Al

MAUI'RCtJ. OOLIRA:IIO

By
WILLIIL\t smiDt

UBRARY
COLORADO SCHOOL OF MINF8
GOLDEN, COLORADO



litm 0810 M AND UP CI' mE NA'1'U!Wt GAS
At

JWIFOtI',  CIOLOIU.0O
»

the waterl) of the mlneml IllplillGs lit tAlitOll. tl"e liheb' sparkle aDd
p.L.gll'UICYto the QU'onll'l &1)14wf.th which thoy tlre natUl'llllly SUIlIMI'ce4. 'llhe
boau.tUloJ.18 oloar _tel' lila 1t tdSIUI5S ftClll itaoulltenatlliM chiltiMh ... lilOCOllI-
p!Ulle4 In seyel'al tIf tho: eprillGe b, a condderable NOW 01 ezcee4dltiSly fIU'G
CltUbonUo:Id.4e. ™hen dlpped bQill thO 8prl11Glit conttnuos ttl effsl'Veooe tor
l1O'tle Utlllo | 4 the 8{;1'QcableflavGl' of the B makee th0o 41'lnk vs't7
palatable tn .p"l'lie of the large qu.an'lllty of alllaUli4 lI1Mral matter “hleh tt
holds in IllOlatlon.

FII' iant ~n theso 8Pl'lnee have 'bean looal)q ostOSllled as ful'nlablr.l6
both « [I'(ItfrellIMI\?l 'ba’'l6Z'. $nd a valuable medhJ,nal lliJent. 1l1ttt 1e onl,
'flth the 1lil.llltsh or even '.I'llthet the 'bottled watore haye bean put QpoB
the fWI!tot to HUppIT A widu circle of admire'8. In orAel' to glve to the
bottled W&tsre the o.lelll of the oJitllnal efts"cUJocmce, it was llllOessar:/' to ro-
cbiUlge the 1lIhclUban d.lolltide, and tht. ftfy done at first tn.the mminnr
11 11y HJMIodlidin bottlb6  llelber, and 11 othe, gassed bevor&{l<ls. fhh
Aroosliibriefl,-  lonltlisted in thl'l pl'epal'at.l.on of oe.l'llot\,dioldde from sulphul'lc
add and IlItU'bl"dllst. and theablloJptt.on  of t.t 'by the lllinonl. watsr by aattat-
lon under pi1siue tn svone lron oylinde,s. 'IlhenU was bottlod tn the ccilllion
way, ~ llometl:ll.eswail enriched \'17the addition of ghlunel' ~ and tlavol'lJigs.
ML put up ao elSJle&r-ale . NI' as tNJ' tOIl IUMRI ate. CCifll~ tollo1 twel,
oallod It. "Bfneer c~ ee " About t— 'IfiM! 1889 the 48l)1lrab111tl" W'ld 1'e8s1-
bu1 fJ7 of I1sl.rigthe natll1'$\ ga$ frolll the sp1irgs to ... oMSg. the lllineral _to.
IWIN cham~e  11&0iJll.nEIEIte4 to tM OOIIIP~. and thia plan. pJ'opoeod by 11M
1l11'iteJ' and 1I8I''rlod ou.tundsr ~ 1\18 o0aPGrvtlllion. waG .,0on PlIt into pJiactical
oporation.

tt 1Q be of Intlll'ost to dtocaell tllit origin of th18 natu.l'al 6118, oM.
then to do8i3l:'lbahe moans by WhiCh it 1s !la«l.eto ar:ain Impregnate the III1Il.(1tal
water takGrt i'rCiflitho 1!lp1'1l!C8.

In seeltf):],1to tréoct too eOU1'Ocli of tbls ebu\ldelllt $pply of natural  Cllold.
1t .11.1 b bellpfUlto  aonsider otrtaln of the PI'Olllinent Ceoloaloal and tope-
erapbloal ~ featlU'98 of tbe distriot in whtCh the Ililprinc:oOCOIUIIM1tOQ Hes in
a llloun_s.n gLUChot VllIlg at the b60e of 1'lll:e'speak. W14 just at t2le 4ntranoe
tel Ute PaGs. In taot tbtlYalle, 11 bAt \he rodell tulll wildlIBM oUUet of' the
,all0-1tsol1’ a nerfOWi"lllater-oarve4 Channel thJou(th 1lb.irh thO ch'a~, of an arM
scifllisevent,..flv. to one hun4drtld eqv.cre m110e in enent fiJldll ttJ ‘lft)d to the



eastern base of the mountains. The stream whichdrains this tract obtained the name
"Fontaine qui BoulUe" trem the bubbllngor 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,genasses ot strati-
fied rook whiohflank the other side of the valley. ThusManitoulles 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 dllltanceon
both sides of the Ute Pass. The archaean rocks at 'lJl.anitocor-siet almost exclu-
aively of highly feldspathic red granite whichdisintergrates ..eryreadily under
atmospheric agancies. Further up the Pass are 1114 patches of syenitic gray
granites containing soda feldspars. There are no Agnellsocks in this neighbor-
hood savl!a few narrow dikes, and on the south slope of Pikes Peak, about two miles
fram the summit, one exposure of phonolite, but not many miles distance at Cripple
Creek, large areas of eruptive rocks are exposedto 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 dlld. sandstones. The granite slopee of the Front
Range, 1!biohe:R:tendn a generally nOJ.'trand south line, are depressed in a sort
of recess or bay at Manitouand to the northward, and these older sedimentary beds
rest uponthem, 8nd outcrop in their regular order, ehowingthemselvee for several
miles up the ute Pass. To the northwest of the ute pass and continulng 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 sedlmentarybeds, (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
forma continuous fissure over the short interval betweenthe twoareas, and quite
possible that the inl'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, alld the seiie observation
applies also to tho86 at Ma.nitowpark. 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 suddeninclinations 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 argllaceous red oxide of
iron. The "Caverns" so muohvhUed at 'Manitouooour in the limestone, and show
the results of a former great ohemicalactivity at that point. Wherfirst dis-
covered, very considerable beds of the sameferruginous matter oovered the floors
and filled someof the passagewaysof the caves. The springs are foundat 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. Theeastern of the two transverse rock
flexures occurs at this point. Westof this groul' the valley Widensand divides,
and the Ute iron spring is found in Englllli&I4'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 belowthe entrance to the Ute Pass. It is said by old residents that the
larsest springs wasnot ~ 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



and -, Mlil ~eenCOlllctedby a tut~O\lll eubetanoe depclilted trlllll the .ten

ead called local~:v "so4tl-'Oek." fhe BllvalotjSollpwtho Ute Iron $plins .€
118M110the I— of contact of the ~l:ite with the sedSmentaJ7 beds. tlbe
IUAfttha crou.p 11111lIU the 111» of the Ute 1'ae9 .fault. Inall Oftho tbit SPI'-

Us olose to the mntrmnnr. and in theelll k bed Mal' llomeot th«m. Jwinirors; emall
veatll 119 shOW 'by 1"1I'1~'bub'lilellof ~I"

TM r.in an4 81l01tdOIKlendlrlg I1pon the etU"th. b'bitt with them I)t\ttelil
waehe4 ftOlll the 1111'.1w\ alte” [I'RClbing thit erllwld tba waten IUe.olva porUons
of all the eoU Mil rOCks over ..Moh IIM thlitOlISh tllhleh the, ~ thel ... y. It 18
tberefo ... I'$t\U'llIl to eo.lt in the wallel'll of theH springe f(]Jl 01'1«0008 concel'tWI(J
tho Jookll the, M\rC t.."erlled «. im4 thll$. U golildbls. traee nCIU!Olto Ulil Ol'i.gin
the 6COCIIlpIULLtit>~. 'The follCiOlrlg Iilalville of ftEIf m tle'fEl'al cd the more

ImpoJitant  sprlrlgs were madt! 'b1' Ifret.  Wi1D!rallsr.  Ph. w Ot H8If YOIl I'T'0lI
1J/11lIPledaken bQI1 the Iprlli6l) ‘'by the ... Iter in the 8U1!lll1d'l 1~1. '11bGeilt8fIUI to
M.fl been oontUiTMId by BI'l$l,d. iliad. in the 1-'1>0 '0J1.8 oi Oo).orado cellese on
1JOve1'Ql (U.ttill:rentl 0001)810n8, -.hen t— eamplos were _leo tlkim 1n the tlumtll' .. aone
Sod.1U1!l : 5.'3.909 f 62.1'16 f . 41170
Pote.lIs1lll1 o '1&50 1 sal9 6.011
LLtllzwiL e 0.201 1 0.a00 0.005
Oalolu.'ll o 2'1.560 | 4'1.382 1 21.747
~811i\\ o 7,859 | 8.1'5 0 3.9119
Iron o 0.03 1 0.028 I 0.32&
J.IID1ftlul o 0.092 f 0.069 I 0.140
Chlol'lne e M.6.65 I 1Mc.7S1 I 17.~JIO
SUlpllIu"lc —t— . 18.410 0 18.202 | 20.705
Carbon dloxIde .195.366 ¢ 193.546 o 104.159
SiUos . 4eJ0 i 4.mo 6200
~Lien  1n ‘tNy'." e SJ206 1 M.tlO I 1W.200
ater t.n 'blo~onate8 o £0.tC02 I 59.59Eh 1 .21.305
flollalll » « o o * 431);,M3 ¢ 43U.GI3 1 266.00&
'rotall  iN G1'4lne per Sallon 256.157 ¢ 254.GU ' 5.
l1he elemaats tOu.r4 1n t\8 Hiawatha croup of spl'l.l.lae IU"0 tI¥1 .. alt

tholll. llhown to be 1n tho otbell SI'OQ,ps.

BelClJ 84'8 tabulate4  theealt8  oontained 1n the fttel'G, oalculated
acool"dln.g to the ocmventtonN. _thode,  tI"¢lll tl10grecedlO{J fleur.l.
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Navajo

Springs Manitou ute Iron
ScCll_ oblorlde eee | ",ee Mee M - 40.00iJ ¢ 41.0 1 1 29.030
Potasss.um I\.Ilpbate " ~essssscs . 1'1.06" 1 18.335 + 1~.4126
Sodium eulPbate .. vite ™ - 18.149 ¢ 1.71.007 25.192
Sodiumbl~bonat ~ee-eecccees 1115804 + 110.510 1 78.1140
LIth~ Dbloarbanate-- -.eeeee....... | eeeen 1.946 « 11200 1 0.$13&
Calo'lum blcartu:mat., ... i~ « - « 111S.613t 191.900 , 88.076
~.81um bICar~0D$te------------------47 012 1+ 49.719 1 175.965
I"on oxide (lItJ'rlo) 0.04& s O.(N0 o 1.051~

0174 , 0.U0 o 0.26f]
SlUea 4230 1+ 4290 6.200

459.IM4 | ~5.6111 ¢ 266.665

. tllp6l'tlitv$s of the ~v'.1o $MIifaDftflli 1].)"INnS' lIim. to.ted. on two ~
tlUi'oe oe~1111CIM MO. fGW'Id to be abou.t 15 C" In JItJ.7. 1894" 1t .= alto the llo.M.
en ciormw [N, 11194. I1otillli~tlve 441$ tJt !lute col4 woa\beri the- t~teJ'

I"GI$tol'lfI(J .rd/Jhtl,...18 C cr 1Q11$I). and &S8Ain on JIV. IWIr81O 1.a95. after a con-
tIn110118 perle4 of 0014 iititoor. the t p(iutlue Qt s¢1o1s1 "'t 1lhll_tineD  WEI
tOllltil~, and .. leEl I'll \11&tOI'11'0011Q1, of th$l:l abc talte. 'L'ho tlli\pel'4~e$
obter'lc4. and tho red&.0s  obtalned ‘'by eYal>Ora.Uon of tM SINIILIL0DF fttel. are
SIY n in the llubJoIMIl. tabb. ''he reolldu. IU'O gb(lll J.n Braln. pel' 6.U0Oa.
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Date of 'l'esll - - ... S e llbe <t Sprll8 AT
Ute ute Itla_tbA

1"."01 wmmniton. woll.  Chtet, B... tha. No. 1

Deo. 51
(‘enlpetoatu, ..e.  0.14. .Ih 14 -6, 12.0. 11.0 1 .5+ 11 .5
(Rellduelil 170..40  wiiann "lOO0.6IN...... I 119.16 «+ 61 .10
J~ 10
Irtlemperatul'ee 0.14¢¢ 6. 14 5. "1 01 eeeeee 1 tIB .0 o 11 .0
IRe,14ue. [IN+57 17IhU. 111500 ... ] 111.86 + 60 .85
o UL, e it oo - a, a
"A tI'IHtptLpth of 8n 1J'Gn OOIlIlICuMbIt4 toi'llle4 end SGttled boto!" . tho
enalyllin e woltl11tl 18 tJun.-etol'a a Uttlll I/

I \'he IUawatha .pri.tllJ 11 eovMell trUh an ™on cap, Cf.JIIItt"tb the oulb-
1t'18 and_to. teted on cembol' 51 wae ob\alnecl hom tba ovod10'l'l and cM<#lt 1n e.

sallon IIIOaIIIUeand all tho "nllel ..... cold tho tempelatl11'lll obtalMd .11 pllobably
too low. On Ji. nuv 10 {00 theltllwWllletel == MIG 1ft tlw_tell'  1ilC6pIn(; trCill ~
o,erflowplpe. 'l overn. pipit 14 bllt'led under tofur 01'tho fElet of gra901 $lid

leeoma twent;r 01'th11'117 fO6t In len/1lth.



| 11
fhe gao Il'llltted f'OOI411 of be EiF~O Is po ovbon410:ltidih
j'he g,wmtltl €tivOll off hOIll the diffenn’ epS'tnJe11lqu.lto unllite. viU'7~
1TC4 3 few hundrod cllblo cenU.tNs POI'hOIU to th1'e& o to~ hUndro<l 1Una

or 111OI'Gn ttl. Navajo and Ch.,.e~. 'hit Fl. fI'ID eaoh llpriQS i8. genorllll13.
d~~ tbil groater part of the ~. vo.,. untfOI'lll 11l g,tIMUt;r.  touill it le
eald tbat liltte.. hQllvr DiU Or when mow 111moltf.xg the qufitGlitt7 SI'fOO ofl h
iimrealded.  ''hh  InQfcull lllar afi’" froi SirGliltQI' bgdtoetliltic  p:reSlI1lU!8of the

tmlU oo tre/illllllpoll small venb 11l tNt oreoli: belt anll w.umsin vento alons_

banlce near the 8pring.. thUIJ foltCbIG more e thrt'mdh tho __in channel.  The
toJ@mol of the bOttllrl6 411tatmmt of the ManUlou lUnenl ‘AtOl.' acep~'l1l

plant 1'8POI'lthat Il iUmf.nutlon of the no. of both water anil €A oeOlUfllin tblt

Jfa".~0 —p Ot spl'Jlall dul'lnS tbe 001de,' "ather of wint... It Il to be
oballrvell tMt tlle Ipr10e waters ne..ar become tus'bld 01"1'011lafter "0$8 \/Jand
treaMt e altboush the cul'f'ace strooms are oSlI8ct.Alll affoot$4 1n tate 1 one

of thO CPI'1J:t68 of tbO Biawtltbllt.groQ.P (tbe oovered oDel 18 1lli6htll _b1d= bam
ineolllbl. ealh -g;hleh pl'obablll'oGUIt  tram _MUons OOQUollin{jp alo. Pl'oximtty
to the IlI"™In«. Someiit the iilPlI'lr'gwatete on etMdUIs, glllckll 4ep081t .. pre-
Cipitate, flhU. othol:'e, even i'<all. tbO wmo CI0"P" of epl'llltl" r-.1n  ol.al' fOfl mn
Cb 1.»(J111" pet'lod., OO1l.Bld.rable prollllUJe 18 4$Vel.oped \1 tHg Os04P1Il.$ 6Q wh.
the.tare .... 1mlllediatoly bottled M4 beblilUcally .-lea. 1 ooon aliidI'lllw from
the sprbilJ"  LlL.U'8eglaoa vossel. are $lit to be buret b;9'the presGlU'®f cae it
f111t4 q.uite tun 'borol'e ~J.ng.

IliM oufac. 'nmtern In the 4i$tJ'lot \1Jidoll' e1liNllll~tlonoont ..tn relaUvely
flor:t SISU q;aanUUea  of lllinoral lliM\tter]  1n 1101uU0J11 1101'are tiber. t1EII'~. or
pooll in the . lllhieh dmlne tHfydti@\ tM Uti. iS tbat are linlltin to be hiGh

litnollilised.  In th. uppel' IlIrt tbe Pal. lletwen Caecad. dM Gl'oonl.tQUDtain
Pall.  tbere « GjOINyG1lid mu4l lllarliby 1;13:IClthvmro .. notable qua.nUty of
IX9I'v'a.ted_llqulolde,  of iran ill Ubo:rated hall fljjyGinan8 _tel'S, €.Nad theM

waten 0" apl4.entlf 1TCintho: atanlto. GAtho . 1lide r.f tnlil Paeln Wo
tbll.mal Hilf'tdicll I/.re to\lJId In thle violalt,, C~I' than tho$G at u.nltou..

~ tlul three MALyooe c;t'llll above Olla basis of dillOll.elm. and 1111re
also the laul' "hits . Mta, cedaln. points NIIOIIGhe m&li3 poe.lbls WetollOes
..Ul he'. be lllote4.

1

1. AU the lllltinall hold tolil [lIflle 8 1A solu.tion,a fast Itlhloh s to
pout to a ct'lllZon odSIn.o

2. filS _ten of tho B5Y1;\Jod _JIWtOIl 1IP1'ina’ ore almost 214imtict.l 1l
IMI'IIL contlant,, OI11. the Tltliliron PlI'In(~oontAinll " [ll110h
emallcrquanUt;ofd18tolvlliil .. Us..lTherel.al80 a diftel'llMB

In the w660bil Ot tho nlid.dnell trOlll tho H1GWIirtllap1aminh -~ N 1e
'fle'tll probable that PIV'S'\'lolatSJlanntelt f'Olll the Iit1'siilis or h.
100&1 Doepeee chanW!IIL; Milim toel. . tnto  t1I8 Wpl!lriGe-aueh
Intlux. ~1IU srtiter  in sOllle epriDo\I8 and t1!lllUel' in ol;hon. It
the UW Inn .pr~ calQl12mand ~11"WIl are 101l.and dUc3,
chlorine. boon, GUIphQ1'~idef soda ~n4potallb 1"01.1111'817
hiBb. 'I'be f.I1'0lC"l~ of the spril'ltlto the 8lUoato I'~k' oli tile
Ito!NUl. dM tI> theYol’f  In'lOOmM slllclou8 ollurl. | ~tOm'S dl.
~rlnn gw.wtdt\J. on the north a.n4 wet, $ISSIilldi iretst.nu  tOr i
posllible  o- in tllb  ep1G etol. on thB llllppoeltlon that
1111Min no\iroe 111 tl\e miillead that! ylel41tllJthe ftQu 01 tbe
other groups.

5. \'he PI'lltGMe 01 80 1 ",go qtl&lltttha  of t,. blo31'boM'tell of cs1CN\I1I1 Mel
linellolitum potntll  to a pl'ol~ oontact of ti1l1__t... with the

ISmolltoM'.



10.

'fbt awet 1lil1lillablfenee Ot s.o1l _Ueln4tcatell either 11 1lolven qdte
tNfl f&ON teSTQ(Itn)Um@lne".,.le. or more pll'O"bllbltho oddaUon 01
MIIIOIY$d 11'on ~  11ls prGdl)U,1JPI'$Olp11ll'litimes  ~tlilla. 1101IqulQi:lde
b7 tha c. bfitirotoll AUAULU, 1131ittlin with “lihtoll it ciell tn eont\Ot all
thir 8to,.  I'lOV@ovud the optillele.

N
1l1h. hleh Eoroent«lQe 0~ cb111t14e tAJl |\| ~etlve4 ticlil the sUurlan  I'cclito
0" ,ltb les, [I'l'tlbllobUltl' frQul the 11)0™41Btant .lo:rat1'11111110bode,
81M. no .alSGe 4~oeUll 111t~ z1q kniwn 1n th1ll) 11&olnft,.

'Phs If1rlii'l pOI'CliInt..,~of [f041U1lIbleU'bouH 111'0'l1&b1;9ndios”.  an ol'f.gjin
Nlohel. sUIcate [OOK., whEIno.1he. e~  (lind potaehl1!'lg oquu iou oa.-
bOMtIOII fol'tle4 by tho MoOIlIPoilUm of the Z1'ooltlt bf e  1Jpb.erlo
_H"It oontainlnlf.l cl!.t'bontc;A014. o1 all allllll1tnet81110$too. which.
I'—t upon tM 1im.IlItOMIt(oalclum oarboMte) belon 1'GMh.tng the
8lUt'Me.

t'he flU.IphflitGIIR7 Ol frillll un~enmIiW!| bode Wb all fire tollJlll two o
throe mUos &lllal' h4 lowol' 4mm tho LItlUntaltD1'0*. bQt It $.t 11211
pJ'Obll'ble flblit the,y il KI. gllelltor prut at le”,.t tICllithe QZI~tlem
of wipM400 111 er4Im1t"~, lanOUlil roClld w even oe<UmentlU7 ‘be4fl~ 1.h&

[IXIdaUon of fonoue flU.Iphats, .. 1108/ata,acrlbob .0 OCCIU!j‘-imein
tbe Uta 1'Asl, gives [rillG to 1U1phlU'SO 11014, lIn4 tmbceqUlint
aottOl;'}. with c~bo.nates™o  fl/liphata. of the 81!lallell. !!.bl)tel'rualnolUl
dope.ita ill tbf broken eillll'lan 11lllestOll.$IMlellto  ~ I'08CUo-.

NO coneonttBtlon of tbJ oollltlollOo-tbAt 18, tttBlllltGllquantU,l of
muoNI  Clatter. oontained in too 1lpflll6 . eClliVlevle.entlT t»~
pl'ol(Ifl(!:edoontM<Jt 'llith rOCIkIt. ao.oh i1 YTtJul4Ulee f100ll peroolation,
[N probably alao ftcin en WI'O&ecd 501170nt POftl' of the watol. due to
bCHIt o1 pns8IU'O. 0J.\loth ollliblrl44.

__diffrenes in tOlP ratu.l't! of the eovOllal 1IP1'1lCa it r~Itabl. eo allolv-
IN€l —t etthe!" 1lhe feer.irnit CLANr(It difted.'$11t  spuavs - til' I' a0lllII1IIG
trOll the tI/NIJa\01U'0. MYObeen <looted iNan ~1 ~0 b pal'llilNy
tlu'~  (livee etntn. 0 -~ thE! Intlu of cooler. to:re%w wilt TAt,
It e« OISHIIL_Qudor (2) _bove that the IliDatpl'obllblo ‘flew 1\ th_t tM

lilome _tot' 1 nmgs to VUF UPOIIILt, OF 41.011'04 INintlI'Gl EN1ttOIfit b
thO aclllWttlut. of o!JIBI' tOI'll, end the vanation In tempelatu.rll  bewllOll,
the IIPI''n«. w11l b0 tw.nd oo wpaottem of 1lho t blll above to VW$ in
Hitrlit~  ~ with tide f\.PpOlllluon. !'l.bot~tQt1U'. 1licenoral 18
101'tY'~en tho mSnOhl oontont LIl 101mr.  but It Ibclild bill IMIINbitil'ed
that tho 1n1'IQldIti) TW.— waters ~ alldD pallO ~0U$h ota'll. '0
-'P1;9" blUJ.04 aill to be HUOhWNIIICI' tbM: 1116b Il'dl'tace _ton.

The 'lal'oUon of tM 1lpI'iD{f1i betwcan muiroor All4,,1tltel’. in thai .. oontooti1
of l1fllul'alrlattQl's6.1em oo 111tM Q.Uj!mUty of [HHHI" fltM1ng h'(ill.\

tiLell. and. 1n tho vollllliof  cal' I1lelded. t08Othol' "Ith ~1abl. tmt-
f~1t,. of tllpoI'3tulro 'lbJ'~oo.t  1lhllkin 1IN naoue of th .o ate
ev140Il1U;r.elGld.ricant I~ i'be oaWIlll pt'O4ueln,s the '1'111bo

4bouese4 in lit:I'blfequ.mdpa~pha.

lletelG pl'cCMM.Q3 to 4oduco fJi'. thil flll'egOllle etatement a thcol'y of
tht uJ'lvatlicn  of tbe carbon dJ.o.'l:Ide of thtl Iten .pr~Il. It My be
holptul  to .-oocall to min4 OOlIllitof tho upl$tlaUono  llIOst tl'eqll6l.lU" chon
for the prfi(LlUStiol'lof MtLhl  Call in 1lu'se qwmutlell  beneath the I1".I:riAOO
of the m-ollll4. Fb'lt. then. ~ -be monfllomd the alClr. W\tul''11dletll1&-
Uon Ot the 'btU'184 oJ.108011 OJ'eM\lo miittelft.l that al'o feund. in Mrly
strata.  nllt&'bl, 111the abales. 'Ibo vo3Atlle pJlidnots evobed in ihl0
Innmnie oont-.1n lares qu/lJllititlea of 10N\r~s and tdmtlal' oa:ib~Uana of
oarbtin and ~ocon. II'lth bllt little  Ci$l'om 410"1&.. !Lbllftc . Metrlbtl-
fllon ot cae "811$ O'lel' tho oountly .t~8t8 a very 6$neral dllllliical action
of 1\hls eort 7U1~  OQIIbaldtlb),Q calloll. At Oolol'lldo City, thJ.'ee mliGe



allitall' ~ frOlll the wfanitQir lpl'l~". a L'IIN61118 of oCllIbQetlble ~. hae been
ol;ltalned fl'om the 1wc 'lIQIlla abaad;¥' bo2'Qd. A ICCOndellol1lliGobvlouely a true one
wbel'0 the PJ'O:pllonditl cns, lldet. 18 found 1n the beat of ),avalt ot taMlle rocke
'IhSI'G they CCIlIUd1J'<lotl;, 1n conwet ,,1th U, IlIOI1toMS. tt .. be 1l0l1bted wllethGJ'
me'll. gal 18 ever pl'o41IC$4'hl actul:>l 1'1.. of tGl'lperatllH tn thil) .,  without the
atd of moisture, bQt tingll.OeUonably w.petluJete ...  tlI'll eul71rllil d1l8olved mineral
mattel'll GDIhpOQllpcnled 'bl 1/apel's and gael! pl'odliCod 17 Imch sttMWI rooks, would
effect tM llbet'atlon of thll gas. Thlril7. 1l,mestOMe IleeP17 bul84 uMOI' 11
late1> a.tpolltte of toOk '1111wtioJ” wi. InoflISIIG of tE!lllpeltat™ Ible to the ,le of
hoceothans. e.nd heeto4. I:lIMraUzo4. wato.", "lll then brl!la about ehfllliS4al I'llo'
IllltloM  with the IS!ll.$etonea. illl:lp10dese Ol timpontue alone .U1 not sUffice in
1\14ll. GMlosed. eues to liberate  the carbon dlO1&lIde, thOllglwltll the ald of
1llotetllH 1t Hitwmetfl/II0I'phostithe  Umelitollee to marble. A laot cautl4 to be noUeed
here til the ehtllllical deOOlllpolllthn of UrlJelltOl'ltleffeoted.  with o1 wtthou.t hle:h
heat, ~ -.o1d waterll o1 lI7 et\lta whitfl "Mt with t318 CQI'blIMto8 of lime %4
~1'1810,  lol'lllincra 1'l017Sel'le8 of salte M4 ettine  treG carbClllle acld €d0. \hie
last eautlO bas Il1Genin patil llolltieipated in the t\l) Pl'ooed~ theodoe f4 tho
derivation of the ps.

48 th8 /l.evelop:i(Int of « tllOory of 1l\e fOl'lllllitlon of Ol'ol\lowlioxide
srcbablyy  turhll  In no SlDt.IUdeeree Ilponthe e.oUon of I1UbIItMO8IJ 1n wlutlon
4Btlved trQlitbe I'GOItll., 1il 1. appropllate 11$"™ to consltIf.I'lI<INGof t2le reeultli'l of
Inve8tl~tlon  alotlC t:llls 11M. Tho 41.1nte,~tlOI1  of /II1lI'i.'"'Merocks b;YI1tlnoopherlo

~eMleB 10 very apparent to the ... Mta4 product. of thiB resolution ot the
nckli have been the IlI11ll.'eotof ~tl11 ' i+ Car'bON.c e.oid hQll tho atlnollVhel'o.
os' that 4el'ivoA hCllit the old/l.eUllft 'ot cle~ OS'ganlc MttUG  1n the 8011 pl&70

a vel7 1mpol'tllolitput 1n tMdUIntO8l'atlon  at dUcate &8 well an of oarboMte
I'ooke. It pl'odueoe 1n tbe tormer olsID o&'bOnitee of tbe alllsllee am IllkaliM
e the. and the lie .N& alo ... lod. a~ .).01,1.ith lI<lllleillean GI141110ta1110

earllonatGe.  etc.. 1n thO pereolatina  _t&re. It 1. llello... ttlQt all IOo.ke. at
lead to vetyy great deptho. are JII  atQ4 Ililth. tor  ‘lhich hall nHir\de 1110.., trcm
tho slu:facedolllliRt'd.  and llihichexel't8  llolacUon WUn that [IM_ on rocks nacr lilia

[lUJfaoe of the greund. .U thetl8 meteoric waters descend thel/' t1"84u.lll»- lose the
l[iON aoUve elcmente. Meeobed 0x,n:oneM oe.tflonl0 aoi4. with whloh thqg ~!wi.

thea Jo~be~ esba\Olltlldin llhcrt MetlIM."  when tho;, poroolate sIOWIL/
through the rOCko. and earl7ina  them el'Ost depths IthOlltbOl' pag88 thl'Oosll POJOUS
or sho.ttel'ft rocklil. Gspecially "boB y tiM  chanllele or tlltllital'GSn Illhloh to

nOW', but as tho waters reach Illore ‘'deeply ‘btarled IOMe fo 119'14'01101"8n1POWIIJANd.
chemloe.l acU'fltr le developed 1n e,.,a.tn and greater 4eZree by the Inorealll!la
nomt mn P*IJINNU'Gto 'lhloh thel/' 11.'elJIbJeott\d.  Under the Influenco 0Ot thelle
stimUli the t\)tHIIIOhI~  of roCKkli pl'liCeedo at iii 'falitl1l/'Inoree.$0d. rato, klloIW~&-
tlOI1. aOlution, chemical cmblnatlon and lu'ynalUptlon 1fo11tne e ellllollt. oelle...
lesll cliMe- tn llle]Wkind.ll of.'deepl, blll"tod fCIlI'lllllotlons. 1V1dence of tMB holal\ten-
ellootlOn d hGstod wallen 18 affol.'ded t0 un 1tt the het epl'—~. of all countdee.
as a rule. waters ‘Jhlell f,BBU8from tM 8lU'th at hich tHIIPEII'iItU88 bl'tna wUh t1'10Ill
8XCOlllJIve ~tttleli 01' 410s01v.  miMtallll'ltten. '-'he mol'lenl theol'l&e of the
ttiin( of fi11lilll1'1felna h larc;ell bl.Uledupon the ~ato .. eolllblUV  of

81110iou.. e.nd calcureGI1IJtONIIPO'WIdibetall10  oulphidell ILlld othel' vein mattet’. 11\
the h5ted _tel's at the doepol' part!!" of the floll,I'th'scnet to Illhl«tl IN.Oh crevices
extend. fi' to _ters hested ~ 1>04188of teneus rook. Inproceeo  OF coUln(l,
althoueh of OQUS'SHt ~ depth. llllall or tINil.t. tho solvent acUon of water tall:es
plllIIO, aMm. [I'lolution 1l proceed more li'e.pldll 1n oae leW of rock 'tMn e.notlllJ1"."he
appllcation to be lllil4e of tbe fONg(llncr O'bMyvaUomd pandll upon the fllot 'tMt

_to" thwI blshly ohtlr~  willbl!llneral lll&ttel'B 1n roa l'issGnll ,,0111cbe "ell
Il.dlllpted to prodtlCe I'ee.otloJ1\!lu.pon U.menOl1e8 U*thq Ilhould chance to om8 1n conoo
taot with them. 1t mould not eeoape notice that tho flow of ~8 at nill011take!!
place w'thin a very If!llltEldslI'(la. Md that no otMIt o:1lllUal' llpr~11 are fouM 1n

thili Imocllate ["oclon. 1t I 'lor, 1 ~I phenOMnu. tovll1l.' tM ca110~valllhtat:
sive I"lee to the eae. thf>1 ean have no C&Mral a'ppHcatlot!. to the Idmllitlr eel'les
of rook. estell/UJla fo!" kil HUell /\lo~tbe  [11OI1nt~insIOPSII, else the aVI4Bnoe of

thell' aclllon woul4 be mo" widely 4letl"l.bllted. Bence sonfi 10Clal C8lle&le to be
OQtJeht at Manltall all tho p:ll'oll.ueernf th.e ~II.



RadDG twa examinoo. thO ".ItI1Ation at HArlltou 11114rletl8  rovieftd 8011le
theorlell  of: the eyolntlon Ot ttlU'Mmto an1l sae f'rollltho CI51'th~1t 18 ntl'if 1198s1blt

to moH detinlU1l7  .Slll~ a "allonable calUlllatl4 eO\LIIObf thl NOW of 11 In
qustion. It mciis ttl be GeMrally agreed that the carboMt.lt tomed thl'O\I6h tbe
4eel.llilpollltion of WUloe.ts nol«l bl atrl'lol.phol'lo .tel'll 1111).not ~ ~ MOM. ...-

I'loCtlonain thoue neke lone mQciont tal' a )Ju<e9 llw ot etle. ;\180 the ."ollltlon
of carbon dlo:ddt b;( the el01J.natut81 4htUlatilon of ~bOrI'lliCtou. Hillel's. 4eep-
I8 'b!U'led 1li. Ift"ta. 1. an uplSM1I101'1 D!)t lloppUcablO to the J,1Z'881110tiwle. ‘tleemile
of the garoi<t pu,Jit:; Of the l1!Qnou. pl. ‘'l'bo 4S.~~t at the CSIIfI'(ll lime-
stonGe 1I'bJIIOI$dflo heat fliltl dll— 18ogell'tirel'llls appeal\! llapl'o’bable beQlJe the
trata at 7Jwtou. 'eellle not to 'be "017 "",11 bUl'iodt. and bG®IiW1lbe salt. tOW'Ild
in tho ‘lliatel' of' the [IPrlJICs,olftt to anotoor 01ee 1t or Il'oob v a sQU'l'ce. end aleo
\iicatus the spl'SJlesarc canlllwtl to eo UmSted an area.

nw ~1'CileJiC.of INAGILiI8 OF fGneue rook. near tbe UmIISOIEIS ~  be I.loneldENI"
eel a ,0881bl. apl/111'liltlitonof tM {h$llO!MImOn. dnae th~b  no aucller~tloAll out->
01'OP near VM1tOIll.  there |IlII'¥ ;y'6tbo Intl'UEIl'fe 1lle.lliigltat tbllrl buS.ed moro or lell8
Nelllp17 bClIleatlltM g:tavel) ar _ImlultoJ'’l belie. Thbll _torl' cf the ep1liGEl ‘lIn)uld

probabl8 hiilvll' « much h1{d'M' ti!'l.llpoMtlU'8tbBn thO:," 11011 polldblizii 11 t.11J,S"1lof tgneus
rock retllbdnG €UN ouffotolit  hit  to ~ tile tel' to dls.one its IlU"(,0

peroentaBe Qf IllinElral Illatt., o~ in tbls 1\lll''ediate ne~borhoed. AUogethelr.
Jn the ablsQliceat eome polUL". 89idellCe of' tbe plleli$ll.CO of lilUOhbeate4 )/OOk8 th18
ospl.an/>tton fist  'ba gnl.te dollibtful.

N nnalJul thim to Illacuss the pro_blUtr of tho ~I'lli$tlon of 1lhta ~.

111 o~ HIIQUo» OI 418801ved mbataM. 1ft a flllJ at ftttr  whlich risChea 11M
1".1100011 ot tou., M4 110&:doiia.Mm whether tNI.e 1sia.t hand SO\.11Oes I11beneo
thf.li ...Uno .ol\lUon ~, haesnL\b1¥" ,ote<! to . Tb10 explanattén.  difto"It
tra t)le prece4int3 O!it ma~ b thtdl .—€ of the reaot- alU. 1& mo remote.
:le 'hel'$ INU.4r _eoce of aoU"ftichlliDloal 1101u.tlonapzolioot at I<".alJJ.touant\ if’
thilit be allsened, wbat edd$IlIC8cu be lll4ducedin ~ 01 .. thaolr)' of thlll llott?

It 1IU" be 4&lltte4 that pOliltbe pllool 1l not riow .1lltalMble.  bUt there as'G .ome
OoMldeMUcne 1HNLChIILf be 1U'gf14 in r.101' Oftuoh a theot;r.

I
Rdol'enco hall abeat\Y en made to the flmlllt and I'OCkooeUp.at MnnltOl1.

end to the p1'Ob&bl11t7 of tho P"lIIQI'IO&T an Qatelilt". ,11ZId,,*otouad :root-
th8U.1'8 e:cte~ f:oOli UiUlltou oontll111oUll}&long tha elellGftl ISM of tblll 'Ute
Pan up into mms.tou Iltrl!l.  In ,,1ft of the pre$01l01 ot an elitenel.V6 OI1tflOir of

itlneu.e  rocks 11Ot [IIM7 mile. tUetimt at 01'loppl0 Cftek. Arldof sii O'O.terOJof
phonolite nearer still on 'he loo 14. of I'="" Peak. N 18 altoe;etbell' I1ltal.;r
tbat .. Mop tlliglu'O  llUeb. IH tbat MMitOll. it net In ICllle., COlUl(tolled nth
those dletlU'blw.lo. And th<l le'8 Or Intoll'lor UQq)ll4 1litted” undll' thlll Trea~on. 78t
penetrato.  to depthl lltrql.;r .tfeoUd b7 tM. hoate4 mowmo. If a f18mro
ooolua ..t 1t0ll .hieh pen.llft'ee’tih. euth'll eJllUlutno™.nt~ to reach bleb-
1y heateel. 1'0C!Ill.the 13wal hUon  olJlatvlldin fi.lllU',"velft fUllna wUIl lle ve"y
fJUVIILY In4dUced. W h~I1ll1linoBlbf14 liJOlationlf wUl ",eSI11t 68 befta  eltplaitl-
ed. Al'JdU' flU'theJt the fblIQN at I~lIn1tCllextend! to e« nUOI1 PUt at' oCllim\1l1loatea
with tls$lU'o. of the Ctllppl.e C... k 4,111tr101";01' litth thee. in somg other elevated
I'eetono the _tel's 1llhloh.'fO~ore fInd odll In moh rOCk: orevicos. woul4. tn
. elta:l thelr 16™1, ~ONIrt€ flo ~1e.l IEl'lls, aawal~- J:8GGat the 1(>,,01'
11011'111wheJ19 the uptlnl):. are toun4.i Roated watel'S, or 1rtitiQrl e'lell 1J1t{)ht~ hoatod.
i GGlll1rlento eontl\Ot .11>htbe ~:rlm_~ | .tOMs of Illaliltou trOul.4 P~Olllpt-
.~ \IP dhClUclll roAcCtlot18 amud by tho prBI4illilO of eoJ.ele lllattol'Q nob. a& tNt
oUlc&ta. of th« .1JlaUo0"cnd other tab, stUoie .14. eull,'hiMe. aulphBtea.
etc = 40dv04 f1'0lli tho he-tea. rOOks. ft.. I'eaoUoua 1llhleh~take p~!Qeneed
cnlE be gellerr.UL.3" 1M1:cated bere aine. the, ua not peotllilllr to thle ‘beo..,.
AlkaltM .1Uoall.1l \ould -~ to carbonate e ~1nlll btoAll'boMt08. In. .0 tar ae
tbe. QaCuUons nrﬁ' FO. l1110. to RIlplato., or, -if c10tinG olllllbinatloM of
111Mand 1'11'J6X!8ei & « In the eUlU'lanls.atQno-to ohlol'U.e, In 'both c™_
at even. a 'tellY llIG4eratel3' e~ato4  tOlIP&1I'8tIUf11tll the evolu.tlon of Arbon
Mod_. I[1'0A "old fIlnt b omas eol'bOl'Jlltoe an4 then pOI'OxUbe. [I0ttinS
e/Ubon 4S.oside 1L,y lIZI4f.III1—a tel'ltQ6lnoua Felpita’e. Ittho wa.ter, .ere
onl¥ 11lisht1l hot. elUcle Mid II\)uldfom Ineolll\lle calem dUcate wl1;h 11ool"a:
Uon of Qa:rbondiodde. In tle Clae of hot _tors tho 'balllic carbonatos of

—-0-



~llla alld plPobobly a1110 of o0al01I11'1 wollltl. \1$ toJllled 4.uteed4 of oolllllal or 8014

ealt, bj; raaoUontl of tM 11&1'. of 1110U.0. ate. 'I'bﬁ [|l},wtth 0liMJ' Icnmrnan4
possible  ~t10I'L.tl, MOOQDtfOI' tbe gen&r&™oa of the'l t Irbe MI ta oontallle4
~ the flII'MI8 _"rll .. 61" be ,.1 .1.7ezplalned la by the" ftlICIUCInIil,
all4 in pti1t by Ji'Oll4tlon=~e4, ud Dillin ealh la_ Hue tbrooeb ,be
I'l.e0811elonf eell~ _tEII'S 1Athe lla— to the .~. 106 oCllIQentJoatlomf

eolllUon., or llh. bltJt PJI'Cfintage< ofaalte In'be ..tel'. ie WQILlhlllalnelt by
tbb  Cellsnuo.n. A largel 1981011 11k. tll'leOlks siSIlING t0O ubt  at .anitoll. _at
NO.be  ~teo.l0 _to". ‘by 1IOllpl.I6. &10118i.11h014]  courltt, and auch a441Uou
‘bl'lva "UIl them. ~h  their 1ImU quNltiity (f cl1'lldhe4 _Us.  The waten \ilb.f4h
oree ftoll the tlUlU'e at or abo". BaatttleQél.t allJo be OllIWMhblyehlUIge4

Sa ~.l oontenta by tM sceeallll  of _tora  ft__ the I0CAI l'ooka, flO.d
1lbose ohanGee a:rlt pl'0ll&blYetoatEll' .t acme pointe™ tliM.at otbhG.. _ 'l'be dlnerence
1AtINIPtINty. be._  the varlo.... epihfl@liIIM4 alll0tlu~II' 4U'fOr&1ILIQLIN Hiwftll
matter. 4l'llol"e4 1At11. tel', a3 0 1111, o™Plallllad. fhe &UI'T$OIl

_tell'  do not "lll41~make tholr tilJyr \hJ"GNIhthe ..eodl:to-roall:'tnto the IIPI"Snge
atl4 heMe th epl'tne_ 40 not becomo h11.7 tUlil tbe tempeftltiu'e of the .. tel! 1'Il!latnl
glllte OOfletant, ~1XI€:1  atill enlllighh.,11 to .pe lteslsMt04 ae "I'hmlllil" In tll'le
u. S. GoVtUlJllllellt 1'1IPol!'tl'l.

the colnoldeloe ‘oeliwofmthe (UmSnutlctl of the {guil and tM'li of th.e wateJ'
a,nd 6111du.rblg the eoldee t winUI' iliOntbll; pobabl.7 1'EY1 In thill wQuuir. 'PM
feedel'ld: of til. flIV ...tlow &18 tn 1Uge J1Ut tho litad olea™l,'ItdblI'Mkll b1l

the rock. &4~ent to the mata faUlt or tta blrucbeasssimi'l thlil7 in turn Mrlve

thei», IIGPPly ~ the ItUI$O. _tlirl  'Iblah pjlJ'Cola™ downwallll.  ttl the "eq <tol4d
WitAtllet the n~ ... 1... 11 iennniplrd NOtft,31'~11IU at hil'll .1 .... tlon...
are ~tl' / .t bell:la11914 Inahdck f'l'oell, 80 that tho au.pp:l)' 11 leellen”
ell tn thelllllL It. tn 11k._$|' th. el@pe. of fihe Utet P$8I!IItA t1W JI.O'ebbOl'oo
boOllbiU™ flA3 be qpoeed 'liG @ "plG8 _~rl  of tbe ,elUmentu'7
bede at | e HB8tJt\1nSJla ('It, fl'olt) \Itell' glWta of the IfUplll7for the

.prblg,. EINP"~117  flul4 11h1. bl tl'lt ©F. ... [~ probable, tbe 1l10I'Q4l1evlite4
all4 COlllpcil'atf;v'17 flll:ladtld.\pouth 814. of tbe Plio fluonlebe. the bQlk of the ... ~
_terti wMoh IIIIM ~11' p to tile Ifl>r—.1 UD4e. lillees eondlUolll1 fihe tOIIJOftItur8
of the IPI"11'lsevould not ~11 enatl.7 tatz LG U e 111t., alneo t1JI
ooldellt NUITS0etel” of millte% . tich HILlelelll tie ~reaud fl.GUL ..
_tElra  WOQ14 allO0 be IfiQuh. dl.mtJUlboa tn ‘oll1l!De. th the dsoIPR - in water -oult.
o a dee.... to. ol.Us+ .wl so8lao of ,he ga. po4llot4 b, the ~Uon. pre-

v10I1'1T OlltUne4.
1'he aalt. oOllllngioois ttle pliulie4 fl.o.lILU" beDoath the |_ttone.

nato.N1b'  llerl/l. to follow tho ~ anA be4%~I pINee of 1M ettallttlc I'ock:$ Ol'ld
thtl.eto ~  their.., dirii tte oldtwa., ..Opt& rithout omn- to tb. lufoc-.
lhe 1'0818t4nc. " th1ll flow riJIINULIG ftQIl trlcUQA and pelbapll fl"om Ifl!»'» tolds
and talte elllit tuft manllot-. cawles tte *tllr. to fOIOG an auU t— the brokon

and toldell etftta at the “litem Ilele of tho c1V. '1'11two 1111 fluell of .y
r.co r«tk befoc'Omnt:10n0d apM  to 81v8 in th.lr 0:101100. tbe OP9Ortwlltl frit' a
tIDal. eecaPl to tho ~o of thli .. t6lI' Md (Jd., AU tbe olrCUllltano.. , thel'O~
tol'6, eO~H 111th the pollltlon e.li4 flowot tho IlIPI't.needitllil the HIWI'IL]I00™
tents of tlle -tOl", oto., amB to be conallltenll ,"th, it th&V two oot fllvol" .tM.e
e:a:pbllatlon.

lirlefl7. the, the thea.,. adVvNIOtid. of tblJorJ8Stt. ot b natUl'lll 6" at
[I'al'lltou may thue be INHIIIIUhod.  "or PI8ft)Ol.t— thr~ .11lbte rock.1wl
'beomlll6 higb.l, INInOft),111Jd Wide.. fllvota\lle OOllclitlou of tClillPEII'&1;uaand s-
... it VI3 tbto~ onoke anll p~tOWI1~tb&11"™. tir tbe.liCtlon of
nr&vit,  tha UoeMiONIl  ponl’ tre,pa '~ bll:lea~ to ,be 1.1IMfitOfINI .. 811m:l.
nol\h at 111a!i11loll. 1t S€ 1:10" Inc.. Ui iNn"01-.  end In 41HQ1'fe<!, 8itlte b1 tbe
JIWllel"OUBdditlonEl  of sdplise -- tllrs Mo the 1QCllolroeli:., a4 al80 lonJed In
tQIlllp$I"Nitl'6 at too polnt, Wie. thellO bInllSU  occu. By abmlllQ) I'OMtlone
nomo ot _  <UeGl:lbed oUte ~ —ed. llhe oiQtic.i Uox14:e ol'lgiMIly  bel4d
(almost  GftU«17It.y the Ilme"onel  1EII~I'&tfIN  h'tllll tIB oOlllb!MUon  :bilt Us-
1101'ed tn the nWJI on SCII'OlintoS thll ~'~I1llllUc pres8Ul'e. Ae:tM-



“atar. 1rle through the tl."1'e,stl:1~o~I. WV811d fiCll o;raak. and leem e tbe
presliU'l) doOr.sea. N4 more and I110reof the 41.101..$4 e&Ocaoapel] trlllI the
wa~Il".  unllU cot last when tbo nurfivs til JelllOhe4 at the 11'10'10\\8I»I'iJIBII the
ails CImillJ'6®@ath tM I'T'tbnto flow 4111 to the 1~1'111tl\ts In the ClhGrmellaf
lnzim;.

of ~Il ~  ttmptatlonll to olptiylilonl an4 eenerelhatlon, er-lnaou.t
of hi. 8tud3'4 tiM Ol'latn of tbl natUl'al gufinit at Manltou, the ".iter .,.181411
to tbe two tollowl~t (11 the oaYerlUlat MMitou I'lI81'lcthe scene of a f'OI'lll.r een-
Jd4erable oh!'l!liml fM)tbltt. pOlllltbl.t 1~ bl the samecauses tdcu et .B  tn
the 10'lIGl'etteta 1n tbe Li84Inlll' I'V:Intlonoll ebove. It 1b8 theoJ11114~ in thl.
paper io tl'Q8, oa'enl of 1JJ1:1kk4 1 n_ be in PI'CIOGS.of OXCflvalon .Iclh
"Ul 1n tling tS:al o1 .u.P. those 80 llIMhaAI:1/. tn tlle nowdrllined and f—-
llonto.lI'r p Jta of atl'llitlit on the ‘llllet Bide of  IUIliIIIE!'oanen. t21 fila dAtil In
thl himds of tM 'lh'iter.  coMIJllAlzla tbt QllU"bonated manaal eprtlGo of OtM1'
10cautl” am too ~1't to po~U of wiv vory( genelalc __  1anonn or cl.odActlomt,
blAt it llroul4 apl'Qar- ftcc pullUGLL.G4 delCl'lptlomt that 1n lIOIIG nOte.b.le inlltarlQ&.
It IRet, the floll of CtU'bon4loxlde.. J\Jt at) at l.!4\nttou. QOt'ltU'IlIhere tlllu'O 11U
no tenGUIl rooke, bat at pelnts Whore tle ol.1lU nckll Mye been t'&ul~ or ff.-8llUi'ed
belw ove~lIflna I11lIMItoMIl. A oalle 1n IUllLlltratlen  occ\U'o at thG earatoea spr.1r'lJs
Ul WEINI'011:1;. TM 811urllm. Umeetone ta tlllUN~mIted ~ a fillSIwlt which 81ltanda
down tnto title 11J'OhMsn 1'0011:&elC1V, end no otM, villilble oqQuui n,ptlOI'l for the
senefatllOn of the GI'th Aloo the Qotldltlont ¢f - Canon CIt,." 0010., ectbOlll\ted

llprinc:I' BeGll, IrID 00 ~wtlon of' tbe /lliflologlcal Illilipeto be ver, slmllar to
those at,r.tNtltou-but llbe write .. has no poeltlve 1l 111~e al to Ill1letb:Il' or not
the toak t18lillU'eldn tl)ttJ region ~ totbB  dolnit;rot tbe eprllleld as 11 the
oaM at 1!&ntou. The pubUllhed Mal;rllOI'cf the nterr f101l bl [IP"~Il at Canon
CitH show that si, .o.peot or bollh tbe tin/1li1 of IAU. ‘and the (llUIntlt;r of thtllll
prellC!1t. th~ "or'S olcs('l:v Jtelilelllbiollbl llpr~1  n—21danltou.

'ngpaooondpart Ot 1ih1l paper oonio'ul the use made by the lil'llIUllcm

IlUnol . Coee of thll natll1"Q,IBA' _loh ommfii hom the opl'lnaa. li. dellOi'lp-.
tlOon of the stepll twwland tbe apparatus deVised to $COCHIPIbh thle T IMII be

of Litte~llt. Intho ~tly —. the gav_50 s-e\IP or llpt~s 00111014n4 fbllled
LIt a peaty nior11se. and could be apprOfIChINI#Vith Ufflculty.. ~ No..,,. apdD3
\6loh (gftfl the mo.t gal lilll4 _tel' _1I then oub04 with IH\I'lentand stcu alid thO
Qi tined  up 11'dl earth. 1Ol t™M.  eprillG wall ~ 1lhe wtel' ptill up by tho
COillpanJin 1&a9. at tho tbe PJopoeltlon S made to Ilse the OIfCapl.n/&ll- to
teoho.'I'/1Iftb& bottled. va_. = .In the ecoOII\PIlt1:n«Ltof thls plea thr/Je problOllls

regliil'esh 110111\fon. IUirlel;1 t11 to asoCll'taln tho qIUIIl'lgg.of eas avall:ble fol'
use. €Z| to deville mimia L{" oflo_inS ood storlliG tite , «31 to obtaln a flae-
pwnp VIhloh would oontlrll1ol11!1;r W'Id praotloally (IQllpn8S the gall to tho MerOO
obtlltlrJod Ili the old cae-gflneratoro. 1. e. oane 00 to 130lblle. PEI'~ Inch.

b midallQiGnt of the e&ll was off$Otod Gil toUOfI'lt A larGO tin tunnel.
[titfenl\ld /lot 1lb.ewide openltla nth !le$v;r *,"N. <WI1IMde vert ehqgrt trOlll IArB/)
to !i:aU an4" was ounk mouth d.o~ utlller the watG' of the tIPI'Ula as, df.leply
a8 JOo8lble.  'llhdllOllthof tM ftmnlll _a mfae IMiftal' oe.lll'al t1'1810 to oontOl'fll
to the kro€llllarltlo.  tit tiM $prine. _  tho tUmIOI when thus IUted wao held
iN pIMO by woodon euppor<tt. beoau.86 PI'lllI$lild.upwo.rd mth 11lUOh1'(11'00by tho rlll~
<1\, AIC'GG beU-:;).allll of 1lleapaelt, of ., or € Utree WG lised to ' the

411\'01'lent.  I'nle boll-ela.e  when ti),1ed wltb watell"by 1l':rnarslon 1n tlllo™  ~I
was held 1ll0lith d~ over the liltllAllo~ of tllo funnel Whbonoe the e-M I1LIif
.Gaped, atld as the fPIl entered It tllo water ... dleplllel'dd. 'I'hfl, blll1~lo.sa
was gradnalll nhlIC1 ot of ttle tel* as the GI's aoCUIlllUlated.untU when 1t _1i
full of aaa the INONtb. Just cUpPJION ben(I$th the Dufault Cit the wat0l. In tlhlo ..
way the b 58 IlIGt\surcdat the thQIll.preV'Allirtg lltmoepllotltl prGllimH. 0Olllnelto
the "O'fll tapld flow of theca., the tlae l'oqull'fl4 to tlll  tho 11011-31&119
ooulll not '- voJ7 MOIU'ate),y detetlllillled, ~~ b.,. 1'Gpoat~ the exportmont MMI
ti/llea end 1lIk1118 I'm W61'116Q' of the t11113I'QCIot4l1, the twlllbor of Ilooonda requ.ll'ed



to tI11 1t wall t\flOOI'talnt>clvith eul'l'lel.t AOCUI'M;'toJ' pltl<iUcal pll.I'ilOnell.
'llbe qUANtit:r of gao evolved d.aUy wall 40" easily oOl!lputed, proVided tho flo"
\'lall OQrlllitimt &8 o'bllonaUoll blAclliOtlilJedo tndioate.  1llth tho", fl6Ufee 1t Wwa.
pOlletble 110C/.\I~te tM l[ liller of bottleaot ~ wate, that co\U.d be rachal'gad
wlth thi/ll natural gat pel i+ IOUSh1ylJPElell:~, watell "nl absorb ItS own
volee  of ouben Mexille 'ltI"'ffovorbe tle ppuure to dlich tha 1mter tm4 gas
I'T. eubdlicted.  AlIs\IIIIENLY [I1'ueun to 1.t etoh tho OQIIFBII,l\No9J.d boUle
watel", the ~I'd0\CtICII in volllllllJ of the €dS .. , obt!lined T tho nile ot tllll

s ... 8-
I

''n rlee of tGmplllrature, du:oto OIlINIKNIC.,.. co\Ud pracUalllilly _ [I'letllooted
lllnc!) tho _ter  witlelently Cooled the ea.. 'llle %llllliber of botUee 'lihlob
oould be fllled t1'Olli ttif.e llllppleof 84110e4 ‘illite. wae r_

It A rep“etntlld the 114pe,;oltyof' each bllttle. Thutl the OGIlIIPM3watlaelllU'l'ld
tr}o'llth IIISllj(pply WOI11d0 lIWIh more thi\lliau.ftlofent t. the then 0411€ Olltpat
of tbo 'lI"ku.

\I'he 1ilelJ00000poblelftnvolvl.tla thll oo.nllUu.ctlon of ILI'Pfintli$ tor
clitehl.tla amt atOI"~ the (I$s _a elll'llllliflldtore troublellOIM. Ifbe edUloUfl
WOI'0(1) that the wato... of tbe sprlng, l4l.1d\ \fUe unqQ\ f01' bo'tl~.- st b.e,
p"esorved frOll oontMlInatlon [ITmllalUc /llllte, (2) that the sae !lUst bo farCed
b;r i'0  OWN prOIS81UIl tO an apd,lropris$t. eallholder, (3) thilt the epl"1Dg 1111l8tbe
I\Cc8sulble for cleanlllc and !ld,lutdtmllntof t'Je overflow piPGs mitb carl? the
titer to t."\ebottl~ wosil.  Anothe.l' point .loh b4ddeome 1ntlUGMe in dElkr ..
11~ tbe ch.Bl'ootel' of the appalll.tus to be ueed. was the wiflh of the. C~
to have all parie of i1t open te irlspliletion 'b1' 1V1I1t01'1lto the WOI'lts-a pOUdil’
the wf.sdOI'bf "Mell h~e beon ~PIr jllittfloa [V 8wiliflquent ezpelionco.  'Jlo
Mt tMae 1'oqul.romentlJIt wss deolde4 to itlimertle a bell ..tlhape4 votli3el 1n tIl.1il'
epl'll3 10 catCh the. €-Il. 1'rllll thi. bell ..tM gal c09J.d be O$rrie<I lilo pipe. to .
the WON., two oFtbN8 hundl'e4 teet ill,tAnt. ~ %a ordor to 61". thetl$lt aut-
fl.clont pretlOlU'8 to torM It throucll thl't cO114ll.t'Itl.nglpe, and tIMt It  into a
rooell'81' 01' €l6e-hflder. 1t .01.114 lleneoelll!llJU7 to depl'eee tM beU IN tu
epl'lns _tor Ifliffldently to allow fat the 4lfferenco tn 1$y.1 betwliHilthe 1iUu'oo
tao. of the _te, CDt!¥l oul:oldElmil tbElt et 1hlt _tD)I* wlthb!.. At tile ga,...
hol40r tbitr QondUaUng plpe WOUIdoye to dl, Illto tEIl' sevel'~l truiss 1n
omsS' to tlI&klt « wat..... Sllal Ootl!lootlon, to pre*ent, loes of gas fn 0a". of
soddent to the plpe or 'bell, and 1n the tae-holdEll' itself, a e1S$M pre.Slin
wo\Ud bo neede<lto seD! the €a to the pU!llpo. IN p""~tlon toll the
Nl)$ptlon of thb bell the Ilprtna D8 01eal'04 ol1tilJid 1NIO'fhat 4eoJehd,  $ll4

upoll the ['O0II7 tiottom, .. tIhOl'tdhtl'IMe  aldovG the vente wMmI10G Is8!l.&the g",.
and wator, a abelf of oment. chclllv 1n plan, an4 about 111xlnahes fide,

_. built within the Incloelns _11a Ot tie 'prine.  1llb.1cK.also Lil5de
eyllndri1141.  On. tlll ebelt the bottQIl cd' tbe bell _II to reat. ~ An SnOldent
1n tbe wm of defP~ tbe tIP1'lrlgand OCIHIIItri10ting tM shelf GIl4_118 S.
YOI"th)' of pa0O8lrla note. .~e vole of gao wall ‘0 —t that WOI otU14 not
I'llllain a mumsiat  Slt tbe uco .atloOll fitbont ap~tull to ";pl, I...eN .t .1 1"l

wa. pslttlded b;Vthe 11 Of « dentll't 8 €-...1llhale. OOI'Motod 'tilth /\ plcoe of
oOllllIM™*donlioltl' r&ehl!\:) above b CUI'bd the $pllni;. Evon \'11th tll.Is 1tl.-
hti1Cl" :lit ... nooeetlar7 to stop the llOatru. d tho moawltb pll1,$8to kefp. 011'
the eaa. 'flhen, as etten hi\p}lel!tiCl, one of thes .... 1 8topperQ bGoOllldi ...
placed, 1M wrkmailwllld preolllitatol, boltfw tho SllI'faco with Il shout ot
pl.U r%jl the llbu'p stine ot 11\8 gtu intho NO™ still nil'-paDBa6eo.  fearl!
WOLE = fttOlllthe eres of tlwse .~ inworlc~ at tho bottClII Ot tht

|

- _1101"1&1 ot which tQ lIPq the bell was Snlperlimt fttm ttl. taot
that the watol' of tbe e~tna IIU.IIt [1lJeator bOtl1lJle. Iron twit wll14 de-
lIt..0, the olearness at tbl n.t8r, y OClpllOl'ard 1lIM would oM pobon0U8
hite,  whlcll, 81tll.~  PNaent in .,elTlJI1lnuto qtllirititios, woul4 yet oause



4Ub'un  1n ttle lliflle r4 UJIIiIrzEjlltibe _~I ellvel™ e the I~ T1tal. bt\t
NIl the# td.8h value -~ 1t, . B),OCI£.:;.Un._  fo<IOiptl'd. t!l.oush the 41ft! ..
oulUo. Sa twul WL of 1t.u™ =111 qldte Im"o~  ‘'rhe tom of -the lleU adopt.
e4 1. ehown in uetIMIl  elevation .NJ4 ,larl Sa the armoxod.pl”te. It es

bu.llt 11, the n6ftWenu.f80tul'ltl6 C~. of CbI(li{lO. after plenlt ot \lI$ 111'1uS".

'fh$ ~. of blook-otirl Clo. la dCliin wUo ~ th~ .. ) IG8 hOld in pl—
and NItt— wp & lluloton to.-1OdAMf hRqt ~  '11I.. enoalO4 1n Un ptpee.
"be hta e=tho ~ bal betin fOlUI4 1n sbHquen't el to bo too I1t'lbt. ~  the
beU "~ tiM t:IOft oarelill halldlirle to pruvent iUlI'botloll Illld o.aollllliG.
otborwl .. \} ball "MIfultUIl~ 1t. J1.JPOIOMand suiv (.ran. 19901 h altftoet aa
8ocel al tuet tdce In 1990. In. Ol'4AIrteTbl.'llt to the ~ Vv*"uold tlle now
Ot Cee ITithl)- aprS\l. the top of th9 'bell 1\ lllade of :plfite-alax eee Mel JUIIt

\lel"  tho glallld btél/.llall elootrt. 1nOflll4ellOent ULilllt.. !lle boll 18 holA flI1ll17 SN
placo. 1>7 bon .,lA,. taoteui to 1:beOtlroblnlJ.'

fb4 t\WIFEIONtu:pe of tho eF~'  (a0O11X50FabJ'1l h 8ﬁl!>|éh tIMt the eas
te loade4 with Dloll)\UI'tt. and ooJl4ellllatton 111thlt eondllOtinO I'lIDtI.
ellpoclall, 1n cold .. ~. In okor to prevQt .. etop~ .of tbe 111»0- 01p™
tl'ap t.,.tl plate 1 made ot , 1 Jlpe wall Inllel'ted at the loweat HQ$AtIn the 1w,
end on ellCQpt tor the aoCuUll101llot~ _. prOVIWI4
v ——— O P S L
. ‘leforQ olOlitn(l the dellOl'lptlon Ot ap.puatW! for oatelllllg the gao, it
should bll ~ thet at 0" of the alawatha IfPI'lI~" tho nMmiNI have olloQ8httl;\e

gae bl the 'WI. t'ilm kon /flome llemented upon 218 olU'bflrlo Cit the SP1SIIB. There 111
no W3ll to 8$11Into tho sprinl;: to r8116k" lipellll! etc.. altO.pt I.1 bHaldng tbe

csilmt lleallrJc. n  1lllu.14 appelQ'to 'b$ a win lo&mrC t0 bayS pti'ov$.doll e inllillhOle
wilth a HO'I'Gbleooveli' In thls dome to obvli&te that d1lftleult,. A cthWle of bon
\leU, plIMed SN other 'PI'ltle. an rnetbla iaPtiUt and reM.ss' tlle “tatllittl turbid,

fblll oetl.4ttcltli»"J plpo O burlo4 wel' 6I'0tUI4 to prevent heeslne.

tle sa .. holda, h dedsne4  to 1'1014™eaty ..tolU' haUI'S ;rtel4 of —s8 floOlll
the Illprb!8s. Iti oont.1M no et:rikl nOTol 'eatu. fbs bell o1 hOl4er U support-
ed bl tb1'ft chelne, whioh wn \)VOr pu.l11178attMh&d ~ 1:\'1:1 'Ulllber" .. t ftit tbi.
pupo .. MID the OCII»MY" bUJ.1MII8. and. btUlket 1tel6ht. IU'e laMed to sive the re-
,ulrttd flIslu'llto HIl4 1:hllgal to tb.e QlU'boaatlrle tiPPRatll'. %Il holdeJ' 41,. In
.1101' oonlilt.IDt4 In €. cement™. oletvn _loh clU\be conV!InIMUy4l'alllll4 and Olellll-
ed. A leruct IMI'1l018 1n tho top of tho hol.der PIIOV!.de4 llOlltoll to tb$ oltun  and to
the eMlolile4 plpelh a1 elGlitric  IncandeNeldl lomp tHII*4ttd jiiit b«neath tile arch ..
ttd. top of tM holdel' pel'mlts In8pecuon  of flbe pipe., tot' the 1I'6rCl\tI8vont r4
the gas, ,1l4for thls plulfise allto o lLulblal ct 11  611ll.0pla~Iluin ctmented 111
a petpondioo.lar Uno ono. 01480t 'lie MIIl. at 11110",&l. of abolit tltOt.et. fbjs
pipe _"eb. brblalt tlle dd€ nann tho llpl'irlge. u4 that 1fhichliM.e tll to the OiUbon-
aton, en4 tl'llat 11IhIQb pl'ovid.eo t1l ~10 llscapo fIfM .:meee of sae, rUo hom the
clililented 'bottClll of the cllliteJJA an4 UG euppolted upo'l en 1l'cn tl'lpod, a. [1hfl'lli. In
the 1IIQOOIIIPIU:t3bl@late. The pipo tor the enttMOe fI the cal cunee Sn the toru
0t .. /JOo.end and dips uder thal _tel' CllI0 nve or IU IMhell. to effect .. tel'
seal acawt ‘'laclD-i'lo.. 1'1» wodlow ,t.pe 10 capped 'by..utal bQ1.1lllbichdips
into the _tOIt 01 tlut ollltfU'n wy 10M IIl. toG hQldeJ' 11'not ,ot full of jS$.8,blit
Wil the holder 18 tnll the (lap of the VWUN. pipe ki re.illll4 b'Olll the water 11Dd
gall 111 .UO'861\to eeeape. Nil 0&P01' Sa.. bap hleo pbile) ~ connected bl ..
[118tlalQbasn with .\be tope of the hold.. Md 1. tMWOIl'e lalaod fI'C$ thQ water
wheA. the !l.ol&ur rhee abov. acortAtn  h&Isht. thle n.~tula  'llae IKI:NiJUmes caused
tI'Ollble 111 the kinldlle of tllil chai.n 0OMaOtlJl:J thG bOldel' '811lhthe e t&1 ca,. ‘'lh$
obaill. 11hOll14 be tna4e of mnall 11$810 that it me, l'elldlly coU 1n the 14.ttle
Me at thtt te,IO' the motAl cap. aM \UI6oU ~sn  without Idnltll. A SHIGlIroll
ftvpended £1'$ the ..oot of tbo holdu, whi41l wolllllUtt the call bir & aunt woQ14
plilmap. oMb'- allu diffloli1tl' of tMe lIOIl't.



... problem of the ooni»((8ilzo11 of the Gas in order to 1I'8Chal'Gfihe

1V&terwtth tt. _s, one of ".uUon and dtfttoult,. 'I'ne $llan at Urn  "tt.pted
I1to pulDp tho ~s into the old iran gil' eonel'lltOl'. 1IhEmIlI£11001\14 b.~wn

d 11864 tn the IUe 1limllel' as ft8 th artll101lall, made e-e. 1t was not llUeceSlil-
ful. beoriJii th0 ~ b~t tol' the Cl~ wOU4 not ClontimloUlI1J' not' evon tor
litl hOur. o_retl$  tbo gao "tth/llit  delltrofltlfl: tbo pecldns r.ttho pUton.beaa.  ‘'I'be
heat ilOVolopoll b7 the QOlllpr$lielOlahd the strAin \lponthelll. tn ate" lllOrAantli
:redUced rtibllol" "$heJ'll  to 11J.J1ede. and i_ther  ONIS. lajted bllt UtUe 1-~J'.
About thi. time the Witer. Whlle in N6'f/Yuk, CULr. Mal'll at « ruwW tom of ca™
bOIlIAtIn(flIPpuatllf inVQALtI'Aby the fllttll!lIIIMII llrotbel'e. '"I'nne Ot theM meohinu
nl'e th nelllplo~ 1ApracUoal “0lllc. 4#d an Inopection at the OM OPOnting tn
n6'f/ York 10ft no lcXllit for dOllbt.e to thoid' mOllt. The prinolptll ot tb.. macMne

.. _ OM to lliokl!! the tuldJy Ot a Jum of eelenco.. ‘i'he gald .. pgmpe4 into ..

llMall orUtlder of elAesqr mnal fllld the toJ:' to becarbollAtid s 6leO p'tllPlild
inw tb!) il oMmbel' by tho ao'UOI1 til 1:he smme pllltcn-J'~d. fhQ watGlI' anton!

th. <yyUndol' of ciipninge 8&& tbl'ousith .. 1l:l.1ler 1ntol'101' cylindel' plol'Oe"by *
efilat nuinbeit of .,0'13 :llloll11 bole.. Ihe ".tell wns tilu, .prayed throush the ooqu-
pvollBod (Qae. 1Mldwas t:leleforre IlllOst aava.ll~.Im™" Mopolled for quto~1y abllol'b-

l.rJe the g B' 1n fact thEl6beorpUon ruf la.llUtMeone. The eatixiMtod ~WIl.tel' NI..
flowed to a balAmM resctvol.r 'libloh Opl'ltated to 00.11bft the 8Uplll¥of BI'llbt

tel' 01' both. 11' necesiml'Y. to maintatn .. proper pnlllllU'll am ¢ oonst$nt llu,ppiy
fwthe bottltna  tlibleo wtth 1Iblill Ufill  connectea.  'L'htllt tM INAChinlll
tQlltitto  an4 oontlnllouQ working til Us operation. 'rhe auoOOllliattetl41rllt the "SO
of thi. plJIIR.ndtiCed tho O~ flo puit 1n h.lilhllargel’  1lOh.1neo. 14 the mwil
80rt flit thob blIIIUIGstLmroalled. Aea rolllllt of tlle ~I'llilMell in the operation
of .. apparatus 4oaol'lbe4 in tMe put of tlh$ 1I8P81'. lever$! elSGht 1llOd1tlcatiolll!
MIS.("htbe |16 1t mvf 01101kre to b e<lli1IttN4ted, bO.t :tll f&.r to obser e that in
pl'!IOtloal wol'king the results Mve boon on tbe 1llhol.ve'tl ~tl.ft\otor,y.

fill) 11/1"1tel'lrlahee to 1I0knOlfledge t1ID COIU"tss;yof th$ JlI,I\.n1ltodlinel'lll
tal' Com,llaDTn aSlllent~ to tbS publioation  of MIfifJV llote.Ue ~t(\1nlllo to tM
w.coeslIfl11 op.:lraitlon of thill btl.lusa.



"~IIImAL"IWIUOtI IIPAIUGot'tmMIM.Jm €d. ~IGmAL" _1WJ11J!()tJ J'AL'S DIiY
amES AtS ore botU4d fl'o~ .sn4 un!lll1I1I1I1tTfA. tho tooti hUla Cit the

Roald eee

QI's&t dOI3Gs hOod 0\101'17glu'e:LtM apdlIB-to pro8ert.  Intaot thelr
natlU'&l 6\l wh1QhdCe. tate the vOrl' bGttll, that 'b2I~Q tIh\18 I'.tretlh~

be\lel'a,"Oto IOu..-

1t. 11 sid We wlU ooe tlhat 1ou uotupplled at oneefrail ~
nearest (l.ealel'.-

~~F~ - ~ ~ « 2910

S041U1110bloJ'Ide ' . —— o o o 1.244
OtaIdQI'I ERRREE  asmnn mamam L] ’ — T as smmmaas i~S6'I
04S. “Su.lJ'bate: UL e Lo - " 506
s041 CP—I1lI'.—~ T I T : . ST
J,ltlh . o o0 —-l—-.. _.—- , (IXIXITX] 8.6&|1
caplffl " _ ~ i
' o - ' .005
Hﬂox"fe. S ee e 0o e e e . 015
811|0a ".""it, e ™ < o .. AT . " v ﬂ)
Tot&1 § . 21.984
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