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'1itm 0810 m AND UP Cl!' mE NA'1'U!Wt GAS

At

JWl'tfOtl', C/OLOlU.OO»,

the waterlJ of the m1neml llp1'illGs lit tlAIlitOIl. tl"e liheb' sparkle aDd
p.l.qll!UlCYto the QU'bonll'l &1)14wf. th which thoy tlre natUl'lIl11y SUl'llMl'ce4. 'lIhe
boau.tUloJ.18 oloar _tel' lila It tdSlUl5 ft'CI!l itaoulltenatlllM chllIlMh ... liIOCOlll-
p!Ulle4 In seye1'al tlf tho: eprillGe b, a condderab1e now 01' ezcee41tlSly !flU'G
CltU'bonUo:ld.4e. "'hen dlpped bQlll thO 8pr111G1IIit conttnuos ttl effsl'Veooe tor
lIO'tle Utlllo Ii_, llll4 the 8{;1'Qcable flavGl' of the B makee th0 41'1nk vs't7
palatable tn .p1ile of the large qu.an'll1ty of alJlaUli4 lll1Mral matter "hleh tt
holds in lIlOlat1on.

F!lI' lIlant ~II theso 8Pl'1nee have 'bean looa1)q ostOSllled as ful'nlab1r.l6
both • l'(ItfrellMl\?l 'ba'l6Z'. $nd a valuable medhJ,nal lIIJent. 1ll1t tt 1e onl,
'f'lth the 1i!.l!ltsh or even '.l'llthet the 'bottled watore haye bean put QpoB
the fWI!tot to lIUpplT A wldu circle of admire'8. In orAel' to glve to the
bottled W&tsre the o..'le.l'llI of the oJ'itl1na1 efts"cUJocmce, it was lllIOessar:/' to ro-
cbiUlge the 1lIl'!lhclU'ban d.l.olltlde, and tht. ftfJ done at first tn. the Ill!lllnlll'
11_11y lllllJllloJli4in bottlb6 IIe1ber, and 11__ othe, gassed bevor&{l<ls. fhh
.IIl'OO8ll1J.briefl,- lIonl!listed in thl'l pl'epal'at.l.on of oe.1'lIot\,dioldde from sulphul'1c
add and llltU'bl"dllst. and theablloJ'ptt.on of t.t 'by the llIinonl. watsr by aattat-
lon under p1'8lllllU'e tn svone 1ron oylinde,s. 'I1hen U was bottlod tn the CCillllllOn
way, ~ llomet1:ll.eswail enriched \'17 the addition of ghlunel' ~ and tlavol'1JIgs.
lIlI'lI1 put u;p ao elSJle&r-ale •. !lI' as tNJ' tOIl lUMRl ate. CCifll~ toll01 twel,
oallod it. "Bf.neer c~ •• " About t~ 'IfIM! l889 the 48l)1rab111t1' W'ld 1'e8s1-
bU1 fJ7 of I1s!.rlg the natl11'$\ ga$ frolll the SP1'.i.rlg$ to .... oMS'g. the lIl1neral _to.
!UlI\ cham~e 11&0 iJllI.nElElte4 to tM OOlllP~. and thia plan. pJ'opoeod by 11M
1lI1'iteJ' and ll8l!'rlod ou.tundsr 1\18 oaPGrvtl!lion. waG .,oon Pllt into pJ'actical
oporation.

tt !IlQ be of lntlll'ost to dtocaell tlllt origin of th18 natu.l'al 6118, oM.
then to do8i31:'1bothe moans by WhiCh it 1s !!la«l.eto ar:ain lmpregnate tbe IIl1Il.(1t'al
water takGrt i'rCifll tho 1!lp1'1l!C8.

In seeltfJ:J,1to tl'6OC! too eOU1'Ocli of tb1s e.bu.\'1deIIlt $pply of natural C!IolJ.
1t .11.1 b<J bcllpfUlto aonsider otrta1n of the PI'OIIllnent Ceo1oaloal and tope-
erapbloal featlU'98 of tbe distriot in whtCh the lilpr1nc:o OCOIU'.llM1tOQ Hes in
a llIoun_s.n gLUCh ot vllllq at the b60e of 1'1II:e'speak. W14 just at t2le 4ntranoe
tel Ute PaGs. In taot tbtlYa11e, 11 bAt \he rodell tull1 w1dllBM oUUet of' the
,all0-1tsol1' a nerf'OWi"lIIater-oarve4 Channel thJ'0U(fh 1lb.irh thO ch'a~, of' an arM
SCifllIlsevent,..flv. to one hun4rtld eqv.cre m110e in enent fiJldll ttlJ '1ftJ/d to the
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eastern base of the mountains. The streamwhichdrains this tract obtained the name
"Fontaine qui BoulUe" trem the bubbl1ngor bolling springs on its ballks at
Manitou. On the south and west of the picturesque little city rise the granite
slopes of Pikes Peak, while to the north are piled up the fuu,gemasses ot strati-
fied rook whioh flank the other side of the valley. ThusManitou11es at the
junction of the old archaean rocks, with morerecent sedimentary formations. Just
west of Manitou, however, the limestone beds are found for a ahort d1l1tanceon
both sides of the Ute Pass. The archaean rocks at 'lJl.anitoucor-siet almost exclu-
aively of highly feldspathic red granite which disintergrates ...·ery readily under
atmospheric agancies. Further up the Pass are 1'0111:14 patches of syenitic gray
granites containing soda feldspars. There are no Agnellsrocks in this neighbor-
hood savl! a few narrowdikes, and on the south slope of Pikes Peak, about twomiles
fram the summit, one exposure of phonolite, but not many miles distance at Cripple
Creek, large areas of eruptive rocks are exposed to view. A numberof rock slips
or faults in the granite are to be seen in the neighborhoodof the Peak.

At Manitouand to the northwest, only the paleozoic series of sedimentary
beds are exposed, e. g. silurian, carboniferous and juratriasic, and these are
mainly represented by limestones ana. sandstones. The granite slopee of the Front
Range, 1!biohe:R:tendin a generally nOJ.'thand south line, are depressed in a sort
of recess or bay at Manitouand to the northward, and these older sedimentarybeds
rest upon them, 8.nd outcrop in their regular order, ehowingthemselvee for several
miles up the ute Pass. To the northwest of the ute pass and continu1ng in the
samedirection, 'extends a long, narrow strip of the sameseries of sedimentary
formations.' Probably these two areas were once continuous and have since been
separated by erosion. At the lower end of the latter, or }~itou Park, area,a
prominent fault having a slip of three or four hundred feet follows the junction
of the granite with the ecuthern side of the sed1mentarybeds, (notel. and at
Manitou, near the RainbowFalls, there is also a fault with a slip of twenty feet
or mo:re,which takes about the samedirection. It is probabl!' that these faults
form a continuous fissure over the short interval between the two areas, and quite
possible that the in1'luence of this fissure or slip determined the course of the
streem which cut the ute pass so deeply in the rocks. Fromthe prevailingly
slight dip of the strata it is probable that the sedimentary beds at Manitoudo
not extend to very great depths beneath the surface, aIld the SEllile observation
applies also to tho86 at Ma.nitoupark. At Ma.nltouthe general inclination of the
beds 18 to the southeast, though there are several folds which steeply incline
someportions of them just west of the city. There are, however, in the vicinity
of the springs at Manitou, a couple of small flexures of .strata, indicated mainly
by rock exposures on the north side of tbll valley whiohmould be noticed.

"See the Pike's Peak Folio, edition of 1892, U. S. Geological Survey."

Theyrun transversely acroos the valley. and maybe desoribed as bei~
only more abrupt or sudden inclinations of the southeastwardly dipping strata.
It ie at the orests of these low folds that the springs appear. The oldest lime-
stones are very silioious, and in places just west of Manitouwhere they are
shattered and bent, often oontain cavities tilled with argl1aceous red oxide of
iron. The "Caverns" so muohvhUed at 'Manitouooour in the limestone, and show
the results of a former great ohemical activity at that point. Whenfirst dis-
covered, very considerable beds of the sameferruginous matter oovered the floors
and filled someof the passagewaysof the caves. The springs are found at three
points tLn the valley, and these places are at the apioes of a triangle roughly
equilateral. Thegroup inclUding the Navajo, Manitou, Cheyenneand Shoshone,
which lies in the center of the town, and forms the eastern end of the triangle,
has the largest flow of water and gas. The eastern of the two transverse rock
flexures occurs at this point. West of this groul' the valley Widensand divides,
and the Ute iron spring is found in Englllll&l1's Canon, a short distance above its
mouth, and almost in the granite. The third position, that of the Hiawathe
group, is in the general line of the valley, near the limestone rocks, and not
far below the entrance to the Ute Pass. It is said by old residents that the
larsest springs was not ~ years ago found at this place, but that it was deep-
ly covered and quite obliterated by deposits of gravel brought downthe pass dur-
ing a severe treshet. In the neighborhoodof each group of springs the gravel
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an4 -._ Mlil ~eenCOlllcted 'by a tut~O\lll eubetanoe depclJ1ted trlllll the .ten
ead called loca1~:v "so4tl-l'Oek." fbe BllvaJo tjS'ollpwtho Ute Iron $pl"lns .e
118M'110tbe l~ of contact of the ~ll;ite with the sedSmentaJ7 beds. tIbe
lUAfttha crou.p 111l1lIU the 111» of the Ute 1'ae9 .fault. In all Oftho tbit SPl'~
Us olose to the IItl'llIllIIl'. and in theel'll k bed Mal' lIomeot th«m. Jl.Wllll1'0l:l$; ema11
veatll Il1r9 shOW 'by 1"1I'l1~ 'bub'll1ellof ~l"

TM r.in an4 81lO1tdOlKlend1rlg I1pon the etU"tb. b"bItt with them ll)t\ttel'il
waehe4 ftOlll the 1111'. IW\ alte" I'RCIblng thlt erllWld tba waten lUe.olva porUons
of all the eoU Mil rOCks over ..Moh lIM tblitOllS'h tllhleh the, ~ the1 ... y. It 18
tberefo ... l'I$t\U'!lll to eo.1t in the walleI'll of theH sprlnge f(]l 01'1«0008 conceJ'tWl(J
tho J'ookll the, M\rC t..."erlled •. im4 th1l$. U golildbls. traee nClU!Ol'to Ulil Ol'i.gln
the 6COCllllplUlJ'1I!i!>~. '!'he follCi9lrlg Illlalvllle of fttElf from tle'fElJ'al cd the more
lmpoJ'tant spr1rlgs were madt! 'b1' Ifret. W1D!rallsr. Ph. D.. ot H8lf' YOI'll. l'l'0lll
1J/.IIllP1eetaken bQl1 the Iprlll6lJ 'by the .....lter in the 8U1!1ll1el'0'1 1~1. '1!bGeiJt8flUl to
M.fI been oontUiTMld by Bl'l$l,d. iliad. in the 1-'1>0_'0J'1.8 oi Oo).orado ce11ese on
IJOve1'Ql (U.ttill:rentl 0001)81on8, -.hen t~ eamplos were _leo t!lklm 1n the tlUmtll' .. aon•

Sod.1U1!l : 5.'3.909 f 62.1'16 f . 41.170
Pote.IIs1llll1 • '1.&50 I s.a19 I 6.011
L1.tll1Wl1 • 0.201 I O.aoo I 0.005
Oalolu.'lI • 2'1.560 I 4'1.382 I 21.747
~81lli\\ • 7,859 I 8.1'5 • 3.9119
Iron • O.03a I 0.028 I 0.32&
J.l'lD1ftlUlll • 0.092 f 0.069 I 0.140
Chlol'1ne • M.6.e5 I 1Mc.7S1 I 17.~JlO
SUlpl1IU"1c ~t~ • 18.410 • 18.202 I 20.705
Carbon dloxlde .195.366 • 193.546 • 104.159
SiUos · 4.e:JO I 4..mo I 6 •.200
~{;en 1n 'tIIIU'." • SJ.296 I M.tlO I lW.200
ater t.n 'blo~onate8 • eg.tCo2 I 59.59Eh I .21.305...

fl'01la1 II • • • • • 43!);,M3 t 43U.GI3 I 266.00&
•

'rotal1 in G1'4lne per Sallon 256.157 • 254.GU • 16,5.514

'l1he e1emaats t0u.r4 1n tl\8 Hiawatha croup of spl'1.l.lae lU"o tl¥1 .. alt
tholll. lIhoWn to be 1n tho otbe Il' Sl'OQ,ps.

BelClJ 84'8 tabulate4 theea1t8 oontained 1n the fttel'G, oalculated
acool"d1n.g to the ocmventtonN. _thode, tl"¢IIl tl10grecedlO{J fleur.l.~--.--.-~~-----~~-----~~~-_._-_.......-..--~------..--~~..-._---~~~_._~._~________... •.__w_.__~. .-.~_~. w__~.__~ '__~ __*-.... -_
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Navajo
Springs Manitou ute Iron

4O.00iJ • 41.0 1. I 29..030
1'1.06" I 18.335 t 1~.4t26
18.149 t 1.'1.007 I 25.192

111$.804 • 110.510 I 78.1140
1.946 • l!.200 I 0.$13&

l!lS.613t 191.900 • 88.076
47.012 I 49.719 I 1?5.965

0.04& • O.()/l,O • 1.05'1~•

·0.174 I O.UO • O.26lfJ
4.230 I 4.290 t 6.200

4S9.lM4 I ~5.61li t 266.665

ScCll_ ob1orlde ••• , "' " .•• "••. ",..,
Potasss.um I\.l1pbate " ~ •••••••• " lI'

Sodium eu1Pbat,e 11 .. "'lit •• "" "' '" ., •••• ,. tI I!' •••

Sodiumbl~bonat ~••~••••••_••
Llth~ bloarbanate?~ ••••••••••••••• , ••••••

Calo'lum blcartu:mat., .,.. iii •• it ' •• '. 11 41".

~.81um blcar~oD$te•••••••••••••••~•••••••
I"on oxide (ItJ'rlo) c .. '" " -..• iii .. ,. , ,.

SlUea

ft. t!llll\p6l'tIItV$ of the ~v".1o $MlifaDf,tflli ll].)"ins' llm. to.ted. on two ~
tlUi'oe oe~1II1CIM MO. fGW'ld to be abou.t 15 C" In J'ltJ.7. 1894" 1t •• alto the lIo.M.
en CIlOl'!iW rn. 11194. I1otillll~tlve 441$ tJt !,lute co14 woa\beri the· t~teJ'
l'''Gl$tol'lfl(J .rd/Jhtl,....18 C ClIP lQ1l!$I'). and &8Ain on JIV.IWlr810. 1.a95. after a con-
t1n11Oll8 perle4 of 0014 li'l!Illtbol'. the t p(iutlue Qt $$'101'$1 "t 1IhlI_tineD WEI
tOl!ltil~, and .. leEl I'll \1I&tOI'11'001llQll, of th$l:l abc talte. 'L'ho tllll\peI'4~e$
obter'1c4. and tho red&.os obta1ned 'by eYa1>0ra.Uon of tM SI!lIll1l108of ftte1'. are
SlY n in the lIubJolMll. tabb. '!.'he reoldu. IU'O gb(lll J.n Bra1n. pel' 6.UOa.

- - - - - .- - .. - - - - - .' - - .. - - - """ - - - - ...---~-~----~--.~----.P._._- .. _------.~--.~~
Date of 'l'es1l - - ..... - ........... Ill•.• <0>1: Sprlll8

Ute ute1"."01 IIl!Inl tOll. tl'Ol1. Cbtet,

............ 4""'!' ... _

Itla_tbA
B..... tha. No. !

Deo. 51

(!enlpetoatu, ..e. 0.14. .Ih 14 .6, 12.0. 11.0 I 11 .5 I 11 .5
(Rellduelil 170..40 ...... "lOO.6Ih...... I 119.16 t 61 .10

J~ 1()
Irtlemperatul'ee 0.14•• 6. 14 .5. ., .01 •••••• 1 tlB .0 • 11 .0
IRe,14ue. lIN •.57 17lhU. 1115.00 ........ '. 111.86 t 60 .85

,. II .." _ ,•• " II '/If, ••• lit " " Il' " a, a ..

"A tI!l!'llptl'oclpltato of 8n lJ'Gn OOlll1lCuMblt4 t'oi'llle4 en4 SGttled boto!' . tho
ena1yllih •• ~-th.roltl11tl 18 tJun.-etol'a a Utt1lll lllll/.

I \'he lUawatha .pr!.tl!J 11 eovMel1 trUh an "'on cap, Cf.lJlllltlt",dto the 0Ul'b-
1t'I8 and_to. te,ted on cembol' 51 wae ob\a1necl hom tba ovod10'1'l and cM<#lt 1n e.
sallon IllOalllU'e,and all tho "nllel ..... cold tho tempel'atl11'lII obtalMd .11 pllobably
too low. On Jll.IllU\l'1 10 too thelt'llWl!letel' •• MIG 1ft tlw_tell' IiIC6pln(; trCilll ~
o,erflowplpe. 'i'b1l overn. pipit 14 bllt'led under tOfU' 01' tho fElet of gra901 $Ild
leeoma twent;r 01' th11'1l7 f06t ln len/1lth.



fhe gao Il!llltted fl'OOl 411 of 'be" EiF~O Is po ovbon410:ltidlh
'j.'he q,wmtlt1 €tivOlI off hOlll the dlffenn' epS'tnJe11lqu.lto un11lte. vlU'7~
1TC4 3 few hun4rod cllblo cenU.tNs POI' hOlU' to th1'e& OJ' to~ hUn4ro<l lUna
or 1IIOl'G1n ttl. Navajo and Ch.,.e~. '!h!t fl. fl'lD eaoh lIpriQS i8. genorllll13.
d~~ tbiI groater part of the ~. vo.,. untfOI'lll 1Il q,tIMUt;r. t1\OU(;11 it 1e
ea14 tbat liltte .. hQIlvr DiU or when !l1lOW 111moltf.xg the qufItGlltt7 Sl'fOO ofl h
ilmrealJed. 'l'hh lnQfGUlI Illa,r afi" fl'Olll SlrGliltQI' bgdtoetliltlc p:reSl1lU!8of the
tmlU •• tre/illllllpol1 small venb 1Il tNt oreoli: belt anI1 W'.1lIlI$l1 vento alons_
banlce near the 8prlng.. thUlJ foltCblG more •• thl't.'lIl{Jh tho _in channel. The
tOJ'(lIllOll of the bOtt11rl6 411,tatmmt of the ManUlou lUnenl 'AtOl.' acep~'11
plant 1'8POl'1Ithat III iUmf.nutlon of the no. of both water anil ea' oeOlU'fIIin tblt
Jfa".~o ~p ot spl'lJIall d.u1"1nS tbe 001de,,' "ather of wint... It III to be
oballrvell tMt t!le Ipr10e waters ne....or become tus'bld 01"1'0111after "0$8 and
treaMt •• altbOUSh the cul'f'ace 8t1'00III& are oSll8ct.All1 affoot$4 1n tate _y. one
of thO CPl'1J:t68 of tbO BiaWtltbl!t.groQ.P (tbe oovered oDeI 18 1I1i6htl1 _b1d bam
ineoll1bl. ealh -g;hleh pl'obabl1l'oGUlt tram _MUons OOQUoIIin(j;in alo. Pl'oxlmtty
to the Illl"'ln«. Some I1t the iilPl'lr!gwatete on etMdUls, qll1ckl1 4ep081t .. pre-
Cipitate, flhU. othol:'e, even i\'<all. t'bO IWmO Cl'0"P' of epl'llltl" r-.1n ol.al' fO'fl I!\
IllllCb 1.»(J1l1' pet'!od., OO1l.Bld.rable prollllUJ'e 18 4$Ve1.oped \1 the Os04P1ll.$ 6Q wh.
the.tare .... 1mllle4iatoly bottled M4 beblilUcal1y .-lea. a. ooon alii dl'lllw from
the sprbilJ" Ll.U'8eglaoa vossel. are $lit to be buret b;9'the presG1U'Oof cae it
f111t4 q.uite tun 'borol'e ~J.ng.

!liM oufac. 'IlIlltel'll In the 4i$tJ'lot \IJldoll' e1lll\lll1~t1onoont ..tn re1aUvely
'f/0r:! S!lSU q;aanUUea of Illlnoral lll!'\tterl 1n 1I01uUOJ11 1101'are tiber. t1£ll'~. Ol'
pooll in the ._ lIIhleh dm1ne tht'Otl@\ tM Uti. liS tbat are li:nIltIn to be hiGh
lII1nol'lll11sed. In th. uppel' lI'lrt 0' tbe Pal. lletwen Caecad. am Gl'oonl.tQUDtain
Pall. tbere • GjOlll'lt/G1l'llIId mu41 Illal'liby l;1J:lCltllwmro .. notable qua.nUty of
lX9I'b'a.ted_Ilqulolde, of iran ill U'bo:ra,ted hall flltuC1nan8 _tel'S, e.na theM
waten 0" ap14.entlf 1TCIntho: atan1to. GAtho ""tb. 11ide r.f tnlil Paelh Wo
tbll.mal lliIf'tJlcll I/.re to\lJld In thle viola1t,. C~l' than tho$G at u.nltou..

~ tluJ three MA1yooe c;t'lIll above Oll a basis of diIlOll.elm. and 1111re
also the 1au1' "hits .e Mta, ceda1n. points NllOIlGthe m&Ii3 poe.lb1s WetollOes
..Ul he'. be l!Iote4.

1. AU the lI1ltinall hold tblil lIlIflIe_'8 1A solu.tion,a fast ltIhloh 8$(ll)1l!I to
pout to a ct'lllZon odS1n.o

2. filS _ten of tho B5Y1;\Jod lJIWtOll llP1'ina' ore almost 14lmtlct.l 1Il
llllMl'll1 contlant,. oil. the TJtIilIron Pl'1n(~oontAinll " IllI10h
ema11crquanUt;ofd18tolvllll1 .. Us..!!herel.a18O a d1ftel'llMB
In the w660bil ot tho nlid.dnell trOlll tho H1GWlirtlla8P1'1Mlh n 1e
'f/e't1l probable that Pl!'S'\'lolatSJle1III)tel'II f!'Olll the llt1'8ll1llS Ol' h.
100&1 Doepeee chanW!llll,; IlIlIlm tbel. _,. tnto t1l8 lJpl!1rIGe-aueh
1ntlux. ~1IU 8rtl!\ter in sOllIe eprlDo\l8 and t1!Il1Uel' in o1;hon. Itl
the UW Inn .pr~ calQl12mand ~11"Wll are 1011.and dUca,
chlorine. boon, GUlphQ1'~idef soda ~n4potallb 1"01.1111'817
hiBb. 'l'be f.l1'olC"l~ of the sprll'lt1 to the 8lUoato I'~k' oli tile
ltO!lUl. am tl> tbeYo!.'f In'lOOm sl1lclou8 ol1url. l_~tOm'S am.
~rlnn qw.wtdt\J. on the north a.n4 wet, $lSSliIlJi il'et\Stl.l\JtI tor III
posllible Q~ in tllb epJ:'1I:lG etol'. on thB llI1ppoe1t1on that
11111Min lIO\1l'oe 111 t1\ e IIl11lleaD that! yle141tl1J the fttQ'1l 0'1 tbe
other groups.

5. \'he Pl'llltGMe 0'1 80 1 ",go qtl&l1tttha of t,. blo31'boM'te1l of cs1Cl\l1l1 Mel
lIl!l6llOlItum potntll to a pl'ol~ oontact of t11l1_t ... with the
lSmolltoM'.



4. 'fbt awet 1I1l1llillablfenee ot S.,01ll _Ueln4tcatell either II 1I0lUell qdte
tNfI f&'Ol\l teS'TQ(;ltnl)U,em1ne".,.le. OJ' more pll'O"bl1bl:rtho oddaUon 01
MIlllOlY$d 11'on ~ 11Is prGdl)U,IJ Pl'$Olp11ll'lltlmes ~tlill1. 1I01IqulOi:lde
b7 tba C.. ,bfltlll'otoll auaUtu, llJIIittlln with 'llhtoll it Clllllell tn eontl!\Ot all
thIr 8to,. I!lOVOtovud the opt'iIleJe.

5. 1lIh. h1eh poroent«lQe o~ cb111t14•• t'A'JI 'I\l' ~etlve4 tl'Cllll the sUurlan l'cclito
0' ,,1tb les, l'l'tlbllobU1tl' fl'QIll the 11)0'" 41Btant .1o:rat1'11111110bode,
81M. no .alSGe 4~oeUll 111t~ &1'Q k;nI;lwn 1n th1lJ 11&o1nf.t,.

6. 'Phs lf1rlii'l pOl'Cllnt..,~ of lf04IU1llbleU'bouH 1I1'0'll&b1;9'indios". an ol'f.ejin
l\llIOh€l. sUlcate rook., whElno.1lhe. e~ (lind potaehl1!lq OQ!l!!l lo\lI oa.-
bOMtlOll fol'tle4 by tho MoOlllPoilUm of the 1'ooltlt bf •• lJpb.erlo
_H"I!! oontain1nlf.l cl!.t'bontc;A014. 01' all a1lllll1tnet81110$too. which.
I'~t upon tM 11m.lIltOMIt (oalclum oarboMte) belon 1'GMh.:tng the
8lUt'Me.

'I. t'he fIU.lphflitGIIR7 Olllllil f'rlllll un~enmllW!l bode IIlWl'b all fire tollJlll two OJ'
throe mUos &11Ia1'. h4 Iowol' 4mm tho l.l't1Unta1tl.01'0*. bQt It $.t 11111'"
pJ'Obll'ble flbIlt the,y ltll!lllll kl. gl!elltor p!U't at Ie",.t tJ'CIll the QZl~tlcm
of wlpM400 111 er4!m1t"~. !anOUIiI rOClId w even oe<UmentlU7 'be4fl~ 'l.'h&
llXldaUon of fonoue fIU.lphats, .. 1108wata,acrlbo4 .0 OCClU!l'ine in
tbe Uta 1'ASII, gives rillG to I!U1phlU'SO 11014, Iln4 b, tmbceqUllnt 1''''
aottOl;'}.with c~bo.nates"'o f/lllphata. of the 81!la11ell. !!.bl)tel'rualnolUl
dope.ita ill tbf broken eill1l'lan 11lllestOll.$lMlellto ~ l'08CUo-.

8. no coneonttBt1on of tbJ ooll1t1ollOo-tbAt 18, thB IIltG1l quantU,1 of
muoNl Clatter. oontained in too IIpf1ll6 _to". eCllllJItevle.entlT t»~
pl'o1(lfl(!:edoontM<Jt 'Il1th rOClklt. ao.oh fll YltJul4Ulee f100lll peroolation,
Il!lIl probably alao ft'Cllll en WI'O&ecd 501170nt POftl' of the watol'. due to
bC!llt 01' pns8IU'O. OJ.'\loth ollllb1rl44.

9. __ d1ff.renes in tOlllP ratu.l't! of the eovOl!al 1IP1'1llCa it r~ltabl. eo a!:l0lV-
ln€l ~t et the!' 1lhe fttl.ll'lil CI.1lI«tr(ltll dlfteJ.'$l1t $l)UJ'''$ •• til' I' olllll1J!G
trOll the tI/l\l!Jet\0IU'0. MYObeen <looted in an ~1 ~o b1 pal'llll!U
tlU'~ (live"'e etn.tn. 0' ~ thE! lnt1u of cooler. to:ret.en WIlt rAt.
It •• OIS!llll_ 'Q1\doI' (2) _bove that the lllDat p1'obllblo 'flew .8 tb_t tM
Ilillome _tot' 1lJ lIlI\d$ to VUf' UPOlll1t., or 41'.011'04 l!I1ntlI'Gl l:l!1ttOlflt bJ'
thO ac1llWttlut. of o!lJlBl' _tOl'll, end the vanatlon In tempel'atu.rll bewllOll,
the llPl'!n«. w111 b0 tw.nd (lD wpaottem of 1lho t bIll above to \)$ in
IIItrllt~ ~ with tide fl\l.Pp0l!llUon. !!.bo t~tQt1U'. 111cenora1 18
101!tY'~en tho mSnOhl oontont l.lI 101MI'. but It Ibcl11d bill lMl!Illll\bi!il'ed
that tho 1n1'lQldltiJ tw.~ waters ~ a1lJD pallO ~0U$h ot,a'll. '0
-'P1;9' blU'J.04 aill to be lllUOhWNlllCI' tbM: 111Gb ll'dl'taoe _ton.

10. The 'lal'bUon of tM IIpl'1D{f1i betwcan lIllIil!OOl' All4,,1tltel'. in thai .. oontootl1
of lIl1f1lUl'al!rIattQl's6.1em_ •• 111tM Q.Uj!mUty of IIllHI' fltM1ng h'(iI!.\
tIl.elll. and. 1n thO volllllllof call' l1elded. t08Othol' "lth ~1abl. tmt-
f~1t,. of tllllllpOl'3tul'O '!lbJ'~oo.t 1lh1ll,¥#/fllI1! In fIQlllG of th .• ate
ev14Ol1U;r.elGld.ricant ll~' 'i.'be oaWlllll pt'04ueln,s the '1'111 bo
4bouese4 in llt:l'blfequ.mdpa~pha.

!letel'G pl'cCMM.Q3 to 4oduco fJi'. thll flll'eg01lle etatement a thcol'y of
tht uJ'lvatllcn of tbe carbon dJ.o.'l:lde of thtl !ten .pr~!I. It My be
holptul to .-ooal1 to m1n4 OOlllltof tho upl$tlaUono lIlOst tl'eqI16l'.lU" chon
for the prfl(1lUStlo1'1of Mtll.hl call in 1lu'se qwmutlel'l beneath the ll".l:riAOO
of the m-ol1ll4. Fb'lt. then. ~ ·be monfllomd the alClr. W\tul'!11 d1etll1&-
Uon ot the 'btU'184 OJ' .108011 OJ:'eM\1o lllIlttelff.l that al'o f¢Ulld. in !Mrl,y
strata. nllt&'bl, 111the abales. 'lbo vo3Atl1e pJ'lIdnots evobed in ihl0
lnl\Ml\I1' oont-.1n lares qu/lJllt1tlea of lO!\r~s and tdmtlal' oa:ib~Uana of
oarbtin and ~ocon. lI'lth bl1t llttle Ci$l'bm 410"1&.. !!.bllftc . Metrlbtl-
fl10n ot cae "811$ O'1el' tho oountl'y ..t~8t8 a very 6$nera1 dllllll1cal action
of 1\h1s eort 7U1~ OQII'balJtlb),Q callOlI. At Oolol'lldo City, tb.J.'ee mllGe
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all/tall' frOlll the lJf.an1tQl1 lIpl'l~". a l.'Illl611t'18 of oClllbQetlble ~. hae been
o1;lta1ned fl'om tbe 1;wc 'lIQlla abaad;¥' bo2'Qd. A ICCOndellol1llG,obvlouely a true one
wbel'0 the PJ'O:pll1'eond1t1 cns, IIdet. 18 found 1n the beat of ),avalt ot taMlle rocke
'lhSI'G they CCIlUld1J'<lot1;, 1n conwet ,,1th U,IlIOl1toMS. tt .. be 1l0l1bted wllethGJ'
me'll. gal 18 ever pl'o41lC$4'b1 actul:>l 1'1.. of tGl!lperatl1H tn th1lJ ., without the
atd of moisture, bQt t1nqll.OeUonably w.petluJete ... tlll'lI eul71rllil d1l8olved mineral
mattel'lI GDI1apOQlllpcnled 'b1 1/apel's and gael! pl'odllCod lI7 lmch st!MWl rooks, would
effect tM llbet'atlon of th1l gas. Th1ri17. 1l,mestOMe l1eeP17 bul84 uMOI' 11
late1> a.tpolltte of t'oOk '1111wtioJ' !WI. lnofllSllG of tE!lllpeltat"" lble to the ,le of
hoceothans. e.nd heeto4. l:llMraUzo4. wato.", "lll then br1!'la about ehfllllS4al I'Ilo'
IllltloM with the lS!ll.$etonea. ill!:lp10d ••e or tllmpontue alone .U1 not sUffice in
IJ\14lI. GMlosed. eues to liberate the carbon dlO1&lde, thOl.lg1lwltll the ald of
1ll0tetllH 1t IlItWmetfl/llOl'phostlthe Umelitollee to marble. A laot cautl4 to be noUeed
here til the eht!lllical deOOllIpolllthn of UrlJelltOl'1tleeffeoted. with 01' wtthou.t h1e:h
heat, ~ -.o1d waterll 01' lI7 et\1ta whit:f1 "'!!IMt with tJI8 CQl'bllMto8 of lime M4
~1'l81o, lol'lll1ncra 1'l0l7Sel'le8 of salte M4 ettln6 treG carbClllle acld ea8. \'hie
last eautlO bas lIGenln pat1l llolltieipated in the t\!ll) Pl'ooed~ theodoe f4 tho
derivation of the ps.

48 tb8 /l.eve1op:l(lnt of • tllOory of 1l\e f01'lllllltlon of Ol!ol'\londioxide
,rcbabl;y turhll In no SIl)t.IUdeeree I1pon the e.oUon of IlUblltM08lJ 1n wlutlon
4Bt1ved t'rQlltbe l'GOltll., 1i1 1. appropl'!ate 11$" to consltlf.ll'lI<lIIlGof t2le reeultli'l of
!nve8t1~t1on alotlC t:llls 11M. Tho 41.1nte,,~tlOl1 of /lI1l'i.'Merocks b;YI1tlnoopherlo
~eMleB 10 very apparent to the .,.. M.d tbe product. of thiB resolution ot the
nckli have been the ll11ll.!eotof ~tl11 .tu43. Car'bON.c e.oid hQll tho atlnollVhel'o.
OS' that 4el'ivoA hClllt the old/l.eUlIft 'ot cle~ OS'ganlc MttUG 1n the 8011 pl&70
a ve17 1mpol'tllolltput 1n tMdUlnt08l'atlon at dUcate &8 well all of oarboMte
I'ooke. It pl'odueoe 1n tbe tormer olsID o&l'bOnI\tee of tbe a1lls11ee am IllkaliM
e the. and the lie .n& al'o .... lo4. a~ .).0Il,1 .ith lI<lIIleeillean GI14IIIOta1110
earllonatGe. etc.. 1n thO pereolatlna _t&re. It 1. lIello.... ttlQt all l'Oo.ke. at
lead to vet:y great deptho. are JIll atQ4 lIII1.tb. _tor 'lhlch hall IIlI:\de 1110.., trcm
tho slu:facedo1llllRt'd. and lIIhlchexel't8 llollacUon Un that IIM_ on rocks nacr !ilia
lIUJ'faoe of the greund. .u thet18 meteoric waters descend the1/' t1"84u.l.ll»- lose the
liON aoUve elcmente. Meeobed ox,n:on.eM oe.tf)onl0 aoi4. wlth whloh thq ~!WI.
thea Jo~be~ esba\OlItlld1n llhcrt MetllM.' when tho;, poroolate slOWl1/'
through the rOCko. and earl7ina them to el'Ost depths IthOll:tbOl' pa88 thl'Oos1I POJ'OU8
or sho.ttel'ft rocklil. Gspecially "boB the, tiM chanl1ele or t1ltl!ita1'GSin IlIhloh to
nOW', but as tho waters reach Illore 'deeply 'btarled lOMe flo 119'1/'1'01I01"8n1lPOWllJ'and.
chem1oe.l acU'f1tr Ie developed 1n e,.,a.tn and greater 4eZree by the lnoreall1!'la
1\OIIIt Ml) P"lJlIlIU'Gto 'lhloh the1/' lI1.'elJlbJeott\d. Under the lnfluenco ot thelle
stImUli the t\l)t!llllOhl~ of roCkIi pl'llCeedo at iii 'falitl1/'lnoree.$Od. rato, kIloIW~&-
tlOl1. aOlution, chemical cmblnatlon and lu'yna1Uptlon 1\f01'1't1n6 e ellllollt. oelle ...
leslI clIMe- tn llleJWk1nd.ll of.' deep1, blll"tod fCll'IllIlot1ons. 1V1dence of tMB holal\ten-
elloot10n d hGstod wallen 18 affol.'ded to un 1tt the het epl'~. of all countdee.
as a rule. waters 'Jhlell f,BBU8 from tM 8lU'th at hlch tlllllPEll'iltU88 bl'tna wUh t1'1Olll
8XCOllIJlve ~ttt1eli 01' 410s01v. mlMt'allll'1tten. '-'he mol'lenl theol'l&e of the
t:tll1n(l of f111Iilll1'1'l'felna h larc;ell bl.Uledupon tbe ~ato .. eolllblUV of
81110iou.. e.nd calcureGl1IJtOl\llllPO'Wldil.metall10 oulphidell ll.lld othel' vein mattet'. 11.\
the h5ted _tel's at the doepol' part!!' of the flolI,l'th's cnet to lIIhl«tl Il\1.Oh crevices
extend. fJ1' to _ters hested ~ 1>04188of teneus rook. lnproceeo or coU1n(l,
althoueh of OQUS'SlJat ~ depth. lIlla11 or tJNil.t. tho solvent acUon of water tall:es
plllllO, aM. l'lolution 1llIlo' proceed more li'e.pldll 1n oae leW of rock 'tMn e.not1llJ1'. '!'he
appl1cation to be IllIl4e of tbe fONg(l1ncr O'bMyvaUomd pan4ll upon the fllOt 'tMt
_to" thWl blsh1y ohtlr~ wl1lbl!l1neral lIl&ttel'B 1n roa l'issGnIl ,,0111dbe "ell
ll.dI!Ipted to prodtlCe l'ee.otloJ1\!lu.pon U.menOl1e8 U' thq lIhould chance to om8 1n conoo
taot with them. 1t mould not eeoape notice that tho flow of ~8 at ni1l011take!!
plaoe w'thln a very If.!!lltEld sl'(la. Md that no otMIt o:1lllUal' lIpr~1I are fouM 1n
t'hili lmocllate l"oc1on. It llJ 'lor, 1 ~l phenOMnu. tovll1.' tM ca110~\!11llhtat:
sive l"lee to the eae. tbf>1 ean have no C&Mral a'ppHcat1ot!. to the Idm11t.lr eel'1es
of rook. estel'l/UJla fo!' lll«II:l,1 lllUell /;\lo~tbe llIOl1nt~in slOPSII, else the aVI4Bnoe of
the11' ac1l1on woul4 be mo" widely 41etl"l.bl1ted. Bence $OIIlfl 10Clal C8l1e&1e to be
OQtJ€ht at Manltall all tho p:lI'oIl.ueerof tb.e ~lI.



RadDG twa examinoo. thO ".ltl1Ation at HArlltou 11I14brletl8 rovleftd 80111e
theorlell of: the eyolnt1on ot ttlU'Mmto an11 sae f'rolll tho CI51'th~1t 18 ntl'If 1l08s1blt
to moH detinlU17 .Sl!l~ a "allonable calUlll atl4 eO\l.llOtof thl now of II In
qU8tion. It MCIlllS ttl be GeMrally agreed that the carboMt.lt tomed thl'O\l6h tbe
4eel.lli1pollltion of lJUloe.ts no1«l bl atrl'1ol.phol'lo .te1'1l 1111).not ~ ~ mom. ...-
l'IoCt1onain thoue neke lone MQClQnt tal' a ).JU<e9 llw ot etle. ;\180 the ."ol11tlon
of carbon dlo:ddt b;( the e101J. natut81 4htUlatilon of ~bOl'lllCtou. Hillel's. 4eep-
l8 'b!U'1ed 1Ii. Ift"ta. 1. an up1SM1l101'1 D!)t 1loppUcab1O to the J,lZ'881l1DtCIWle. 'tIeemile
of the g2I'OlI<t pu,J'lt:; Of the Ii!Qnou. pl. 'l.'bo 4S..~~t at the CSII f1'(lIIl lime-
stonGe IIll'bJllOll$dflo heat fl'iltlI dll~ 18ogell'tlrel'llls appeal'\! lIapl'o'bable beQlJe the
.trata at 7J!wtou. 'eellle not to 'be "017 ",",11 bUl'iodt. and bGOIiW19tbe salt. tOW'ld
in tho 'lliatel' of' the IlPr1JlCs ,olftt to anotoor 01•• 1t or l'oob a. a sQU'I'ce. e.n4 aleo
\ll!CatU8 the spl'SJles arc canlllwtl to eo UmSted an area.

'lnw ~1'C1IeJ1C.of lI'lAGll1il8 or fGneu.e rook. near tbe Umlll.8t0l1El8 ~ be l.1oneldElJl'·
eel a ,0$81b1. ap1/111'l1ltlltonof tM {h$llO!llImOn. dnae th~b no aucl1 er~tloAll out->
01'OP near VM1tOll. there Il!I'I¥ ;,y'6tbo lntl'U£l1'fe 1lle.ll1il$ltat tbIIrl buS.ed moro or lell8
l\elllp17bClll\eatlltM g:tavelJ ar _lmlultoJ'1 belie. Tbll _torI' cf the epl'1.I:IG£I 'lIn)u1d
probabl8 hlilVl,l' • much h1{Jl'lM' ti!l.!lpoMtlU'8tbBn thO;,' 1101'I pOlIlJbll1il 11 t.lIJ,S"1lof tgneus
rock retllbd.nG eun oufrf.otol1t hlllllt to ~ tile _tel' to dls.ohe its llU"(;o
peroentaBe Qf ll'llnEIral IlIatt., o~ in tbls 1\lll!!ediate ne~borhoed. AUogethelr.
J.n the ablSQl1Ceat eome pOlUt". 89ide1lCe of' tbe pllell$ll.CO of liIUOhbeate4 )/OOk8 th18
ospl.an/>.tton fist 'ba qnJ.te dollibtful.

n nnalJul thim to lllaCU8S the pro_blUtr of tho ~l'lII$t1on of 1hta ~.
111 o~ HIlQUo» or 418801ved mbataM. 1ft a fllllJ at ftttr whlch rll8Chea 11M
1"'.1100011 ot tou., M4 110&:doIIIJ.M whether tNl ..e 11ft e.t hand sO\l.IIOes lIIbeneo
thf.li ...Uno .ol\lUon ~, haesnL\b1¥" ,.ote<! to 0". fb10 explanatt6n. difto"lt
tra t)le prece4lnt3 O!llt ma~ b thtdl .~e of the reaot~ aU. 1& mo' remote.
:Ie 'hel'$ Il\U.4h• _eoe of aoU"ftlchlllDloal 1lO1u.t1onapz'Olloot at l<".a!JJ.tou.ant\ if'
thlIit be allsened, wbat edd$llC8 cu be lIl4ducedln ~ 01 .. thaolr)' of thlll lIott?
It 1lU" be 4&lltte4 that pOlI1tbe pllool 1lI not rlO\t .1ItalMble. bUt there as'G .ome
OoMldeMUcne 1lIl\1Ch'/lI11of be IU'gf14 in r.101' Oftuoh a theot;r.

Rdol'enco hall abeat\Y "en. made to the flm11lt and l'OCkooeUp. at Mnn1tOl1.
end to the p1'Ob&bl11t7 of tho P"liIQl'lO&of an Qatelilt". ,1IZld,,*otoua4 :root-
tb8U.1'8 e:cte~ fl:oOlli UiUlltou oont1l111oUII}J'along tha e!ellGftl ISM of tblll 'Ute
Pan up into mms.tou l'ltrl!l. In ,,1ft of the pre$01lO1 ot an eJiteneJ.V6 Ol1tflOir of
itlneu.e rocks IIOt lIlM7mile. tUetlmt at 01'Ioppl0 Cftek. ArId of $Ii O'O.terOJof
phonolite nearer still on 'he looth 14. of l'~" Peak. n 18 altoe;etbell' l1lta1.;r
tbat .. Mop tlllqlU'O lIUeb. IH tbat a' MMitOll. it net In ICllIIe .., COlUl(to1lednth
those dletlU'blw.lo. And th<l le'8 or lnto1l'1or Uq)ll4 I!llltteJ' undIl' thlll rea~on. 78t
penetrato. to depthl lltrq1.;r .tfeoUd b7 tM. hoate4 lIIOMO. If a f18mro
OOOlU'a .. t 1t0ll .hieh pen.1Ift'•• ' tih. euth'lI eJllUltsutno".nt~ to reach bleb-
1y heateel. 1'OC!Il1l. the Il3wal hUon ol:Jl'at'vlld in fi.llIU',,"velft fUllna wUl !Ie ve"y
llfJUVI'll,J' ln4Uced. W h~l1ll1inoBlbf14 IiJOlationlf wUI ",eSl11t 68 bef¢a eJtp1ait1-
ed. AI'JdU' flU'theJt the fbllQN at l~lIn1tCl1extend! to • nUOl1 PUt at' oClllm\1l11oatea
with tls$lU'o. of the Ctl1ppl.• C.... k 4,ll1tr101'; 01' lit th thee. in SOlll& other elevated
l'eetono the _tel's 1IIhloh.'fO~ore flnd od1l In moh rOCk: orevicos. woul4. tn
.. elt1t\:l thelr 16'''1, ~oNlrt€ flo ~1e.l lEl'lls, aaWal~· J:8GGat the 1(>,,01'
11011'111wbeJ19 the upt1nlJ:. are toun4.i Roated watel'S, or 1I't'ItlQ'I'l e'lell 1J1t{)ht~ hoato4.
on GGIll1rleinto eontl.\Ot .11>h tbe ~:rlm_~ l_.tOMs of ll!ali1tou tr0uJ.4 P~Olllpt-11 .~ \lP dhClUclll I'OACtlot18 amud by tho prBI4iIlIilO of eoJ.e1e lllattol'Q nob. a& tNt
oUlc&ta. of th« .1JlaUo" c.nd other _tab, stUoie .14. eull,!hlMe. aulphBtea.
etc •• 40dv04 f1'0Ili tho he-tea. rOOks. ft.. l'eaoUoua 1IIhleh~take p~!lQeneed
cnlE be gel:lerr.Ul.3' 1M1:cate4 bere aine. the, ua not peotllilllr to thle 'beo..,.
A1ka1tM .1Uoall.1I \Jould ~ to carbonate •• ~1nlII btoAll'boMt08. In. .0 tar ae
tbe. QaCUons nre po.. lll10. to Rlplato., or, -if c10tinG olllllblnatloM of'
111Mand l!Il'J6X!8ei.0:&1.. In the eUlU'1anls.atQno-to ohloI'U.e, In 'both c""_
at even. a 'tellY lIlG4erate13' e~ato4 tOlllP&1I'8t!U'f1.... 1tll the evolu.tlon of Arbon
Mod_. l1'OA51ts "old flnt b O(llllA,l eol'bOl'JIltoe an4 then pOl'OxUbe. lIOttinS
e/Ubon 4S.oside ft., llZI4f.llI1~ a tel'ItQ6lnoua Felpita'e. It tho wa.ter, .ere
onl¥ 11llsht11 hot. elUc1e Mid llJ\)uld fom lneoll1\lle calem dUcate wl1;h 11ool"a·
Uon of Qa:rbon diodde. In t.1le Cla,e of hot _tors tho 'ballllc carbonatos of
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~lIla alld plPobob1y a1110 of oal01l1l!1 wollltl. \1$ toJllled 4.utee4 of ooJllllal or 8014
ealt, b; raaoUontl of tM 11&1'. of 1I1OU.o. ate. 'l'befllll,wtth o1iMJ' Icnmrnan4
possible ~t10I'l.tI, MOOQDtfOl' tbe gen&r&""oa of the lae. lrbe Ml ta oonta1lle4
~ tbe fllll'!Il8 _'.rll ..,. 61" be ,.1 ..1.7 ezp1a1ne4 la "Itt by the" ftIIlClUClnlil,
all4 in ptl1't by Ji'OlI4t1on.~e4, ud Dillin ealh la_Hue • tbrooeb ,be
l!l.e0811e1onof eell~ _tEll'S 1A the lla~ to the .,~.. '1'bG oCllllQentJoat1onof
eolllUon., or lIh. bltJt PJI'CfJntage< ofaalte In 'be ... tel'. ie WQ11hIIla1ne1t b;v
tbb ¢eJlsnuo.n. A la:rgcl f'1981U11 11k. tll'IeOIl•• slSl1llll\ld to ubt at .ani toll. _at
NO.be ~teo.l0 _to". 'by llOllpl.l6. &10118i'.1Ih014l courltt, and auch a441Uou
'bl'lva "UIl them. ~h their IImU quNltiity ()f cl1'll4he4 _Us. The waten \!lb.f4h
oree ftOlll the tlU1U'e at or abo". BaatttIU milt a1lJo be OIlWMhblyehlUlge4

Sa ~.l oontenta by tM sceeallll of '"PRe' _tora ft_ the lOCAl I'ooka, flO.d
1Ibose ohanGee a:rlt pl'01I&blYetoatEll' .t acme pointe tliM.at otbG ... _ 'l.'be d1nerence
1A tl!lllPtlNtv. be._ the varlo .... epr!.flGliJ.M4 a11lO tlu~ll' 4U'fOr&1l1lO1ll Illwftll
matter. 4l'lIo1"e4 1A t11. _tel', lIla3 '''''M '" 0_1111, o"'Pla!lllad. fhe &Ul'f$OiI
_tell" do not "lII41~make tholr tIlJ;r \hJ"GNIh the ..eodI:to-roall:"tnto the lIPl"Snge
atI4 heMe th epl't,ne_ 40 not becomo h11.7 tUli1 tbe tempeftltlu'e of the .. tel! 1'l!l!llatnlJ
qI11teOOfletant, ~1Xl€:l atill enllllghh.,,11 to .l)e lteslsMt04 ae "'l'hmlllil" In tll'Ie
u. S. GoVtU'Jllllel1t 1'1IPol!'tl'l.

the co1noldel\oe 'oe1iwofm.the (UmSnutlctl of the taUII and tM'Ii of tb.e wateJ'
• a,nd 6111du.rblg the eo14•• t w1nUI' iliOntbll; pobab1.7 II1'ls.11 In thill 1lIQ.lUllR'. 'PM
feedel'lJ: of tIll. flllllV ... tlow &.1'8 tn lUge J,1lUt tho _8 lIt1d olea"lI,!'ltJoll'Mkll b1
the rock. &4~ent to the mata faUlt or tta blrucbea, lmi'1 thlil7 in turn Mrlve
thei», llGPP1y ~ the ltUI't$O. _tllrl 'lblah pjlJ'Cola" downwall'l1. ttl the "eq <to14
WltAt1let the n~ ......... 1... 11 l£nllIlII lr1NOtft,31'~lllU at hll'll .1 .... t1on....
are ~tl' 4f.ll1hS..-:t. be1l:la11914 In cMck by f'l'oe1l, 80 that tho au.pp:lJ' 11 leellen"
ell tn thelllllLs.n r.u.lt. tn 11k._$I' th. elope. of fihe Utet P$8l!Illt\4 t1W Jl.O!ebbOI'oo
boOllbiU., _lob. ffIA'3' be qpoee4 'liG~t.the "plG8 _~rl of tbe ,elUmentu'7
be4e at ~.Ollare H8tJt\1nSJla ('It, fl'olt) \It.ell' qlWta of the lfU,p1l17for the
.prblg,. ElIP"~l17 flul4 1Ih1. bI tl'Il.t if.... ll~. probable, tbe 1lI0l'O.4l1evllte4
aIl4 COlllpcll'atf;v'17 fIII:ladtld. south 814. of tbe PlIo fIuonlebe. the bQ1k of the ... ~
_terti wMoh IIlllM ~11' W,. to tile lfl>r~.1 UD4e.. li'!le •• eondlUol1l1 fihe tOlllJOftltur8
of the IPl"11'lsewould not ~11 enat1.7 'Iat'7 I.G l!!llIIIlIer0•• 1I1t., alneo t1JI
ooldellt !lU1'f$Oe_tel" of n.llltte%' .. __ tfMch lIl1IJele111_ tlle _reaud fl.GUt ...
_tElra WOQ14 allO be lflQIlh. dl.mtJUlboa tn 'oll1l!De. th the d$OIPR •• in water -oult.
0" a dee..... to. ol.Us • .w1 SO81ao of ,he ga. p"o4lI.ot4 b, the ~Uon. pre-
v10l1'1T OIltUne4.

1'he aa1t. oOlll1ngfJ:oorls ttle plllullle4 fl.o.ll1U" beDoath the l_ttone.
nato.N1b' 1lerI/l. to follow tho ~ anA be4d~ plNee of 1M etta1lttlc I'ock:$ Ol'ld
thtl.e to ~ their.., dll'llll tte OlJtwa., .:.Opt'& rithout Olllll~ to tb. lllU'foc-.
'l!he l'0818t4nc. "" th11l flow riJlIlllUtlG ftQII trlcUQA and pel'bapll fl"Om lfI!»'» tolds
and talte eIllIt tlf! man11ot-. caWles tte ,*tllr. to fOl'OG an aU t~ the brokon
and to14ell etftta at the "litem l1ele of tho c1V. '1'111two 1I!Ill11 fluell of llI.U"'o'
r.co r«:tk befocl'Omnt:10n0d apM to 81v8 in th.lr 0:1'01'100. tbe 0P90rtwllt1 frit' a
tlDal. eecaPl to tho ~o of thIi ... t6l' Md ga., AU tbe o1rCUlll'tano .. , thel'O~
to1'6, eO~H 1I1th the poll1tlon e.Il4 flowot tho llPl't.neeJltllll1 the IllWI'II.l 00'"
tents of t1le -.tOl", oto., 1MB to be conalllten1l ,,"th, it tb&;V t\o oot fllvo1" .tM.•
e:a:pbllatlon.

llrlef17. the, the thea.,. adVl\llOtId. of tblJorJ8Stt. ot b natUl'lll 6l" at
Il!al'.l1tou ma,y thue be INIIII!lIU.'hod. "or P!8ft)Ol..t~ thr~ .11bte rock.1Wl
'beomlll6 h1gb.l, llIlnOft),1l1Jd WIde.. fllvota\lle OOllcl1t1ou of tClillPEll'&1;ua-oand s-
lIll1l'tI ....... 11 ttll V!I'JI3 tbto~ onoke anll p~tOWll1~tb&11". tI;r tbe.l!ICt1on of
Illl'&vit, _ tha UOeMiOl\llll ponl' tm,pal'~ b11:lea~ to ,be 1.1lMfltOftl!lIl .. 811m:l.
nol'\h at 1'11a.!l11l0ll. It se 1:10" lnc.. e._ in "01-. e.nd In 41HQ1'fe<'l, 8Itlte b1 tbe
JIWllel"OUflodditlonEl of SdpllSe •• tllrs flrQll the lQCllolroeli:., aI!4 al80 lonJ'ed In
tQlllp$l"lIItIll'6 at too po1nt, W1le .. tbel'lO blnl1SU occu. By abmlllQ) I'OMtlone
I'IOllIO ot _ <UeGl:lbed oUte ~ ~ed. 1lhe OlQ'tlG.ll Uox14:e ol'lg1Mlly be14
(almost GftU«17It.y the llme,"onel 1El ll~l'&tfll\ h'tllll tllB oOlllb!MUon :b1lt Us-
1I01'ed tn the nWJI on SCIl!OIIntoS thII ~'~I1lIIlUc pres8Ul'e. Ae: tM·



'.atar. 1rle through the tl.'1'e,stI:1~ro~l. WV811d f1'CII!l o;raak. and leem •• tbe
presllU'IJ doOr.sea. I\l\4 more a.nd IIIOre of tbe 41.101 ...$4 e&O caoapelJ trlllll the
wa~l'. unllU cot last when tbo IlUl'fM8 til J!'eIIIOhe4 at the 11'10'10\\8fl»l'iJlBlI the
ails Clmi!IJ'6Gawith tM l'I'tbnto flow 4.11.\I to the 1~1'111tl\ts In the C!lhGrmel!1of
lIZ1'!;.

Of ~ll ~ ttmptatlonll to OlllllptlJ'lllonl an4 eenerelhatlon, er-lnaou.t
of hi. 8tud3'.4 tiM Ol'latn of tbI natUl'al gtlfll!ltl at ManItou, the "..iter .,.181411
to tbe two tol1ow1~t (11 the oaYerlUl at MMitou l'Il8I'!cthe scene of a f'OI'lIl.r een-
.14erab1e oh!l!llml fM)tbltt. pOlllltbl.t I~ b1 tbe same causes tl.CI!I et .B tn
the 10'lllG1'ett'eta 1n tbe lll84lnllI' l!V:lntlonoll ebove. It 1b8 tbeoJ11114~ in thl.
paper io tl!Q8, oa"enl of' 1JJ1:11kk4 _1 n_ be in Pl'ClOGS.of OXCflva'lon .lclh
"U1 1n tllll8 tS:,al 01' .u.P. those 80 lllMh Alll!I:1I'tI'/. tn tlle now dl'lllned and f~-
IllOnto.l':r p Jta of atl'llltllt on the 'lIIlIet Bide of lUl!iIIlE!'oanen. t 21 fila dAtil In
thl hlmds of tM 'lh'iter. coMI'JllA1zIa tbt QllU"bonated manaal eprttlGo of 0tM1'
10caUtl" aM too ~1't to po~U of lUI,V vor;( genel'a1c __ 1'1Il0nll or cl.odActlomt,
blAt it lIrou14 apl'9ar- ftcc pu'llUGl.l.G4 delCl'lptlomt that 1n llOlllG n0te.b.:le inlltarlQ&.
II.t lRet, the flolll of CtU'bon 41ox1de.. J\\lJt atJ at l.!4\nttou. QOt'ltU'1l1Ihere tllllu'O 1U'Il'
no tenGUll rooke, bat at pe1nts Whore tle ol.1lU nckll Mye been t'&u1~ or ff.·8llUi'ed
belw ove~llflna l1lllll!!ltoMIl. A oalle 1n lUll.lItratlen occ\U'o at thG earatoea spr.1r'!Js
Ul WElII1'011:1;. TM 811ur1lm. Umeetone ta tllllUN~mlted ~ a fillSIWlt which 81tanda
down tnto title IlJ'OhMsn 1'0011:8belC1V, end no otM, v1ll1ble OQ.U1Il!l n,ptlOl'll for the
senefatl10n of the Gl'fh Aloo the Qotld1t1ont ¢f •• Canon Clt,." 0010., ectbOlll\ted
lIprlnc:l' BeGll, IrID 00 ~wt1on of' tbe /1lflologlcal IIlIIlpeto be ver, s1m11ar to
those at,r.tNtltou-but !llbe write .. has no poeltlve 1!!n<l.. l11~e al to lll1etb:ll' or not
the toak t181i1lU'elJ1n tlJ,ttJ region ~ totbB do1n1t;rot tbe epr1l!elJ as 11 the
oaM at 1!&ntou. The pubUl,lhed Ma1;rllOl!lcf the nterr f1'0I!I ,tbl:l llP"~lI at Canon
CitH show that SJI, .. o.peot or bo1lh tbe t1n/11i1 of IAU. 'and the (llUlntlt;r of thtllll
prellC!1t. th~ "or'S olcs('l:v Jtelilelllbiollbl llpr~1 ll~1dan1tou.

'!'hit oooondpart ot 1ih1l paper OOnlJO"UI the use made by the lil'lIIUllcm
IUno.l .'$" Co•• of thll natIl1"Q,lBA' _loh Olllllflfl hom the opl'1naa. Ii. dellOi'1p-.
t10n of the stepll twwland tbe apparatus deVised to $C0ClllPlbh th1e m 1M'll be
of Lltte~llt. In tho ~tly ~. the gav_5o s-e\IP or Ilpt~s 00111011an4 fbllled
LIt a peaty lI101'11S9. an4 could be apprOflChll\ldWith Uff1culty.. ~ No..,. apdD3
\6loh (l8'fffl the mo.t gal liIII4 _tel' _II then oub04 with IH\I'!lent and stcu alid thO
l'I!l!QIllI) tined up 11'1tll earth. 1!'rOI!I tM. epriIIG wall ~ 1lhe wtel' pt1ll up by tho
COilIpanJ1n l&a9. at tho t_ tbe PJ'opoe1t1on _s made to I1se the OlfCap1.n/3GIl- to
teoho.'l'/1lfltb& bottled. va_. .In the ecoOll\Pllt1!:n«Lt of th1s plea tbr/Je problOl!ls
reqll1l'ed 1I0111\f.on. lUir.le1;1 t11 to asoCll'taln tho qlUll1'11l1:1' of eas ava11';ble fol'
use. «2) to dev11le lMlM.lJ 1.'(11" o/lo_inS ood stor1llG tl1e ea', «31 to o'bta1n a flae-
pwnp Vlhloh would oont1rll1ol11!1;r W'ld praot1oally (lQllpn8S the gall to tho MerOO
obtlltlrJod lli the old cae-gflneratoro. 1. e. oane 00 to 130Ibll •. PElI' ~ 1nch.

b mlJalllQ'llIllGnt of the e&1l was off$Otod Gil toUOfl'lt A larGO tin tunnel.
Iltltfenll\ld /lot 1Ib.e wide openlt'la nth !le$v;r ","N. <Wl1Mde vert ehqrt trOl!l lArB/)
to !li:aU an4" was ounk mouth d.o~ ut1l1eJr the watG' of the tlPl!U1a as, df.Ieply
a8 JOo81ble. '11heIlIOI1thof tM ftmnl!ll _a 'l'lfll1t l!Iftal' oe.,lll'al t1'18l0 to oontOl'fll
to the kro€lll1arlt1o. t:lt tiM $prine. _ tho tUmlOI when thus lUted wao held
in plMO by woodon euppor<tt. beoau.86 Pl'llll$lild.upwo.rd mth I!lUOh1'(11'00by tho r11l~
<:1.\$. A lC'GG beU-::;).a.Il11 of 1Ileapae1t, of ., or e Utree WG llsed to '. the

4l1\\l'01'lent. l'h1e boll-ela.e when ti),1ed w1tb watel1"by 1l!:rnarslon 1n tlllo" ~l!I
was held 1ll0llth d~ over the liItllA11o~ of tllo funnel Wbonoe the e-M l1I:IIf
.Gaped, at!d as the fPll entered lt tlllo water .... dleplllel'Jd. 'l.'hfl, blll1~lo.sa
was gradnall1 nhllC1 Ollt of ttle _tel" as the Gl'S aoCUlllU1ated. untU when 1t _II
full of aaa the lI\()lltb. Just cUpJlOll ben(l$th the Dufault Cit the wat01'. In tlhlo ..
way the D 58 lllGt\surc4at the thQll. preV'A11irtg Iltmoepllot1tl prGIlImH. 0l11nelto
the "O'fl1 tap1d flow of theca., the t1ae l'oqu1l'f!4 to tlll tho 11011-31&119
ooulll not '- voJ7 MOlU'ate),y detetllll1lle4, ~~ b.,. 1'Gpoat~ the exportmont mMl
ti/llea en4 1lIlk1ll8 I'm W61'll6Q' of the t11l1$l'QClot4l1, the twllIbor of Ilooonda requ.1I'ed



to tl11 1t wall t\flO0I'ta1nt>clwith eu1'l'1e1.t AOCUl'M;';toJ' p1'tl<iUcal pI1.l'ilOlIell.
'Ilbe qUAntit:r of gao evolved d.aUy wall 40" easily oOl!lputed, proVided tho flo"
\'Iall OQrllltlmt &8 o'bllonaUoll blAclIlOtlllJedto tndioate. 1Ilth tho", f16Ufee 1t wa.
pOlletble 110C/.\l~te tM llUlll1ler of bottleaot wate, that co\U.d be rachal'gad
wlth thi/ll natural gat pel' tU_. lOUSh1ylJPElell:~, watell' "nl absorb its own
vol•• of ouben Mexil1e 'ltI"'llovorbe tle ppuure to d\lch tba 1Il!IteJ' tm4 gas
iT. eubJllcted. AlIs\lllltl\1t\ [I1'ueun to II.t etoh tho OQllp8ll,Uwo9J.d boUle
watel", the I'IIdt\CtlCll in volllllllJ of the eas .. , obt!l1ned lIT tho nile ot ttllIII
:t'lll'llllla .... 8-'

II

'l'h rlee of tGmpl!lrature, du:o to Ollllllll'lillld.,.. co\Ud pracUalll11y _ l'letllooted
Il1nc!J tho _ter wttlelently Cooled the ea.. '1'!I.e %IlIIlIber of botUee 'llhlob
oould be fl11ed t1'OlIi ttlf.e lIl1pp1eof 84110e4 'illite. wae ",. r
it A rep"etntlld the 114pe,;oltyof' each bllttle. 'l'hutl the OGlllPM3watlaelllU'l'Id
tho'll tM supply WOl114bo IllWlh more thl.\lli au.ftlof.ent t. the then d411e Olltpat
of' tbo 'IIlll"ku.

\l'he 1iIelJ00000poblelfttnvolvl.tla tbll oo.nllUu.ctlon of ll.l'Pflhtll$ tor
clltehl.tla amt atOl"~ t:be (l$s _a elll!llllllf1latIllore troublellOlM. Ifbe edUloUfl
WOl'O(1) that the wato... of tbe spr1ng, ll4l..1d\ \fUe UI)Q\ f01' bo't1~.· Ill.Il$t b.e,
p"esorved frOlll oontMllnatlon lITm1lalUc /IIllte, (2) that the sae !lUst bo farCed
b;r i'o own prOlS81U'll to an apJ,lroprl$t. eallho!4er, (3) tbilt the epl"1Dg 1111l8tbe
I\Cc8sulble for clean1llc and !ld,1utJtml!Jntof tl'Je overflow piPGs mitb carl? the
titer to t.'\ebott1~ WOSII. Anothe.1' point .loh b4deome 1nt1UGMe in dElkr ..
1Il~ tbe ch.B1'ootel' of the appal'll.tu.s to be uee4. was the wlflh of the. C~
to have all parie of it open te ir.I.spliletlon 'b1' 1V1ll1t01'1lto the WOl'lts-a pOUdil'
the wf.sdOl!lof "Mell h~e beon ~Plr jIlllttfl04 lV 8Wlllflquent ezpelionco. 'J!o
1M!.' tMae 1'oquJ.romentIJ It W$S deolde4 to itIlmertle a bell ..tlhape4 votll3el 1n tll.1il'
epl'!ll3 to catCh the. e-ri. lI'rlllll thi. bell .. tM gal co9J.d be O$rr1e<l 1ilo pipe. to .
the won., two OF tbN8 hundl'e4 teet ill,tAnt. %a ordor to 61". thetl$1t aut-
fl.c1ont pretl0lU'8 to torM It throucll thl't c0114ll.t'ltl.neplpe, and tlMt It into a
rooel1'81' 01' €l6e-hf14er. 1t .01.1l4 lleneoelll!llJU7 to dep1'e•• tM beU In tu
epl'lns _tor lfllffldently to allow fat the 4lfferenco tn 1$y.1 betwliHiInthe lllU"oo
tao. of the _te, CD t!¥l ou1:o1dE1mil tbElt et 1h1t _tI)l' wlthb!.. At tile ga,...
ho140r tbitr QondUaUng plpe WOUldbye to dl, lIlto _tEll' sevel'~l t.ru:Il.8S 1n
omS' to tII&klt • wat ..... Sllal Ootl!1oot1on, to pre"ent, loes of gas f.n oa". of
soddent to the plpe or 'bell, and 1n the tae-holdEll' itself, a e1S$M pre.Slln
wo\Ud bo need,e<l to seD! the ea' to the pU!llpo. In p"~tlon tOll the
Nl)$ptlon of thb be11 the Ilprtna D8 01ea1'04 Ol1t IIJld lllllllO'fbat 4eoJehd, $Il4
UPOll the l'OOll7 tlottOl!l, .. tJhOl'tdhtl'lMe alJovG the vente wMl10G ls8!l.& the g",.
and wator, a abe1f of oment. chclllv 1n plan, an4 about 111xlnahes fide,
_. built withln the lncloelns _l1a ot tie 'prine. 1IIb.1ch".also .1'.iI54e
eyl1ndrl1141. on. tlllll ebelt the bottQll cd' tbe bell _II to reat. An Sn01dent
1n tbe wm of defP~ tbe tlP1'1rlgand OCllllltrl10ti,ng tM shelf GIl4 _118 S.
YOI"tbJ' of pa081rla note. .~e vol.e of' gao wall '0 ~t tbat WOl'_n otU14 not
l'llIllain a lll\ll!l$l1t SIt tbe uco ..,atlOll fitbont ap~tull to "",;pI, r...eh .t....' '1"h1lJ
wa. ps'ltt1ded b;V the 11" Of • dentll't' 8 e-...1l1ha1e. OOl'lMotod 'tilth /.\ plcoe of
oOlllllM""don lloltl' r&eh1!\:) above b CUl'b d the $p1'lni;. Evon \'11th tll.ls 1tl.-
htI1C1l" :lit ... nooeetJar7 to stop the llOatru. d tho moawltb pll1,$8to kefp. 011'
the eaa. 'fIhen, as etten hl\p}le1!ltlCl, one of thes .... 1 8topperQ bGoOllledi ...
placed, 1M wrkmai1 wllld preol111tato1, bo1tfw tho SIll'faoo w1th II shout ot
p/.UD frQ'Jl the Ilbu'p stine ot 11\8 gtU in tho no" still nil'-paDBa6eo. fearl!
woUld.n_ fttOlll the eres of tlwse .~ in worlc~ at tho bottCllll ot tbt.p~.

- _1101"1&1 ot which tQ lIPq the bell was Snlper1l:mt fttm ttl. taot
that the watOl' of tbe e~tna IIIU.llt be I1lJea.tor bOtl11Jle. Iron twit wll14 de-
llt ...o, the olearness at tbI n.t8r, 1_, OClpllOl'.aI'd lllM would oM pobon0U8
hlte, whlcll, 81tll.~ PNaent in .,e!'1lJl1nuto qtlllrltitios, wou14 yet oause



4Ub'un 1n ttIe llIf.l1<le r4 UJIIilraof tibe _~I ellvel"' •• the l~ Illl!Ital. bt\t
nil the# td.8h value ~ 1t,U". B),OC!£.;;.Un._ fo<IOiptl!d. t!l.oush the 41ft! ..
oulUo. Sa t!ul WlI\1 of 1t.u" "l'II qldte Im"o~ 'rhe tom of ·the lleU adopt.
e4 1. ehown in uetlMlll elevation .NJ4 ,larl Sa the armoxod. p1",te. It ••
bu.llt 11, the n6ftWenu.f80tul'ltl6 C~. of Cbl(li\{lO. after pl.enlt ot \ll$ 1I1'1uS'.
'fb$ ~. of blook-otirl Clo. 1a _dCliin wUo ~ th~ .. ) lIG8 hOld in pl~
and nltt~ l\lp 4\ lIuloton to.- lIlOdAtof hRqt ~ '1'11 ... enoalO4 1n Un ptpee.
':be hta •• tho ~ bal betln fOlUl4 1n sbHquen't 1UIeI to bo too l1t'lbt. _ the
beU "~ tiM t:lOft oareli1l ha1Id11rle to pruvent iUI'bot1oll lIIId o..aollllllG.
otborwl .. it ball 'MIllfu1tUl~ 1t. JlI.J'POIO, and JUllV (.ran. 19901 h altftoet aa
8oce1 al _J1 tuet tlCt In 1990. In. O1'4Alrto lbl.'llt to the ~ V"'UOl'd tlle now
ot C•• 111tblJ· aprSr\1. the top of th9 'bell .e Illa4e of :plflte-ala ••• Mel JUllt
\lel" tho glalllJ blVl/.1lall elootrt. 1nOflIl4ellOent U!,il1lt.. !lle boll 18 holA fll1ll17 s.n
placo. 1>7 bon .,ta,. taoteui to 1:beOtlroblnlJ.'

fb4 t\¥!f£lOntu:pe of tho eF~' (aOO111:GOFabJ'1 h 80 blch tlMt the eas
te loade4 with DlollJ\Ul'tt. and ooJl4el1llatton 111 thlt eondllOtlnO li'" I'IIDll1tll.
ellpoc1all, 1n co14 .. ~. In OKOI' to preVQt .. etop~ .of tbe 111»0 • 01p'"
t1'ap t.,.tI plate 1 made ot , 1) Jlpe wall Inlle1'ted at the loweat llQ$At ln the 1w,
end on ellCQpt tor the aoCUll101l1ot~ _. prOVlW!4 •
...__ ...__ ................................. • __ ._lIlit__ ... --....... ....__ . .,,__ .-. •.-f.J'lIII"'. .. __ ·lIlli_

lI
..

• :!leforQ olOli1n(l the dellOl'lpt1on ot ap.puat'WI for oatell1l1g the gao, it
should bll ~ thet at 0" of the a.1awatha lfPI'l~' tho nM1Nl have olloQ8htt1;\e
gae b1 the 'WI. t:'i1m kon /lome llemente4 upon t218 olU'bfJrlo Cit the sP1'SllB. Tbere 111
no W31l to 8$11lnto tho sprlnl;: to r8116k' lipellll! etc.. altO.pt ll.1 bHaldng tbe
C$Il!mt lleallrJc. n 1Illlu.14 appelQ' to 'b$ a w1n IllO&tmrC to bayS pti'ov$.dol1 e inlIil'lhOle
w1th a IllO'l'Gbleooveli' In tb1s dome to obv1&te that d1ftleu1t,. A ctl\Wle of bon
\leU, pllM'ed s.n other 'Pl'1t!e. an rnetb!a i'aPt.iUt and reM.ss' tlle "tatlllttl turbid,

fblIl oetl.4ttcltli»'!'J plpo _0 burlo4 weI' 6l'0tUI4 to prevent hees1ne.

'!'tIe sa ... hol4a, h dedsne4 to 1'1014 "'eaty .. tolU' haUl'S ;rte14 of ~8 floOll1
the IIprb!8s. lti oont.1M no et:r1kl nOTol 'eatu. fbs bell 01' h014er U support-
ed b1 tb1'ft che1ne, whioh wn \)VOr pu.l11178attMh&d ~ 1;\.'1:1 'Ulllber" .. t ft1t tbi.
pupo .. lD the OClll»MY" bUJ.1MII8. and. btUlket 1te16ht. lU'e laMed to sive the re-
,ulrttd '1' fl8lU'1I to HIl4 1:hll gal to tb.e QlU'boaat1rle tiPPRatl1'. '#.'JlIJ holdeJ' 41,. In
.1101' oon1ilt.lDt4 In e. cement"'. oletvn _loh c!U\be conV!IlnlMUy4I'alJlll4 and 01ellll-
ed. A le.ruct lMl'l1lo18 1n tho top of tho ho1.4er PllOV!.de4 IlOlltoll to tb$ o1.tun and to
the eMlolile4 plpelh Ar1 elGlltric lncan4eNeldl lomp tllllll*'4ttd jl1ltl b«neath tile arch ..
ttd. top of tM holdel' pel'mlts ln8pecuon of flbe pipe., tot' the 1I!6rCl\tl8wont r4
the gas, ,,114for thls plU'l/flse allto t\ Il.UIllblall' ct _11 611ll.0pla~ll U'lII ctmente4 111
a petpon4ioo.lar Uno on o. 0148ot ' lie MIll. at 1I1'll0",&l. of abOl1t tltO t.et. fbjJ
pipe _"eb. brb!al.t t!Ie aae h'1llIl thO llpl'1rlge. u4 that 1fh1ch liM.e t1l to the OiU'bon-
aton, en4 tI'll.at 1IIhlQb pl'ovld.eo tfJ1l ~'10 llscapo flfM .:meee of sae, rUo hom the
cllIllented 'bottClll of the clllteJIA an4 UG euppol'ted u.po!'1 en 1l'cn tl'1pod, a. l1hfl'lli. In
the lIlQOOIlIPlU:t3blGplate. The pipo tor the enttMOe fI the cal cunee Sn the to l'\!.l
O't .. /JOo.end and dips uder th4l _tel' .CllllO nve 01' IU lMhel'l. to effect .. _tel.'
seal acawt '!lac1D-i'lo... 1'1» wodlow ,t.pe 10 capped 'by .. utal bQ1.1lIbichdips
into the _tOIt 01 tlut o1lltfU'n Ill) 10M Ill. tbG hQldeJ' 11'1not ,ot full of jS$.8, bIlt
Wlulr1 the holder 18 tnll the (lap of the wun. pipe h re.iIlll4 b'0lll the water IIDd
gall 11'1 .UO'861\ to eeeape. Nil o&P01' sa.. bap hleo pbile) ~ connected b1 ..
lIl8t1a1QbaSn with .l\be tope of the hold... Md 1. tMWOl'e l'alaod fl'C$ thQ water
wheA. the !l.ol&ur rhee abov. aoortAtn h&lsht. tb1e lI.~tUlJ 'll.ae lKl:l\iJUmes caused
tl'OIlble 111 the k1nld1le of tllil chai.n oOMaOtJJl;J thG b01del' '811lhthe •• t&.1 ca,. 'lh$
obail'l. llh0ll14 be tna4e of mnall 11$810 that it me, l'eIldlly coU 1n tl\e 14.ttle
Me at thtt te,lO' the motAl cap. aM \Ul6oU ~Sn without ldnltll. A SIlIGll roll
ftvpen4ed £1'($ the ..oot of' tbo ho14u, whl41 woll1llUtt the call b:r &Ill. aunt woQ14
pllmap. oMb'- a!lU d1ffl01l1tl' of tMe lIOl't.
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.. problem of the 00lll1»'((I8il1011 of tbe Gas in or4er to 1l'8CbaJ'Gflthe
1V&terwtth tt. _8, one of ".uUon and dtfttoult,. '!'he $llan at Urn "tt.pted

II to pUlD,p tho ~$ into the old iran gil' eone1'lltOl'. 1IhEmIIIe111001\14 b.~wn
d 11864 tn the lUe 1!lIlmI'.le1' as ft8 t'h art1I101a11, made e-e. It was not lIUeceSIiI-
ful. beO!'llJlfl tb0 ~ b~t tOl' the Cl~ wOU4 not ClontlmloUll1J'not' evon tor
lltl hOur. o_retl$ tbo gao "tth/lllt delltrof1tlfl: tbo pecldns r.ttho pUton.beaa. 'l'be
heat ilOVolopoll b7 the QOIllpr$llelO11and the strAin \1pon thelll. tn ate" lllOrAantli
:redUced rtlbllol' "$heJ'lI to lIJ.J1ede. and i_ther ONIS. la,ted bllt UtUe 1~J'.
About thi. tlme the Witer. Whlle in N6'f/ Yuk, CUI:r. Mal'll at ft, ruW tom of ca'"
bOllAt1n(f IlPpuatllf inVQAt!'A by the fllttll!llllMll llrotbel'e. '1'hne ot theM meohinu
nl'e th n elllplo~ 1ApracUoal '-'01l'1c. 4#d an lnopection at the OM OP0nting tn
n6'f/ York 10ft no l'cXlllt for dOl1bt .e to thoiJ' mOl'lt. The prlnolptll ot tb.. macMne
.. _ OM to lliOkl!! the tulJy ot a J:lIm of eelenco.. 'i.'he gaIJ ... pqmpe4 into ..
lllllall orUtlder of e1Aes Ql' mnal fllld the _toJ:' to becarbollAtlid _s 6leO p'tllllPlild
inw tb!) lIIill!IIl oMmbel' by tho ao'UOI1 til 1:he $llllll& pllltcn-J'~d. fhQ watGI' anton!
th. <,yUndol' of C1iI!lPNll!l&¢ 8&& tbl'oU/ilh .. 1l:I.1ler 1ntol'101' cyl1n4e1' plol'Oe"by "
efilat IlUiIIbclt of .,0'13 :ll!l!oll11 bole.. Il!he ".tell wns tl1u, .prayed throush the QQ!!-
pvoll8od gae. 1M14was t!:Iel'efo:re lllOst aava.ll~.Im''''' Mopolled for quto~1y abllol'b-
i.rJe the g B' 1n fact thEl6beorpUon ftlf la.1lUtMeone. The eatlxlMtod WIl.tel' NI..
flowed to a balAmM resctvo!.r 'llbloh Opl'ltated to 00.11'oft the 8Up1l1¥of Bl'1IIot

tel' 01' both. 1.1' neceslml'Y. to maintatn .. proper pnlllllU'1l am • oonst$nt llu,ppiy
fwthe bottltna tllbleo wtth 1lbll1l Ufill connectea. 'l.'htllt tM I!lACh1nllI _.
IIlltQlltltto an4 oont1nl1ouQ working til Us operation. 'rhe auoOOllIi attetl41rllt the "SO
of thi. plJlllP:I.ndt1Ced tho O~ 'flo p\lt 1n h.,lilhl1argel' l!lllOh.1neo. 14 the mwi'I
80rt flit thob bllllUlGstl1mroalled. Ae a rolll1lt of tlle ~l'llilMell in the operation
of .. apparatus 4oaol'1be4 in tMe put of tlh$ 1l8P81'. lever$! elSGht 1IlOd1tlcatiol1l!
/llS.(!htbe ,l1li\46 1t M\f 011011.ere to b e<ll1lttN4ted, bO.t :tll f&!.r to obser •• that in
pl'!!lOtloal wo1'klng the results Mve boon on tbe 1IIhol.ve't'l ~tl.ft\otor,y.

fill) 1I/l"1tel'1rlahee to 1I0knOlfledge t1lD COlU"tss;yof th$ Jll,l\.n1tou!llnel'lll
tal' Com,llaDTin aSl!lent~ to tbS publioation of lllflfJV Ilote.Ue ~t(\1n1l:lo to tM

w.coesllfl11 op.:lrait1on of tbill btl.lusa.
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"~Il}mAL"IWlUOtl llPAiUGot'tmllM.'Jm ea. ~IGmAL" 1WJ11J!()tJ Ji'AL'S DliY
amES .At'S ore botU4d fl'o~ .sn4 un!lll1l1l1l1 tTfA. tho tooti hUla CIt the
Roald •••

Ql'$&t dOl3Gs hOod 0\101'l7 g1U'6:LtM apdllB-to pro8ert. lntaot thelr
natlU'&l 6I\1l wb1Qhace. tate the vOrl' bGttll, that 'b2l~Q tl\18 l'.tretlh~
be\1e1'a,,"'O to IOu..·

1t. I1lJ $I1d we wlU ooe tlhat IOU uotupplled at oneefrail ~
nearest (l.ea1e1'.·

So41U111ObloJ'lde
potaldQl!l

.~~*~ - ~ ~ ~ *......~.....•...~.~, ~ ~•..•......•
S04S. Su.1J'bate: "".' "..".""_..olllit" 11-." "',. .'." .. "" "' ' ~ ""." ..
s041_ CP~IIIl'.~ w •• ' " • '. " " .. '" • ;J '" , ,. " " • o@ •• , .. "

J,1tlhlnm ..
calolQl!l_.-.1W1 ..
tron 0Xl4e ..•.• 4 ••••••••••• 5"' •• " ' ..

~~ ...•...•...•.•.•..•.• ,....••.....•••.....•.... ~ .
811loa "."" it , II • " <II OIl" ...• : .. ., .. " .. ,. .. 4' • " ., "

• •• ~.~ •• _.~ •••••••••• * ••••••••••••••••••• , ••••••.. . ~ _.~ ~ .
Tot&1 ,. ,.

LIBRARY
COLORADO SCHOOL OF MIN],;'-

GOLDEN, COLORADO

.. :L

2.9"/10i.244
i~S6'l
1:i.:526
. ~O'l'l
8.6&'1
i!.OOG

.005

.015

.::100
21.984


