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(b) Z011P of <ll'gillizlttion: n h.\Tolik glass is changed to montmorillonitic cl:tyJ':. 
PlagiocIase cry~tals arc RometiJl1c~ 111 Htltcrecl but are sometimes replaced bv calcitc'. 

(c) Zone of zcolitizuLion: Tlli .· is' snpcrimposcd on thc Z0110 of m'gilliz,ttiol1 
and is subcli"itlcd into 1111 upper <1,11([ .~ lowcr zone. In the uppcr zonc the iimc-soda 
zeolite "ptilolite", structurally illdi"Li Ilguisha bIo from mordcnitc, is charactel'i:-:t ie. 
and fills vcsicJc~ in pumicc. In ~ome cascs it is associated with minor hOlllitnditc. 
Plagioclasc phonocrysts n.rc pmctically unaltered. In the lowor zcolito zonc 
wairakitc (calcium analcillle) l'cpll1Ces anclesine and also fills veins and cavities hy 
direct erystallization from solution. . 

Laumontitc h;1s subsequel\t,l.v bCC'll found by STEINER (personal eommllnicatiC1ll) 
in a Z011e ueLm't'1l I't.ilolito a,I\([ " 'nirakiLo at a depth betweon 500 and 1)00 ft \\'hel'(' 
tempcratures l'HlIgil1!!; from 1 !l:-, L') :!:,W°C have been measurcd. It 11<ts also b(,(,11 
found at grcaLer cJt'pt.lt In'low the waimkito zone in a decp drill-holo whorc a rCVl'rs:t1 
of tho telllperatlll'C' gr;uli"I,L itjlpt';~r" to ooent'. 

(d) Feldspnt.ltizaLioll :I.onC': An upper Ruuzone is charactcrizcd by albitizatioll. 
and a 10\\'01' Ollt' b)T ;tt!ll!:tl'il1 I'l'Jlll~eillg pla.giocln.se . Secondn.l'Y sphenc (t.iht110-
morphitc) is selLt.t('l'cd t.hrough j·he l'Oeks and in bore no. 11 aduJaria and RJlhcll(, 
are accompuincd by prclmik through a short vertical range. Calcite is localJ.,· 
prccipitatcd, Itnc1 tlte allcmtiul1 of plngiocll1SC to calcitc and n.lbite was obse1'\'c<1. 

(e) Zone of h:vdromicit: in Lhi:-: Will', which exists below about 2000 ft, primn.r.,· 
plagioclase is replD,ced by n. hy(ll'Olllieit as a result of leaching of alkalis by carbon 
dioxide solutions enterillg thc 7.onc from below. 

Thc concent.mtions of sodiull1, pota.ssium and calcium in the waters collected 
from bores at various depths (:E:LTJrs and VVILSON, 1955; ELLIS, 1 D(8) correlate 
vcry wcll with this sC'luPllCO of altorH,t.ion. The hot solutions in the dccpest 7.0J1CS 
tapped have a· high concC'ntration of potassium, which is progresRiYcly lowcrcd by 
the formatioll of n.dularilt frolll 01(; original plagioclase. Thc concentratiol1f; of 
sodium and enloi U III al'c i I1cr('asc<i correspondingly until in the zonc of zeolite 
formation SOll1(' of thesc iOIlR itl'C' agai ll precipitated. J3y this Rtage thc atomic 
ratios Na/I" and CLt/K ltlwe ill(·I'(·:t>'.,([ from about nand 0·06 in the hydromicit 
zone, to 2(1 and 0·] fi, l'cspecLi n'I.". 'I'hc pervading solutions n.l'e approximat.e!." 
0 ·05 N in SOtliUlIl (·hlori,· ... saLllrat('(l wiLl! siliclt, and their pH is contt'ollcd by the 
uicaruonn.k-carIWll dioxide sys!.t'tU. Under pl'Cl-iSUre decp wiLhin the arc:t the 
wl1ters conLain sllfliciclIt. carbon diuxide to mako jihem slightly acil l with rcspect 
to ]lltrc wat.er ,tt thc sall1l' Lcmpcntttll·o. e.g. at 2t.lO°C, pH = i)·0 (approx.) al1d for 
pure water pH = :' ,7 (n,ppl'ox.). i\t.lo\\'cr prcssurcs towm'ds t;ll(' stIl'fnce t,11C' carbon 
dioxide is lost from sollltioll alld th(' \mtcrs uecomc slightly a.lIm:il1c with bicarbon­
ate . 

3.2.2 . Ot7tf'r act-ivf' tlir'oJl,a/ '/1'1118. The rccent recognition of wn.irn,kitC' from 
Tho Gc),sC'l'S, Cnlii'ol'llia (!-i'I'I-:1\ "::L 1 !I:'''J 1l1:t.V be noted. 

Some daLa from (hill ('()re~ I'rCllll ! ' 11' Pppcr Ba.sin, Yellowstonc ~n.tionlll Park 
(F]~XNER, lD:~(i) a,re inclllded ill '\';;1,1, I. Thc introduction of potaRh feldspltr ill 
the lowcr le\'els js 1101c\\'()rth.\' .. 1;; :1', \\·airn.kei. 

\VEED (1!)(J()) describl'(L;1 elos(' :l ,~:-:() ciation of quartz, stilbitc, cn.jcitc anc1a litLle 
opal in veins from which the l)oul(lcl' hot springs, :Montana, now iSRllO at tcmpcr'k 
tnrcs up to 73°(' . Similarly tile Hunters hot spri'lgs (Wmm, HIO+) containil 'g 
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