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iron 01'0 and 1'11,1'0 psoud"" ",r 01, I' "'ll ,,' :'". , Id .. ", ... laR(' shows Ininor <thc·ration to 
feathery wir;ps and films or I h,· " .. ,,, .. ~""; ,,,1"1'111 iOIl ,» 111 '11'(' ndvl1ncocl in a slight,ly crushcd 
o.northusitic Bogl'('gltLion, Ill). !I:.II. rI'''''' Ill, "'Il'H' .11',,:1. ha"illg bytowniLo AIlN] os its mujor 
primary phaso. lt iFi riddl" d 1\1111 11,·. '1-, .. "I' 111""'''''1111" \\'I,i('h 111'0 (,Rp('cinlly a!>undunL Ileal' 
irregular eriHs-cl'osRing l)llllds .. I' ;dll''',~1 1"'1'" "',,Iil,'. I'nllll \\ hic:h illll1lJl1<'J'ahl() ollgul,tr pmlmy­
mcn!'s ('xLond into thll f,·ld sl"'1'. 1;"" "' 11,· · 1<1·. ,' ('I\lsl,'I'~ ill' pl"'hnito 11,1'0 oflt'n (,1H'loH('d within 
I,ho tlHllnt-lOniLo and t.II(·)'o Ill',' 11 IH. " 1' •. \\ ' I ",..·.It I" "I' .1' , "I "' I,,, "-gI'OllP lllillllnd, (:hhll'il.ic filmll 
Itnd tnW('H 0[' Ot.IUll· '.lIolit" " . \ 111',,11.10 1'1'1'1'"..ti" . 11"1 ,,·,·,, ,,, ... h II<{ Cl J·r,~7, ),l·r,:IS illdicltt.o 
.J.1'llllinolls In/,lllh('!'H Ill' LIII' 11'''"'" '''"1'' H"I'i,'''' (I I,·: \" 1!l:I:!II. I'. 7!l). '1'0 It fin;(, appl'o"im'Ltion, 
R1IC:h alt.ol'nt.ion or (,ILI"ic: 1>.V'''\\II,,," 10 1I'"'''''"l1il,' I'"'' I .. , !'I',:':lIl'd,'cl IlH " Hilllplc) ltydl'lLLill" III 
CaAI 2Ni}\.2 •. 111 ~o. III I hI' 1l,",,1 "1'11,,1 ... .1 ]'(1\'kl< plagi, ",111 " " i" (,IIIn]>I(,t ,'Iy rOJll, wed hy t,holllsonito 
with llOHLIl 0[' pr01\1) i Lo, III i Illll' 1.11 III lOll I i 1 C' ",,,d I i"y v"i.d,·I" Ill' Hlli(\ontifiocl fiI)l'OllH zcol ito. 'I'hol'o 
iR m1l011 rc'lict; Hllgit.o, HIlIIHl II IIl'ldd"IIc1, ' ""d ('Id'll'it i(' "HlI,'rill\. 

AnOi,hol' hypon.t,lwll(l gnl,J,i't '. iiX X. rrUII! ~H ('''"ill'' c\(JII'iU;t,]'('am from ]'yramicl Hl'idgo, 
I:Iholl'6 la1l1'1LuOl'ilo AII.1! IHli -\ " III1'd ,11111 1':11'1 illllr 1"'1,1"1,,·11 hy UlOllll:lonito, pools antllLLlot' voinA 
of lUmlcimo, minor hLlllnon t.d, · :111.1 II!!I·, .. "i,lllal Ill'"t" "I' jll'l.lmit(1 wit.hin t.ho I , JlOmR()Jlil~' . JII 
Homo 1"9~ocintcd n1('lngl~hlll'\l'; i',,1dHI':II' h"s hr,'n ('IlIl1pl,'I" ly ,knt]'oy('cl. Tho (,1Ll'li('I' 1~lln1eimo 

if! ponnt,ratod by Ilc'oult'H of 1,Il!lllIHlllliLO alld iti likl' l,v to Ilm'\l OOOXiHtod in oqnilibrillll1 wit.h it,. 
Tho lumleimo 11l'CHull1l~bly l'('PI'''HI'liI,'; OXCC'SH "odi'llll 0""1' tlmt, t'Llwn 11]) by t,lIo tllllmHonilo. 
l1opJacol1wnt of t.ho IL1IJiLO (:"nIIHlIH 'lI t, 0(' I'lngill('I""" 1).1' IIl111luimo wOlllc[ J'Ofndt in 1110 l'(11(,ILHIJ 
of l:Iilicn.. A HllllLll n.monnt of' t,h iH (,(Hild Iw tllk"1\ "I' h.I' ,"l incl' tlHO in Lho ::;i : AI ratio of t.hlJ 
tholllHonito and it, iH tompt,ing 1.0 ('onnid,,1' t.11II1, t 1,,' l'I ' llIailling OXCOHI:I silielL hllfl eauBcd Lilo 
formation of' I.ho mOl'O l:IiliclL-ric'h )'.1'IIlitc" In'"""I1I,it<'. 

A Htill \to",; lH\sio (1 i ff('J'('nt illt P, I :iH 1, illl up:Li.i t ('-I H'1l1'i Ilg hol'll hlel1<1o hYl)OrHt,lil'l1o g'LhbI'o 
from about 2~ miles NE of Utmlla lInll hns AnaG ['01' it,.; 1'1lLgioo\tLAO and I:IlIows incipiont a\t('I·ILt.ion 
to lallmolltit.o. Anot.IIN' Rlw('ilIll'll, lr,H,I, which IT\I1Y illit.inlly havo boon J'ILLhcr Himiln.l', hits 
Imd its calcifllroml plngioc:II1I'" (',"npld(lly 1'(']1101"',1 hy Itlhit(', II\umontiLo anti prolmito_ ThcHo 
roclu; al'o aHHoci'Ltod wit,]1 hllmh], '"<I,, Hllc\ pY"II"""" 1I11(1I'Hillitl'H, ILR wcll ItK Idhit,iU'H (o.g. lr,S7) 
voill('(llmcll'idd1c'(l wit,ll IIIIIIIlllllt.it,·. Pl'IlIIIIII.('. and "pidlll,', HIIggOHLillg 1,IULt t,hoy \\'1 '1'0 I)I'odllc()d 
by 1,110 ILII,oJ'tLtioll (lf ILndl'K illill 'H or oligoc'llI<{it,(lH 1111<11'1' ('n IHli LioIlK t,I'ILnHit.iOlHLI IHltW("'1I t.hn 
zool i [.0 flL()il'H ILII([ 1.110 gl'C'llllHl'h iHI, f,u:ic'H. III Homo (:IlHI'H 11,0 ]1l'Ohn i 1,0 n]1plllLI'H 1.0 bo J'(ll'ltwing 
OIwlioL' ImllnonLit,o. 

Tho OLlLnm alhito nlierogl'<lllitl's, IIo)'ubl!'II(I(, miC:l'ogl'lLllitl'H uncI gl'lLl10phYl'CH ,LI'O 1'0 111 ILl'imbl 0 
for n OILt'-llllivonml signli of' "III:"'lml iH, r,ll' Lho ltnil'nl'lllly 1HlI'oly lLlbitic pltLgioelu.Ho which iH 
UHUlLlly Flom()wlmt cloudy I1lld (I"I'k"I[ wil,\l HOl'icil.lI, ['01' I,hoir libnml sprinkling ILlltl vt,jlling 
o.long Cl'11Hh-banur; wiLh lll,,'lnlitl'. "I,ic\llt.c< Illlll in HOIllO OItHI'H pumpollyiLo u.ntl for t,ho ]llLueiLy 
of potl1.Ah folclflpar. Chlorit it: lnill"mh. ILnd H('('onrlm'y H1'1l('no Itro widcRpl'oad. Zcoliti;>;ILLion 
is raro both ill theso IIn(l ill t,ho all,it.c:-humblllnd,,- np idni.('-Hphono hot'nfolRofl, ILnd oxeopt, for 
a lato voin of IlLilbiLo (D72S) and IIn ()(·C.lITC'nCO of Hllu1"imo in Lt myloniLo (0683) tho only zeolito 
noted BO far in theso qu!\riz-b('nrillg l'o(·kR iK lu.utnonl.ito. In ono caso (074]) this appears io 
bo in tho pl'OCCSS of J'Oplll c(, lll('n L by PllllllwllyillJ 1111(1 pl'ohnite. 

Tho usual mineral llRRC'mhlagl' in I hI' tillhol'llff'lsc'd lWI'!1tophyt'ic and spilitic volci\nics is 
albitc-cpidoto-chlol'ito-flpllt'Ilf'(-(llllu·t )'.). In ot h('r cnscs pumpollyit.o (0736), or pl'chnite an<.l 
pumpollyito (0734), largely \ .I~ko the placo of opidote. 

Summarizing the above obscrvations on the Otama rocks it may tentatively be 
concluded: 

(1) At some time snb:,;cqncnt to con solida.tion , the Complex was subjected to 
regional cataclasis and alteration undcr conditions ranging from those of ' 
thc zeolite to thc grecnschist facics, qual'tz-albite-epidotc-chlol'ite-sphene 
assemblagcs being typical of the la.tter. 

(2a) Calciferous pln.giocla,!-;e in the microgranites, hornfelses and spilitic 
volcl1nics was replaced by a.s::;emblages of albite plus prehnite, pumpellyitc 
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