.-t at Ot-

towa, liaving prcvioii^Iv rccorilcd it at lir»..''>"F.

The otluT inip',:taiit sprin;^!* iH^nc from a point furtln-r

to tin- jiortli side of tlic sanu! mountain, frotn a cavi-. the roof

of wliicli U'HVH a crystallini' d<'i»o«it, apt ari'iitly forini d from
llu' vaponr-i, and accreted iK-ncatli tlic crystals Snlplinntns

Anliydridc i^ dctcftabit'.

Tlifrc arc varion- otlicr streams and so-eallcd springs liav-

injl various names, - ,icli as "lvi<lney*' and "Liver," Itut, after

lalMirionsly tracing: two on my hands and knees tlironjih ropks

and ferns, 1 proveil tliat tliey wcro mt-ndy deltas or reappoar-

ancex of tliese two main springs, and conclinled that several of

the otliors have a common source.

There is a strong odour of Sulphuretted llydrojien at the

main sprinp*, and their covirses provide In-ds for luxuriant

ftrowth of some warm water .Mgae of citron colour, upon which
isid|)hur deposits in whitish yellow powder as tho water oxidises

in its fall down the mountain .slop(?s.

The Sulphuretted Hydrogen was estimated liy dec; "'rnnil

>tandar(l Iodine solution and starch at the springs, i. <i was
found to he from ahout 1 to 2 c.c. per litre according to Iccation.

I also discovered that hriglit silver coins were not discol-

oured l)v immersion in the water, except just where it first is-

sues from the rocks, demonstrating in a rough manner that the

water changes inmiediately on exposure to the atmosphere, and,

in fact. Professor Pai'kor was nnahle t(. discover any Sulphur-

ettofl Hydrogen in a sample taken hy me not far helow the

source and suhmitted to him for inalys'" i 1!K).">. The waters

are used at Banff in the Banff Springs iiorcl, Government haths

and various sanitariums for therapeutic treatment.

SInrlair. —rontiniiinsr westward by the C P. It. through

the Rockies to Golden, we take a steam 65 miles down the Co-

lumbia River almost southeast, and parallel to the great rocky

chains to a point called Sinclair Creek. Here, at the base of a

mountain slope 800 feet above the river and 2,500 feet alti-

2



tinlf, tliiTi' \* 11 mi-liiiiu itniiiii itf ln>» water i^^«iiiiiji fv»\\\ it

(•lifcr riH'kv t'licc. |M(*M-»ii(^ a fim-iHiif ti'in|K'riituri' i>t' liil" K.,

mill I'^tiiiiiitol III litivc u ili^cliiii'^i' lit' iMo ^ullnim |h'I' iiiiniiti'.

Tliii io al'iii II :t'iiii;:ly Snl|i|iiiii'tti-i| wiitir uml i«iitiiliir in

cIiariM'tcr tii I'.aiitT wutiT.

Tlii-i |M>iiit will In- ilral' with Intt-r iinilcr rlaixitinitinii.

l/iilr/fun iiikI St. Ltiiii. - Kc-'iimiiij; iif jniiriu'V liy tlir

railwuv wi'stwanl fnuii (Julilcii tn UcvcUtukc. we Iravr tiic iiniiii

liiH' mill run aliim^t soiitlica^t fur twciity-i'vcii mile- to Armw-
licail. at tlir north of two rfiiiari<alil\ \'<\\\2^ il<"i'|> lakr<, altitinli-

1,4(M) t'fi't, throii^ii wiiirh anntlur hii of th< ('<>liiiiiliia liivi-r

flows. It Mhoiiiil 1m' notiiTil ihiii we an? naturally av'aiii |iri>-

cM-ciliiifi parallel to other jrn-at r.K-kv wrinkle", ami, a« we leav*-

l»,v steaiiilioat from Vrrowneail, i^now-eainK'*! peaks tower in> mi

either siile the lake, oi: laleyon Peak, U'iiijr llt,4<»0 fci i

Ahoiit sixteen miles due sunth of Arrowheail we toin-h

Halcyon, where, within easy aeciss of the Imtcl ami ••"<> feet

ahove the lake, two sjirin^'s i-siie from the inonntii'irs slope

within a few feet of each other, sending np ipiite a i-lond of

vapour, in which Siilplmietteil Ilydroircn is miniistakealile at

some distance, and ijnite stroiij; where the water emcrfres.

The water possesses a constant tempi-rature of 1
•.'<!' K..

which is too hot to Iw'ar oiieV hand in for more than a few

seconds.

There is .10 nuked «'vidence of an ancient j;eyse

at Banff, thonjih it is ipiite likely that invest ipit ion w

the Inxnriant vcfjetation siirroiindinir the point of i

prowiiifi upon an enormonri deposit of tnfa.

Tt is iiiterestiiijr to mention here that the soil is of an c.v-

traordinary kind, lijiht fawn in colour, and the growth therein

of all pjrden produce and fruits, when planted in ridges and

irrigated with the hot water, is something that delight's one's

senses; and as on«''s vision stray* across the placid lake (>()<• feet

lielow and heyoiid to the snow-ca|>ped mountains merging misti-

cally into the clouds, one feels that the place is well called

iralcvon.

The Snl|duiretted Hydrogen estimated at the sprimrs

amounts to 2. fill o.e. jier litre, thmigli, if it could Ik' taken with-

out exposure to the atmosjdiere, it is prolmhly much higher. A
bright silver coin was rapidly gilded, bronzed, ])ur))led aiwl

tinallv hlued hy immersion in the water just under the rock

from which it emerges.

l)asin as

I prove

. to Ik-



About SIX miles further south down this same upper Arrow
l-ake briufrs us to St. Leon at the mouth of the creek. Some
;!,00() vards^haek froui the lake, also on the eastern mountain's
slope, and <00 feet above, are two other hot springs 12G" F.,
and similar in eharaeter to those at Halcyon.

Resuming our steamer trip still south another fifteen miles,
we reach Xaknsp, and I understand that about six miles to the
W. X. W. of Kooshanax Creek is another hot spring, though I
have not visited the spot.

r p'^'f 'i'-^

C'anyo7i.~lt n now necessary to return to the main
( .

1
.
R Ime at Kevelstoke and retrace our steps northeast for

twenty miles to Albert ('auyon, alt. 2227 feet, (where we might
have stayed off before reaching Kevelstoke.) Within a mile
of the station is .a wariu spring of rather less importance. ptM-
sessing a temperature of HO" F., and curiouslv enough the water
IS almost ulentical in composition with that derived from a cold
spring many miles further east at a place calle.I Leanchoil,
al)out midway between Field and Golden on the main line.

Harrison, alt. ;50 feet-As far as I could learn, there areno Hot springs of any importance known between Kevelstoke and
Jlarrison, which is within sixty miles by railway of Vancouv(>r.

There are several springs at this point, about five miles drive
troni the 'tation The average temperature of the waters is 150"
1-., being much hotter than any of the others visited, and thev
vary somewhat in composition, •'

Xot having visited these springs, T cannot give my notes
on their ..xtornal appearance, but I understand that the evi-
dences of a former geyser basin are very defined, and that the
flow ot water must at one time bet>n something stupendous

COMPOSITIOX AXD ClASSIFICATIOX

That some earnest effort is needed to classifv and design-
ate waters >*o as to establish a namenclature of waters, is e"vi-
dent from the lack of such expression, and the fact of several
classirtcations at present existing, those by (a) Peale and (b)
( rook being considered the best.

(a) A system of Plij sioloiiic Ther«peuUcK, edited by S. S Cohen
(b) Mineral Waters of the V. S. A. and their borapeutlc Usc8.- Cohen.



wood

:

Group

riu- fable jriveii is IValc's classitifiitioji. iinKliticd l)v
- Hav-

I

Class Sob-Class

I'Carbonated and 1

Generai.
Characteristics

I Alkaline ' „ •''carbonated
I Rorated
'Silicated

Thermal
Xon-thermal

II .11 1- ISulphated
II Alkaline, Muriated

^'•"^ Nitrated

I Sulpliated
III Saline - Muriated

I
Nitrated

IV Acid ;S"lphate<l

( Muriattd •

I
Sodic
Lithic

I Potassic

Calcic Non gaseous
Magnesic carbondioxiated
Kerrugious

j

Sulphuretted
' Aluminic
Arsenic
Broniic
Iodic

Silicious

Boric

Aezotiz-d
Carburetted
Oxygenated

Tu (liffciviitiatc Ix'twccii tliorrnal and ii(.ii-tli<'niiai, Dr
I (-ale adopts 70 F. as the dividin- lli.,., an.l from tliat nn to
!)S.(! h. as -wann," above tliat as "hot."

The Biinfl waters may botli be intellijientlv named Tlier-
mal-Alk-saline-siilpliated-silJeions-sulphnretted waters. Alb«'rt
Canyon would be elearly differentiated as Tberinal-alkaline-
earbonated-sodic-stdphnretted water. And Conio.x as iKjn-tlier-

nial-aeid-muriatcd-silieious-fcrrnffinons water-

XOTKS ox MkTIKidS OK ,\x.\I,YSI.S AM» K.\ I'RKSSIOX

There liave been and are still vitrions methods and many
forms of expressinj; the results of an analysis „i a water, con-
sequently it is often difficult and almost impossible to eom-
])are the results as expre-ssed by various eliemists. This has
resulted from (a) lack of knowied<;e as to the actual combina-
tions existing, (b) too lavishly following rules laid down by
various authors, Fresenius, Cairns, Leffman and others, and
(c) failure to state the actual estimations or method of cal-
culation.

It is not difficidt to i)rove that the methods still adopted
by some analysts of giving a list of salts with figures opposite,
often to two and three jwints of decimals, is absolutely mis-

• Haywood, chf. Mis. Labratory, U. S. A. Dept. of Agriculture.
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leading' and affords'" no idea cither of the "ions" or the probable
combinations.

T'naniniity of «>xi)rcssion and concordance with science
can only Im- attained by strict a<Ilicrcnce to tlie electrolytic
theory of solntions, and ^'ivinj,' the "ions" and the "anions"
actnally estimated.

As the resnit of nuikiiijr hundreds of analyses, I have come
to the conclusion aat more lipht may l)e thrown upon the pro-
bability of comiiination's de])endin;t upon the relative s(dvency
of the various salts in various media, and since it is hi}>hly im-
|)ortant to hsA-e as much knowledjie as jxissible of these com-
binations, I have applied these principles to the obtension of tlu*

condtinations as represented, and {jrouped the waters accordin<^
to their more strikinfr relationshi]) and not from any sinjile

standard.

Somewhat similar jiriiu-iplcs are beinjr followed by other
water analysts, *and it is to Ik? llojied that the a.loption will be-
come jrcneral as it is in accord with more; recent knowlcd;,'e, and
possibly it can Im- elaborated and extended as our knowledj^e is

furthered by research and experience in using the waters.
Doubtless practical ex])erience and research will proceed "pari-
passu."

The facts that, at some of the sprinf>s visited, erroiieous
aiuilyses have been circulated for years, and that out of some
forty-three sprinp^ waters examined in the Tnited States none
ajireed, whilst some were totally different from the i)ublished
analyses upon which the waters were s<jld and used internally
and externally, has made me wonder how the medical profession
prescribe accurately for their patients, or whether it resolves
itself into repeated trials until the water and the patient agree.

Perhaps some of our medical mend)ers will Ik." good enough
to enlighten us on this point at the conclusion.

^IkDU'AT, AXD TlIF.UAI'EITIC'.VT. VaI.UE

r have compiled the following notes by reference to ("rook
"ilineral Waters of the V. S. A. and Their Therapeutic Tses,"
an excellent report on the ''Tlot Springs of Arkansas bv Ilav-
wood, and T am also indebted to J. A. :McArthur, 'Sl.J}., of
Ottawa, a specialist in thermal therapeutic treatment.

Carhotmtcs and Blrnrhonntrs.—Waters like Eanff, Sin-
clair and xMbert Canyon are high in Bicarbonate of Lime.

• Mineral Waters of the U.8 A., by J. K. Haywood.
'-

. SS*^
""rings of ApltansiM. by Haywood and Weed, f.S. A. Dept. of Agriculture.

• ) The Kxamjnation of Water.—Dr. Threxh.
b ii- t=



Tlicsf iiciitriilisc aeitl conditions and |)rol)alily remove iirie acid
as Calcium and Maj^cj^ium urates. Action on niucns mem-
brane re?narkal)lo, increasinj: How of pjstric juices, and the
salts ar«' conse«iuentl_v effectual in cases of dvspepsia.

The correal Kind iup Sodium and J'atassium salts ajipear to
act also as diuretics,- and are found as nornuil constituents of the
blood, lymph and secretions of the mucus membrane. .VllnTt
Canyon and Harrison are noticeaiily hijrh in Sodium Carbonate,
the latter also in Potas'sium salts.

Whereas the Calcium salts ajijK'ar to induce constipation,
the .Mauiu'sium Bicarlmuates act as mild laxatives^ Cnrinusiy
none of the waters are ai)parently hijih in .Majrnesium IJicai
bonate, and in this resjiect are (piite o])posite to the Arkansas
springs, which are very liif^h in this constitneni.

Siilj)hnfc of ('alriii)ti does not ai)i)ear to be known to have
auv decisive action, unless by doulile decompositiim with the
other salts-

The action of Suli>hat('s of Mfu/in'siaiii ami Sodium are
well known a,-' laxatives in simill doses and as cathartics in
i.irjr*' doses. Harrison is notaiily high in Glauber's salt, whilst
Hanff and Sinclair contain effective (piantities of Epsom salts,

and these waters are very valuable in eliminating sy])hilitic,

scrofulus and malarial fever ])ois(m.-;, also nu-rcury and oth;'r

metallic poisons. Tlence Iff/ medicines can be given in larger or
more frequent doses in conjunction with stu-h waters. Waters
liigli in these salts have to be ])rescribed with extreme care to
the feeble and anaemic, but none of these waters are highlv
charged with Kjisom salts, as compared with the Epsom and
German springs. '"Eiisom wat<-r contains :i,(K)0 pts jx-r 1()(),()(KI.

I'hloridcn of Sodiutn and J'(dassium give origin to the
term "muriatcil" when in ])redominant (piantities as in Ifarri-

spn, and their acti(m externally is to increase the absor])tive

action of the skin, and internally as an appetizer and diuretic.

dilordics of ('(drittii) and Ma^picsiitm are rarely ])resent in

waters, but there is a cold spring at Comox, on Vancouver Is-

land, containing these salts. Their action is mildly laxative in

(piantity, but in small doses, a« in the water mentioned, they

a[)pear to increase its value as a tonic.

Xone of the waters contain any appreciable ipumtity of
iron sufficiently to entitle them to the term " Chalybeate,"
though TTarris(m and Comox contain iion, which probably im-
j)roves these waters as tonics.

(c) Vide Reynold* MetalH and allied bodicx, part 3.
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Iodides, liroiiiidcs and Jiorahs me H-ldoiu prcs^ciit in wliat
appear to be aj)precial)lp quantities, tlionfth tlicir action is

i^tatod to Ik' remarkable in treatment of serofnhi, rlienmatisni
and svpbilitie diseuses;, also as sedalivo.

Phosphates are rarely present in estimable (jnantities. in
fact, so far as I am aware, have never been ]>revionsly drseov-
ered in these waters. Their action Ix-voud that of li jU'cncral
tonic, and possibly in eases of rickets, d< es not sipjiear to 1h^

thoronjihly nnderstood.

The medical action of Silica and Siliralrs does not api):-:ii

to be thoronjrldy understood, but s<-veral of the waters. Harri-
son, Halcyon and St. Leon, are remarkably bifih Silica. \
peculiar unctuous sensation is produced from batiiing in waters
high in Silica, and the action of these is most valuable in skin
affection.

Many of these waters are popularly referred to as "LHIiia"
wateiw, and in fact some of the published analyses show birjre

•luantities uf Lithia. I was not working on snffici<'ntly li.rjre

volumes of water to enable me to attetitpt to estimate Lit!>i'un,

but tiie flame test of the tinal residue nevi-r revealed more llian

a "'trace'"

Out of the forty-thre<" waters examined by the 'T. S. (Jov-

ernment Analyst, including those called and sold as Lithia
waters, one contained a trace, which was advertised as contain-
inc 1().;{ ))arts per ^[il., whilst curiously enough another con-
tained 17.5. which was not sold as a Lithia water. But general-
ly the Lithia contents are grossly exaggerated.

Sulpharefied Ifi/drof/en is usually ])resent in more or less
distinctiv( (|nantity in hot waters, it is not always present since
none of the Arkansas springs contain any at all. ^lost of the
Canadian Avaters contain some and a good deal of sulphur, which
is lil)prate(l on exjmsure to atmosphere and settles out as a pre-
eipitate, due possibly to instant oxidation of the same gas.

The curative effects of thermal waters, especiallv when
aii|)lied under the modern "Dotiche Massage'' practised at Aix-
le-Bains ind other European resorts, appear to be due to their
Dernial activifying powers, which encourage all kinds of a\y
sori)tive processes to set up. The pores are dilated and profuse
perspiration induced by external and internal application of
water, so that the whole system is suffused with water, in which
condition impurities are freed bv massage and readily carried
to the excretory organs, whose functions, lieing also increased

(a) The Hot Springs of Arkansas liy Hay wood and Wi^cd, U.S.A. l)ept. of Agricultnre

mmt llflMlHlill



[the action of tlip salts in the water, enable tlu-ni to rcailily

easily eject foreign and poisonoiiw matters from the system.

KVIDKN'CKS OK OltKilX.

From the eiiormi>us (luanfities of (' stored up in coal hods

and the Cretaceous rocks, it has been inferred tiiat the primitive

atmosphere was very rich in carbon, that larjic volumes mu-t
have JK'en dissolved by the tirst fluid " Ma<ima " and remain
there today. .Vs lonjr aj;o as lS(i(! and 1S77, IJerthelot and
MeiidelietT sujijiested probable carbides ami pmbable frcncration

ihen'from of hvdrocarbons.

In the Archaean rocks if hifrhly carboniferous gneiss is fo\ind

in crevices, which it was fornu'rly sufrirc'sted mijiht l)c the fussil-

ized remains of tla- earliest orfianisms, iind iicnce termed
'• Ko/.oon " (dawn of life), ft has Ik-cu shown -inat this car-

biiiiferoiis material in far more likely to Ik- an ent'ination from
the hifrhly carbonized niaiima, which has oozed n|> throuirh the

igneous rocks and forced itself into crevices in the Arduean
rocks, further evidenced in the ''i)euniatite dykes in granite and
gabros.

The Association of Pyrites 'with th«se graj)hitic deposits is

freijuently noticed, and it has been shown that this association

of carlx)n and snip' -.r is constantlv encountered in igneous forni-

ati<m and has been noticed in meteorites.

^fany Wonderful evidences of what might be termed naturally

partly piiriried carbonaceous products have been met with in

various drillinsr operaticnn into the Paleozoic rocks, affording

substances similar to ''Ozokerite, a natural earth wax occurring

in Gtalicia and Koumania. One sample, yellow in color, ob-

tained at Little Ochiltre, afforded on analysis V S4.:;.'>, TT 12.8.'5,

X l.tiS. with traces of sulphur.

The accounts given by survivors of the violent volcanic

Prnpti(ms, such as devasted ^fartinifpie, in 1!)()2, describe enor-

mous volumes of flame, onlv attributable to gaseous hydrocar-

l)ons, confirmed by the •'zonel'ke map of charred nature left be-

hind. Besides which, var. \mnles of gases evolved from
volcanic sources have Wn V: .-ted and examined, affording
successively HCl. Chlorides, SO,, H^O, finally CO^, and
hydrocarbons. Siemens, in 1878, being led to the conclusion

(a) The V olcanic Origin of Nuturnl Gas and Petroleum.—Coste.
(6l Goolo^ral 8nrvey of Canada, by Ur. Biirlow, Vol. X.
(r) Ditto. Vol. VIII.
(rf) OrKanicChemistry.— Perkin and Kipping.
(e) US A. Geolo«ical 8urv«y.—R. T Hfll.
(/) Le Blanc on Vesu vlus Eruption, 18aa-6.



tliaf vast qiinntitics of II and ('arlwnaeeoiis conipnund!* c\U
ill the earth.

There is a lake of lioilinji pitclj in tiie Ishind of Trinidad,

haviiijf an area of fourteen ac-res, and it is stated tliaf the su[)[>!y

is hein;; inaiiitaiiuMi in its centre from some internal sonre*'; at

Auverirne, central France, there is a l)itiimen sjirinj;: in the

(/aucaHian inouiitainH and at Baku mud volcanoes associated

witli petroleum and iiiitiiral jras; rivers of oil have lioih'd from
under the ('aspiaii Sea. At otlier ])laces on tii(! earth'.* crust,

in what are clearly liiiu;erin<j: exhihitions nf volcanic eruption,

we have fuiiiaroies affordinjr all kinds of salts, sulphur and wax;
'• MofTettes " emittiiifi carhonic acid, as at Naples and Kifel, and

the "Solfataras " or '" (}e\ sers," and with these latter there

appears to be every reason to infer that all thermal springs

are directly or indirectly associated.

.\t Calera Itaucho. in ("alifornia. hot uases, hot waters,

hiirhlv sulphuretted, and )ietroleum, ooze out of the ground,

whilst :<liale8 of the Mesozoic and Paheozoio formations are

hifjhiy calcinc<l, beinf; bleached to porceUin bv the action of tl.e

pasos and liquids in their upward ])assa^e throujih faults and

cvevic<'s.

Tn the southern jiart of the States there are some exceedinsr-

ly remarkable swelangs ^on the earth's crust, which have proved
to l)e the d;tme-like covers of immense reservoirs of rock salt,

sulphur, oil, marsh gas and hot saline waters, generally

sulphuretted. Givinjr an idea of these reservoirs '' en jiassant,"

after the roof of one was pierced, tlic drill was lowered 2,100
feet without encounterina; the bottom, one Iwd of «alt is 700 feet

thick; a bed of sulphur in another varies from ten feet to forty

feet thick. Sometimes the oil is hot, 110" F., and the fjas is at

such pressure as to eject strinjrs of tools several tons in weight

and lift them high into the air. And when we consider tlu;

limited area which the drill occupies, the ])rossiire will appear to

be enormous. It has lieen re.'orded at *1,.')2.'» pounds per S(|i .ire

inch, but ranges about 600 pounds in new fields, as at Medicine

Hat, depth of ttOO to 2,.")00 feet.

It is tiierefore inferred that the oils with sulphur have

been forced by violent action upwards through thousands of feet

of rock, and that the heavy saline deposits i-^ueh as salt and even

dolomite, have ci'vstallized out on reduction of pressure and
contact with the cooler media. That they are not now under
constant pressure is evidenced everywhere by the lowering of

(a) Trans-American Inntitutioii Mining Enidneerd.—Capt. I

(b) CoRteon OriKi» Natural Oax.
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the t>reuiire ai the liquid i> removed until, from some of the
laioe reservoirs from which the tools were ejected and stones

uvj mud thrown into the air for hundreds of feet, the same
wells have now to be pumped to obtain their contents of oil or
gai

Tlierefore, explanation^ and theoriw which have liccu iui-

jj-ynced from tiiiu; to time, relyin;; upon hydrostatic iutcriuii

ji'essiire, are now liehl 'to be t'alhicious, :-incc drillings in

close proximity have revealed great ditTerences in pr«'-siires at

<ihe same depth, divergencrs represented l)y :]40 to i'.:iTO j)onnd»

;i>cr s(|uare inch- Hut where gas is found in the several sui>er-

^ posed strata, there is usually a gradation of pressure increasing

.with the depth so that these indications taken into conjunction

,' with the evidence previously referred to of the gradual loss of

the enormous j)ressurc initially en<'ountered. would appear to

lead to the conclusioi- as a " sine (pni non "that all these pro-
ducts, gas, oil, salts and hot waters, orljrinate tVom volcanic

source and that the exliihitions of eruptive i'tfort when tir--t

itruck give an idea of the force which coni[)ressed then into their

present reservoirs in the Paleozoic and Mcsozoic formations, au<l

which having now generally no connection with the inti-rnal

source of pressure—the energy is simply subsiding as the reser-

voirs are tapped, though, as j)r(!viously stated, there are cases

where a more or 1' ^s intimate contact with the interior nuigma is

apparently still maintaineil, which undoubtedly ought to be

classed with volcanic craters, just as their contact with the inter-

ior is denionstrated in appalling manner from tinu' h- time;

though, so far aw I can ascertain, there is no evidence that the

gas or oil ^ese^^•oirs in the stratified rocks are any longer Ix'ing

supplied from the interior. However, in the event of a suiiden

subsidence of the ocean or a '" qua qua versal " movenu'nt of the

sea bottom, during which the ocean might he a<lmitted to the in-

ternal ^lagma, one could imagine, after the resulting erui)tivc

forces had subsided, that there might again he new pockets of

gapt- jils fixed therefrom by the sea water and hot thermal
waters all stored up until resistance was sufTici(>ntly reduced to

enable them to gush forth as they at first did as Geysers and lat-

terly more commonly as hot springs bubbling up frequently in

the old Tufa Basin, created by the playing of the original great

Geysers.

It would extend this paper l)eyond its scope to attempt to

trace any recorded evidence of the decrease in tem|)erature or

flow of the various hot springs known, but it appears to me that

(c) Coete Journal Can. Minlnfc Inst. Vol. VI.
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