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f l ~ ' i g,, t•n1- i:>,lP j!l<, l ~ It ' ,, ' l ' ' , ' l j ' ['1 ~ ! \ I>; :n 

!L:i<hh!t,· (t dj ( 
' ~du, ' ,n d ( !q.,,U \,·II i'n.,(.> 

,JLili<m nuyrn;; durnhn. il\l'f intc'!\;d" 

Pi ltfll<C li!Ui'll\)! l<> ]!)() •, k:L \\d!idli! dll lh'i'l'ldie'.J 

c:JidvLr l••IIWO:J c'\t'lll \\'hc"Tc' thi' 11.' 't\k 
h:h bn•n r\·c·uglllt;·d :n ('""' \;'>k,lllh' 11\'ld. C \ 
dt;;,·on c.' I ;t!, l 'IX i J awl thv In· C~c·d, 

\lngollo11 li:ml ,,,k;llliv iidd. NM i!)ullll'ld ;md du 

H'LH~!na ~.·lLHHhcr rn:1~ iLi\ t h"·~~-rt \cnh:d d~nnr Lndh 

bti< >1\' IT c'ntpl11>11 u•uhl Pt<U1. 

I lie !k:11h:ad Rh1 olt:c· .:wd l'nalt;~ lui! \kmh•t 
l·rnmth,· Jcflk'/ \' >ic d!llr; 11\.'ld. Nl\L rcprc,cnh :Hh1thcl 

nl tilh >~~ lc \1nch nf liw lk:1rhc,,d 
Rll\••l1k .111d 1\:ral!a luH app:o\'lltlv \\a;, ;krl\\.'tl 

trn~u a lil:l~lH:t chamhc1 'imilar to lhv 
'I!\.' nl t h• hc.' \\ luvll !ilk' I the· !bndt'l ic·r 
f ulh am! ;p," •c. i;Hnl Tnkdoi\';Jllc, c';ddn.;<. ;tl 1.6 

.wd 1.2 \b \hH nl !l~t• Ht\lrfwad Rll,>tdik w;p. 

~~HI ka 111kn:.!. ;mel d;d nnt 

I .ike· I he: ( '""' 
Rlnolill' 

b\ LHJih wl.ilnf ln 

iliv 1\tr.• ( i<.anck I IlL 

t•• \m,tl!·"c:tk. dui1itiUIHh •:iithl\t' cnq•til'll' 

}·/ 

Jemez volcamcilebJ 

Terliary ,Quaternary n't· t.r: 
"Sednnents & Precarnbr Jan rocks 

TVC Toledo and Valles Calde-ras 

k><> ( id1 I !rlf,''tl!c L' ~ Ot;'! '>J,L_,pn, i1cld 
Ltl(' 

1!1,· prc,l'lllc' ••I .1 !arc,,:, <J:!li< 
,,dH·h- nL1r1na ~..-hanthvr 

,,,J, ,IJll'd!l I hut'' nl<'f\' ,:,'tnllnPn tiLl!\ rc·:d 1/t'd j,,:,·dlht: 

-....fhcit dorn.,_~ ht"ld, aL' ~~nt dh\ H,'·Ld~·d to ,t "'-llhdC 

chaml~c·r :1.• ;m· c:!ltk'r.h and ;p-.ll !low 

knd nz''A l!l,i,t:hl 

,;\tdutioll ••l 

liwt the 

and ,)f 1111, ,,, '!\ k m:l\ 

nH'-t nnd~,•r"-j.Lutdin_~ du: rvn~:~,i-_,_ ~n1d 

\nl!illll'> n1 'II Kit ma)!ma Ow d;~t., 

ol \ c·k'<t111'm 111 ltw 

dndopm,•ni oi the kmtt \ nlcum. hdd tlllkr' \!urn 

Hw bta v;ddcra-!ixmlny c1uptnHh of the ltmdc:lic:r 
1'111! and !llth ma;, h;l\l' lli!J>ortant lor !IW 

T!w .kma \okani•: !idd 1,, ln,·ah:d at Hh~ 111\d~<'V· 
linn ol !he' Jc"JHC/ ! .lllt'<~rllt'!lt and Rw ( lwndc ritt m 

Jh<rth<vnnal Nc\\ !\k\ll'" ( ! !. The Jt:I!K'/ I.Jilt.':t· 



rr::t<J.ktVai~p:~ 

Caldera 

l! 

t.rn 

!hal n·:1d1c> !rom '-l>llthc.;~l AriiOJJ:.IIH twrthe;p;t Nn\ 
1\k\i(•> tSollth :md Badn 196X; Aldrkh. !llX(•I. The 

gu, ( itdndc nl1uHnprht'' d .,,·rt<> of cn-cdtd<>n "'til· 
llh'nL!r\ h.1~.n1" th,d <,'\h'lhi 1!~rnu~!h l P.dt.~nldh' 

dL! alld f'!l't\1JrihtLW h:~>CHh'lil i [)<Wit 

vt ,,: !'IllS. \Hrt<lL i'~Xhl rhc• .kmc•; \nk;m:, 1idd 

1!,·, PO the '\\c'··k!ll iLnil-. d te'l<' >1 .. : Bihlll ;Hhil' 

c'lll h\ tlh.· { :tltnL.: d,· < '''.'hill :111d Papn!n Lnllt !UJh''· 

th" ,,,·,t-hilllldim.: tauh·- •tl tlw 
li. 

\ nkdlllt' !I\ ll\ 111 ilL' kmo \t>ic';IIJic lit'ld 

;~n.nnd Jt,_:' \Ll:<r:n·dna:md(,.,tJ. t()Xli.H'J c-P~Ittn

llc'd ''' "' f>(J 1.::: 1 Wnltt and ( i:udnv1, I 'N.'i: 
k,:l!<'.!ll c·! ;d. t'YJh). h.t.'!\'">! 1.<<k,11ll•!ll <}(tllf!t'd 

bt'!\1 II il <~t•,l f1 \!.t .1·, d <I'll''- nf h.l\;:lt !Ill, 

,JI Jl;t ',J ilv ,·rup!ldtl' in the· '"uthnn !'• <1\il>ll 

PI nw \Ilk ,ltllc' lh'ld. I l'ille··. "' C\h'!Hnn till' 

f<:c> !HdtHk rift iHHll I; tP .' \L, ,·,nth.'ltk \\tth !lw 

• 

Espanola 
Basin 

F·a:ill{bJI" 
:):)1ll<1hr•::-wn 
::L=J-5,h whe:e :n~~:-'rf:<:J 

;mdo-1 k, l>e.:n;a~<:d c \tc-n,.inn ;m Hllhi s .\Lt led In a 
h:,rtu' 1!1 nLtlk and intermcdiak \<>il'Jm\m t.-\ldnch. 
I'IX6. Sl'llt·t ;;L, J•)}\f>: (ianhwt an.! (;u!f. 1'1\.~t fhc 

!h.'adH.';td Hh1,<>lik and 1·\•r,dr., l of! '''''" cnq'•k,l 

1hz' '.U!llll0 PI Kc'l\'' { \ nk,lllhln 

\lnrc 1ha11 .'1110 km o! andt·,itc tbc·itl'. :md ;da-
nk ••·I· the P~>hadc·fii ( \\tiC hc't\lt't'!l (>. 11 

and 2 ' \1:! tCiard.:wt cl a! . I ')hh: t i"ft ~.·1 aL. J<,lS'JL 
The.· ,·;uh· "l<~)l.t"' (l! 1nkanhm m the nn11l1 ;md 11uHh· 
c',hl ,·wnc·idcd 11 ith the I ina! 'tn)ll'\ nf Kcre" ( 

\ nk,mi"m w lilt' ,,out!l. i\U in~.-r,·a,,· in l'\h'll\hl!l 

dl<Htnd l ; \1;; "·''' "' the: 
ll:haih •d (\'!Til'- dd Ri<'. H J\lh>. ;md S;mt;\ .-\nna 

\k ,, i l>uu J..cr ct ;d . !4191 i 

fhe'l' h,h;dtic nupti<Hh V.l'!'l' !ulhmt:d h\ dt\o!ilic 
\ ,,kani'm 11i the• ·r,•v.:J Ciruup Jr,lm I .X'> 1vb I~> 1>0 l:1 

il!dl <l!h.l \ lbrad•n i.-h. ! 11'1-t Hcncau L'1 a!.. I 'ri(l: 

c'! aL l J)ll(q .·\t I .ll! and 1.2 2 1\ la Hw l.,t_!C,. · 

<<Jk !Ltn<kli<cf luff eruptHHb { 700 km · tnt all 
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Tent 

T 
1uff of 

T>Jf~ of !O'.Ve"' 
P0-rana Car:.yor: 

+ I);Jtoo t1y tr'% study 

11r Dato<J Mcintosh 
arnj 1 1 99~) 1 

tk r,d,·dll ;}nil \;Ilk~ c;dtk!d\ lll\11 tilt' 

!_."l'!lh'r l'd t!1~· L:UlC! \~)Lank- th:ld_ 

J. On·n it'" nl' tlw Bmrlwad l\hyolih· and Pt•mlta 
'lull' 

ikli!Wd !\\ ~IIlith Cl .d i J'l;lil ;h ;! \<:Ill'\ pj dilith:\, 

Cll!Hj'''"'dc' d"ill'-''· Jill.! lL>\1\. • ilk lk.n 
fi•,';td I •lite' Jt;~··, f>l'\'H 

I '"rdnc·1 ' I ; .uHI ( ioiT vt al 

FJn,•hk I' hY:~kd 1n the 'nuthvd'L·rn ;m;t~<>n <>l tlw 
k111l'/ cniL;!I11c' livid. ,ti!d c'\lc'nd. ;ll'Hh\ d!l •100 km, 

JlCI "\c'I'IL'\ "' 2f• chHl1C\, Cd1Hpthltc' dnnw'. !lt~\\ '· 
·-.h;11ln\1 m1nht.>1h I I ;md ::, !he· 1\·r:llta 

Tutl \kmhn rc•prnc~Ph the t'IUfl!l\l' 

of Bc\11hc·ad nlitc· ib.11 ,.,,n,l·;t\ ul ·<n:dl 
'••lumv jl\ rnt·la-sic· tall and IV\\o!lc·d ( 

.u1d Snuth r 19'1() 1 wnrkcd ntH .m inh,rm;d 
PI ;I l(l() m .,,'dHHl nfthc' Pn;dta Tun in \h..: '-<'lllhcm 

f'<~ll ••t !he• IL'Id dl\';; nn 1\IHdl rh···· h;t,z•.! th 

\lr <~h'.L:c Tlw Hc•arlw:HI Rlh Ill tit' ;wd l'vr;du 

* 

* 

• Ot!;'C>S!l~ 
Pyr:JC)3Sh:: surg0 
U·PpQ>.;;it~;. 

T\>\1102 
1VIiM1 * 

1 P1 + 
? P1 

lrltl rcprc•,.;nt dlt' tio;d \f<l)>-'' nl \dkic· \ uk;mi•.rn 111 

!tv K<·rc' ( irnop ;h cedi ;h tlr<· !.hi 

\<lk;HW·<~11 hvhnc· <1 .: .\lu hr;;tll\ !hr. 
kmc't \<'k:om: ft('ld 

rill' dnmc•l)cJ.! itt'\ al11Jc• Hih'f\c'Clldfl <11 !he ( ;HL!di! 

zk ( 'n,·ltih ttnlhc· \H''ll and II" 11<> !he· .,,lfllflc',h11 

L:llil h>fk'' 1 2 l \in:;! !;mlh lli tl~t· 

{ .m:Hh ck ( "•,>Lhili Lwll/Plh: !!:.\\•:" duwn·h•·lf"'·c':~•l 

•<'11\\' ol ,[j,pLu:t'!llc'lli \\cHh 

Carbtb tk (',.dlHi lault /t>llc' h thc 

Kc'l\''- ( \ulctni'm l'c'c':llhc' 

hllllh ;tnd thid.c•n h• 

liw c:hl <>cTil" the bull /tl11.C iCardnc'L ! <)1{''>), The 

Bc·arhc~ad Rfnolill· j., l'<lfllmon!y intnhkd 

:h'''t' l;m!t' and i-. hll:al!) n11 hy imdh ((;, Smith. 
,·,HmmmicationL ThL' 1\l_lar'Jtn Lwll /tHW ;., 

dmr:H:!cntvd 
lhlnl);ll Ln:lh ~'! aL ! <~70. 

Gnlotllhd.:. !981 L Gardner ( I'>BSl lfwl 
thi' 't'):tllCnt ot the butt tone bc·c.unc ac!!H' an>uml 
:' \b. imp!yin~: l!ut !he \\T\lt'm <'l the 

I ILhm .. !ut!cd lrom tile Cai~:ttLt t.k ( ••dlltt 

LHilt ;un,· 1<• lfh· P<~i;mrn t<wlt t<•t.h' .HtlliJLlil .'i \Ia 
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Sample: NHC 
Wt Me<4r: "G 51 
Std Dev "0 03 
f1 ',' 0 

() 54 

Age (Ma) 

hn.· ah<' \Lmk1, llJ7fl. !97<1; Gohnn!wL i'Ji\1 1\ii(\; 

( domhck <'I .d , !'lX3 L Thh •,luft w Llllltmj.' ,·,Hn· 
vidt•·, 11 Hh t!w 1\. I ,'l(, \Ia hHirnthL'tm~.d .t!tcJ.:lwn 
c'\ <.'Ill ;n t!w ( ·d, h1ti 

;HI• I ( ;,.tL PJX'l 1 1 I 11; .' 1. 

(·,,,.·1\iil <~lld f\q.tfli<< li1U!t /OIL'' 1\''liJh•d in fc.'dditk~df 
brdt bl<h'b tlldl undnll<?lit dilldl'll!~:tl ,u["i•kn•.·c· 
d1n 111.12 l;~k \l'"'··,:nc dnlllili\ \uk~un:,m tSn111l1 and 
f...tddv. 111'./Si Hk Bc>:llilc<nl B;I>JIL <'>llc' UllhL'>t' >,Uihi· 

,;,:,kc' k.;11H•.''· h .1 '•"-''1 Hl! •. ·d ha>m tl1;t! au:umn!aL'd 
;!f lc;·.l '.'ll(l ill ()j i,ll d. wlf. :mel ci>C\ .d \;ok,uudd,llt 

Sampfe: 31B 
1\M Mean 01 

Dev (l 01 

Sample: 31B 
Mean" 6 

f~,~~~~~!~:n
3;: ~~~1~ 

St{1 Dev :-:-: 02 t 

jn ·' ' ' 

() 54 58 62 

Age(Ma) 

8 

Kuhk, 11i\lXJ ,\;,a l'l'>!ilt. !l\<hl ulthc· Pt·ra!t;, 'lnli h 

prc,,·n cd in the lk:idwad lb·-m 

"'· :\nal.' tkal methnds 

Sn crJ! hi hl),!!<tnh nf rod \\'l'f'(' <.:ol kl'lt'd a! <::h:h ',f 
.'1• donK' :md linn tlnw" llhlJ'fWd il\ lkartw••d Rh>o· 
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ll'Ltll\c' tn tiw Pvralu lui! I 11!' 

the (',":hili l•••nuli••n \dlllplv .,u,c;~c'f'- rh,.t 
{ 'f· tt.'PL'"-~.'!H"' .l j)\l~h. L~· ... ta: 

'>dllc'h ['>!11d\lu'd ( cTIHil YdP i 

ol llt<· c'nl!'l k•n 

·' L 

l11c ;wd all Pna!l:: lull ,;~mpk>. arc n::marhahl; simi· 
hr •n tllc·u and tran~ cknwnt comp'"!tiPrl\ k.F. 
l~>\1 Th :tnd Hn 1 s 1 <tmi prtmJ,~mphy Thew 

ddnw :1 c·uh?I\'Of proup Pn RFf· 1 

• 1. Hcmc·nh "hidt :HL' tvp!ca!l\ vPmpatihk 
•>r tlh• 111 ;h;u:itiL' ,,·stdn;. 'uch "''!.a, C,> 

ll pq 

~ l lh 

.; II 

T\\ M l :tml ; 
\;Ji'JdlHl!l IIU!ll 

Or,":\h,,,,.\o 1• i\n addi!l•m.t! ckdrnn 
ILt\a;,;.• acT<l'-' a >.:midtnc ft.,m l'n;du 
TtJIT sample CC.\ rcwals an initial inn,';N' in N:r ( l 
and ckac;hc m K:O frum cnrc l<' rim tOr,.··\h 1,\n 1 

Or,,r\h1"'\n1l fnlhtW<..'d '' ,·<~m[Hhttr,•n 'im\!;n rn 
TW!V!l ;md:::. 

!on microproht' wwly'c' o! ll1(ilh1Pil\ !n>111 

h•u; qu;1rt1 pht'nocr;.~h fwm l'n;IILt h111 

rncal ;h;1t i\tun Gn•up m:1~rn:t c'O!lLJinvd an 

,lh'1:Jf!c' of .\ .. 'l '.\!', H.O i1;1hk 6t ThL' 

!1;,, \\:tkl C:•'111L'Ill dun Ilk' <>lh<:r 

.J wr., ll 01 \\hilt• ~he' ll'mamdn 11! til<: 't'cl:nn 



rw~quVa!lo:s 

C,;.J\!e~a 

Peral:a Tuff Member 

t • 
5km 

I Jr ,; \Lp ~\: d~'drlk._j l\IH>iilL dt.JHh' tt,'!d ~kpl( rw;.: dk "!',!.>..~' ... Hld l!U~l' H.'LH1)n'<lnp 

\\ uh•h ,ll'll{Ld! !qf,\l,.J!J~':,'JtijlH«rs,,! Hc.~rhc~dUl·,~_,ll!( \Llp;di:..<\~l,Hh iJt{::'J>; 

lhv ,,·i~t'lnh'JI ''''"'h'lk \ ol !h,• \hun (l!<ntp .md 
drfk1\ lh'<'' n t<~ \HILT ;:roup' i 1'1:> :md X' 

'\!;!t'C'I ;h:H ll \\,h dd c•d lium :l dhWh'l 

m:')~il'·' l·r:tcltt~nal t'!hi.dli;awm tF'\Li ~>! 

"'"llll1i:ll!Pn H.~tli•'H:d di,Ull!;:ilnm 1:\H.'i trend-. 
t<tkuLHc,'d thtoy tiw nh•.n\Cd 

,' It c'lHh Ill \l.:m ( 

!''\!. :md ·\H · tl'!,'!hh tn the ]ld,Hn Gmup dn thll rc·prn· 

dtk'v '<JJHj''''Hl' Hl'- n! t!h' CL'HII•' Yvln. low-,tiKd 
ol1k. m gwup" 1hg SL I !J,:,c· rcb-

,U':')!<"-1 th:t1 dw "tlwr grnup' 

t•' o~'Ulf at 'ha!h'" c.:nhl<~l k\ vh 'tl\·h :h I· '\l 
ur A! C !'llhnnl'l'J5i daLt !lit \bin 

0 707~ 0 fi)l),{l lhat trend 

upper cm~t:d ~··'niP""~ 
tl<•ll' al t:nn,LIIH '·•·~,1,1 1 "~d \;ilth''- !'!tt> !h'Hd 

'll~JcC\h !lla! !IlL' Sr hoiU!lic o! the· 
\ Lun ( rdlc·vh I:!!L'-'t"~'' opper au,r;d ·~''''mih 
linn r!Hh, m tlw Haec dc'fl!L'l\1 , • •rnp< h!lH•It 

ul 1 h,· \ t,lll can he b:;. lr;,cHun;d 
n;,,lallv,\ltP•l of !ll:tf2!1l<• \\ith a ·,n~;dl 

.liii<Hl!ll ot tq>pc:r :tv,!lmbl!illl .dkl'lllt~~ lh Sr 

hd<'pic L:\!11\I'O'I t H m due 1u rd:!H '<.' h hm "'r 

:;httthbm,~~ w tk;uhc\td Rh:n!ik· mayma' rT.thk, -l 
.md :'iJ 

Tb: high of d•<:mk,,l •ll the 
\lain (!roup :tnil thL' ahility of a ~;XL or ,\H' mtllkl 

t" rd:tk Main -,ampks to each nt!wr 'ttl'."''''''· 
thL''" rhyPlites were derived from a '-<ingk m<~pm;t 

ch;nnhl'!' Di,rnhutinn nf Main Group dlli!H'' O\ ('r :1 

Hl h\ 20 km an: a\ 2! 'Ill!!'<''-I'' that 1iw nLtgrn;; 
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•.lumh·1 in>m w!ud1 I he· \<,t'- dcrn ,·.J w;h 

"' 'uh,Janll;d 'lie Tk• , ... \r/ ·.·\r "''"till 
v<>li,l!il!!h n upHnn <~I tih: \Lnn ( !<.>an :'+n ~,~ 

lfli<'l'•:tL " >Uf'>-.;1;111tl:d iilh'n:d l<•r tTU,t:tl J>i:l;.!llLl 

t. iHHH1\ r~~~ k ;1~ \\t•!! ,!, l.,tl!r\~,:>i,'U\t' ht.\d.l hh'-< !nqn 

1\\ l\\dilllht'IIIU! •\•.\<.Til> \\OiJid 1\.'"-!llllll c'l'\ \· 

::dli/d\1<>!1 ,,, ·< llld)2!1l:l dLW1hel'- :1' ih 

IO ~Ill ,ll;tlllCit'l w l\lil ka k ;: lbllkc,ll•lrth d 

Jl ~dOlt; rim'. lLh cruplllc' llHt.'l\:1! rvqlllft"· 

Jll :td.Ji1:11n:d lw.H ,our,·e •:ud'1 :" h:t'.dl~<-' m:t,ln::~ tn 

dH'<'C! c1 tckllc'l' ,,f ,u,·h a tw:.t "'lll'c't: it'· .tc 1\'n:r,,·. 
n1:div cnvb~t''J 11:!·· an! nb\c'rYcd 

dhz-rm:li ;;!kTIIIOll Pi fil\:b nl !he' Codlili 
\!i111m.,! )hfiicl 111 !he \.'(.'PIC! of th<.' lk<~rlt<·ad 
if, •mt· 11dd I . ~I h l.'\llhh!C!H \Vtih !h.! l'\i\lCHCt' (>f :J 

b: ,f\,\11<~\\ lllitL'1lFI ~.·h;~mhct dunn!:' cmp!!<>n u1 the 
\J. .. n ( lrnup · f ~~ '!) Wnldd!,d'!'ld and c;,,n 1 l1lS9t 

Pht:Hilnl K! \t dJk' ••n dllk t\IH.'h !rnrn 
s I h• "(,\b. \\ dh li)<hl d;r1c'' in tlw r<ml!t' ..r· 

f>) ... '.'J \h, z:nv\ al "nh tlw '' 'L'.'"'' of !leu 
h:.;d Rh)"ltlc 1'I The' L1t;:,· ;nc;d dt\!llhllth'n 

"~' tlli" lndrothL't m;ll ch'tll 1 h.c• 1h h u•tht,knt w!rlt 

1ht.: pr;..'"-A ... 'lh.t' ! "f ~t tt."..,.t.~f \ dtf fhU"·. tht' 

H!;1\ ila\::_· b~t~H :-..uniLH It! ~l/t' t<-t ThC' -...h(>JtcT h\:;,_'d 

nLnclLI dtamh·J·''i 
l'J\1f1!itHh Pi !ht' 

l'ulf lakr in the kmo vPkanh fll•kr, 

•,n,: vmptinn ur sdiv!c nuvmlh indud,·· 
u>mvnt n! the maj!ma, 

the m;;gma tSparb d aL 191M; Batday cl ;:1 .. 

\nlatik 

I Ill\' 11f 

I \196 l. 

•T .,lnwtuml ' t~l ;~ maj!nW dumhcr h; L1ulh. 

hm <hit.t• Tahk (>~ \U\!Io<:·'t tlul the \lllatdv 
"'!ltt'nl nl !ht• Pc·ra1u TtHl \1 ;h fn !hal nj 

-\ olumc 
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Bhh"P ! u!i 1 ll11:1h;u :md I kn lj.:. 'N.: \\.lila<,. <'I :d . 
t 'Fi'.l 1 'l'L'.c'•:,r :np 1 hal Bv.tdll'·~<! !1 Lt;!IL:• \\ .t' JJ• •i '• d.tl • 1, · 

p<h>J 1 IO>. !'he mk th:n :kumrpr,·v,!\>ll1.h• .. L'Ill tdk 

nr:l'. han· 111 ~,·pntr,;llmL~ thl' ",,J,tllir '-'"llk'nl , •I 
1hl· 1\l;un (iH•Up "<hli!udt I<> c'\,dl!.lf•' IL•V.\'\\.'1, fill.' 

bLI th.\1 dw ,J,,mc 11dd '>\ ,·rl~t·, t\1<. • l:wh /dill'' 1 ( ':1!1:1d:: 
de' ( ·, •vhiu and l':qmth 1 It l~<ti '-'en· ;~,·tn c' df'< •tmd the· !11 Ill' 

!lu! ;IJ,· lh\tdi<~iid ohtz· ''a.' cTI!fHc'd 1 I\ lanky. I iJ 't\. 

i'F9: ( ;,olnmb·.·k. IllS I. .19:-1.': (jpJ,•mhck .:t :d .. I!JS': 

( :anln;IL 19S ~ 1 t!l.Jk<'' rt dul tlid :1 

rnk Ill ftl<' dlll'>l'> nupt!<Hl :wd 'fliltl.ll di,llihllli<lll ul 
!k;~rl I<' IHI R lr' nilh' \ 1 •k :tl!hnt 

ThN,· .,r;· ;,, ,, ,;l!,.·ic· lll<l)C1lU 

,; lith: 1 , .. cmp .. 
fi•'ih :wd h;pc no\ c;Jkkr;, .. j',,mwlt: l'l'Up· 
lldih llw "lite••, PI ibc· C<"n lt•k<~llk l!cid. and 
t!h l,,dnr ('rrd. •dllv f!h' main nnpli> 
11! 1he inr~l: .. •.drcll lil\>•illt' ol CihO c'Oihl•·h c>! ;_: 

·,hvmr,·alh rvLI!c'd dPIIH'' n>l<.'flll,t: l.'\\1 kw that 
\\c'rcc '"•.'t <HI ~-W k:1 itHc·n;tl rB;tt'llll l'l :!1 ... 
l'l~ It '·"lllilc:.i't i't liw :-..1<'1'1';1 '\n ad:~ M<lllnl:llll\ It i' 

V>lilllall'.litl;!l till' i<•Ld l<lilllll!' n: the.' dtlllll' .:lid ll;m 
lli11t'i' lhlm \llllk n.ikm \lljl\!llcl:hllc' 

!lla~t·n;d \\ "' rnipl:'<l. I !,·L11kd ,tnwtur :~I 'llidtc\ <>I the 
IHc\1 .. din\\ ,·.j lLtc'<>l\ c'l .d I I 'IS I) tn tvblc' dh' <'lill'll 

l'l \\{ !he· ( ·,,p IP \\ c>t 111 li th\11.''1 

dmytnl ( \:ihl/ol,· c'\kll,itH1 ;,n;l ill ihf ;.,rca 
fhr Lnln1 ( 'rc:k 1!1 '\e\< \k\L'\1, 

Vilf\\1 'h <lf 20 IHich· ,j li, ·;1 <>I Hz' dPnll'' and ;h~(>· 

n;u,:d ['IP\l'i,hllc' H~t·J...., th:.! \l<.'fl' ''"''I 
son km tn · wo J.., dlhi \\ct\' mkTfHC.:lt:d ;1, hc.:111~: 

dc'll\ ul 1 l'llll\ 

'· <'lhCI'\ ,1! 11 ,·1 ~· l'>l i mated !hat !iw tn!;tl \ nhm'>t.' nf the• 
•,hnn,· and lhm lilllh h '\:'> hlll' while ·. -l'i km ·. nl 
p1 r.l! l.t\tic· nukrul 11 ;h cTUJ'It'd t Dnflidd :md 
[);d11 l'ii.HlJ. il '' k'·,, dear 1d11 tk Ltyl<>t 
('reek Rh~ ulih' m:tf'11U chamber did nn1 pt<1duc.: a 
, .ddc'!a· 1· •rmm:c hut hac. b,·,:n ;dlrihmed to 
<:lthn \t•Lntk p<>•T IIMV!ll<l (l)uitJdd and dtl Br:11. 

jl/ll\1, \\'d>.,ki and Dn!l1dd. jl)tJI!or ,;rudur;d \\'fll· 

1n:.: ul 111a~;n1<~ 1 DuHwld .md I I'J'Hl: 
I lnll;,;ld :md Rut/. 19'1:;' 

hnU'tditn~ tht' \\~'~k'tl! trldt'~U! nf ~ht~ ILt"-d!l 

'I11IL·d IH'Ill lik' ( ';uud,, ,!,· Cndtlfl l:llllf ll•IW 111 tliv 

!':qd!·il_, !;m!t !<~i!t' bvt\h'c'll 'i 1111d 1• \ b • 
l\l7h. !9~9 {!uiPntbc·k I<JSI. !<IS;, {;ohllnhd ,,t ~ti. 

I \.IX' J The '\L d!\ln\HH!"n • •f ~nmLn 
\bin <irnup dorlk'" !;<.\ h.S :wd 

h h \b 1 '\1!!0\''h \lut the bull /lll'h' IIJ.ll, 

h:nt• h:c•n artiH' c;;rlit~r t1un f1 1\ht 

de ( ·ndnlr faul! t<'nt' 'un.:c~tm~: rl1<11 the· i;mlt 11 •tw 
1\,h <~C!th' afln h \1d tGardtwL 19)\"i r. TJw ,iJifh m 
1 ,,k:mi·,m hdv. c·::n !he· 11 ,·,km tu the' c':t\knl porll<'ll 

nl the j;dd ;Hc'a m:1y '>il)!!!'''l tlL1f hnlh J.mlt /<HH'' 

"<'lc' 11 ith ;:<!dl Ill h~.T at \ ;;r 1<\U:· t1 i1 II'' 

I\ :t II 

8 ..f. Mu111 ( t/'1111/' .. 1· lack of ,;;co, h<'llll< o/ trn1d !rill! 
;fmc 

( "llite" of vokatl!c' wd,, 1\ c'\hihil 
f'lOt!l't''\1 I ,• in dwmiq11 >I nh tmw ••I 'tL1ti~ 

:•upluc f'<h!lHHL ·1 be,,· an.· nile' II 1 .h 

til<' c' l'llvc i'. "I dilL'I<'nllall\>11 

p11 'l'•'"''' ,flch :1' I rad lllll:d 11 \ ,t.dli!altull Ill 1 he 
'IIIHnk;;nl<· ill<Jf'lllil dumhn I k'f'lli' tlh' ,·!;,·nnc:tl 

;:nd ;;pp,n cnt ! ·\I / \I C trend·, 1n die' 

;; lad, t>l dhl!ild t.D<'Ili!t'al ll'l'P!i 

p•Ntiun \\itb1n fill' Pu;dta 

\\!Ill 1111\l' St:\t'Fli 

1<11 i!1h an· d(,,'lh:->l'd below, 

mapna chamber. \\ :th m: .• pna in 
J>:ol:ncd aTtd n uh 

.in!!h. l·rupwm' !rom mdc-pvndc'lli "''l"'Li' \\l'>lld 

T!m 11\<Hld j, 

( 

1111 dw1mcll '-'· i th illlll' 

mdt 

hec;nb<' lntlch uf dlt' \hm 
the hi~hl! fauill'd Bcarhc:.1d Ba,in 

The ma:.~ma d;arnhcr nw;. lwn· l'uJ an 
cmhcd b! up>H:Iling ol m;;gm;l l;wlh 

;md wih:rc> fm1ih ink·r~evL 
,\t~t:mati\dy. lbc 1\lain Uroup !li:l!!llU dwmhvr 

tnJ\ knc bc·en t:m11:d with of ;:,m;\IIPn 

ocnHT!Ill..' a-, the' rhamh,·r W<h upp~..·d PJ ;;, Ill'\\ 

l\l;!Jlllla \\d~· 1nw..:tcd lmm h:l(l\\ 

t~lup:!•ln·-, <~~uld 

lt'l'llch rill' 

pj the !k.ll'ih'iid 1<1!\,,!1(,· 



;u:H.:!nd (h;rn~h(~t -:r,f f~"\('f;,.t.·d·htth'd 

'"''·' q hnl ••I \ ,h, nutk t:lh l:i\ L'\, m.dk 

llt•n pfh'l'''' '' ,,t··' " til•· P"''t'tk't' ,,f ~<"'''tlwd 
tT\ -.,('.., i't(Jt 

iiJl' \,Ill h' !\'' iJli 

,\ n 11dl 

'' "' ckrn vel 11 t>l1l 

\L'p.lidk 

'<'fl<!Llit' IIEI,l:'i!l.l d11!lllhcT• h:plt' 

<.'l'l'llt• in the IP\HT d'tht 

ll<>\\ c'\ c'l, 1h;.· c'l\CHlh'dl oi \Lull ( 

nu~nw-, ;Ht_:llt'\ :.~g.tHhl lhb nwdcl II '"''nh un 
1lr.t ilw !\ l:11 n ( tkn ~t'd ! wm a · .. ,,;nv' Ill 

( 'hvn :t11d .\lc:;dtt• l'lX'l. Rudmd. and h>\li!Lnn. 
11!'1:'\l 

IJ. { 'ondu:.ions 

Arl"' ·\r 11):!'-' t.bU 'ugg,·q tlur minor ~Wl<>Hnh o1 

dh!lnd tbc·itic. lm\ ·\!lieu 
B,:;,rllc;td Rh:oiHc wa> 

..lm\ ami 'IL~l k:t. r'''llc'dl\ , bdol<' the 
tl11: lk:uhc:1d <•hk dlid !'n;lii<J luH 1 \lilin ( 

,•mptnm:, '"" ll!h.·d lh.· "''h''hllli i\h1in 
\ Hlp \\ ·" "' duun;: .1 :'i!O k;, Jn •111 

7,1)1> I•' (\, <, 2 \lit • >\ C!' IJ11 Jl'Cl \Hfllbl Ill \I IV tu the• 

\ '•nn;:rr 'I ''kdr •iY,dk, ,·;ddc.'fd ;dkr ;m 

B,·;uhc•,~c! Hinolrrv 1\lT<~ 
ftw clh:rmul 

m tlh~ ( 't•rnh• Ydn arv.1 

'fld 1:!1 dJ•,tuhuoun 
'I iO k!li L :uhl f'H · ··t'ih'c' '1\ m.>\~.>1 hnlrnl hu '""I 

,;. 'k'n1 '\\oleic( i:aht tc'l .:nd { i<>JL I'JS'l I dw mg ilh' 
IH1lc' nt \bm ( iroup 'uppnrt I lie h1 

th;ll !ftc''<,' ••Ilk'- 1\Lf\' dt'i'l\t'd i'r"m a 
,jullnl\ m<~)!lii:! c hamnc'l Th.: 5-!0 k;o c~mp!t\ v ink';
\ :d cklrLmd, tHp!tl "i hc-:11 t1l!P the '\ \h'm tl• nuin1:11n 

IlL· !karhc'.td Rh1 nlih' ma\2 n Ll dr:m1hn Thi' cnu!d 
h,t\ ,. h\:il p1u1 1dnl h: 
, h.unh.:1 1\ dh ,J!h'ic nwlh, or ha,al!ll.: 

Tile' \Obllk umknl ui the: BcariL\ld Rlnnltll' 11.1' 

II', hnlc'r than. !!w 

!Lrmk'l!cr ;md Bi>hnp TttlTs. !IW wdl-knnwn 
l'didvr:H,rn:mg vrupiH>!h T!llh, 11 r' m•t lih·h that 
lill' ,Lilli c'il!hiH' nalltl\' t>l lkarlwad Rhyulitt: 
t'lllj'1n'ih dl'l' tlw rt''U!t 11!' •obtlk ll\HH !1L!f:11HI The' 
,hvn ;lllnH !lu1 !k.H llt\lc.l R!n, 'ilk dnmt'> tend tn 

"'XIJr :rt rlw i llh'hn:t ion qj bu!h ;md :th' '"lltt'l i!l'lt'' 

lht•m,, hn nH h1 bulh 'm:;;t'·d' liut dw \ILtFnLi 

t\~"<t~f\i.lll \\.d\. l!1k'f \t'l!lt'd h\ 
l< I L·h' ,, 

;: c·,ddCLl·\< llllltilLc d upi!> •II 

:md Pc~;dLt l u1l lc'prt''·c'lil a 
'>I\ k "1 '>lirt'!L \'Pk:i!lhrl! thai fnli\ Jl•,' lihll\' C<>llH11\l11 

1h:r11 r\-:duut hcc;nhc dnmc tidth 
rdalcd ~;, :t 
, ;tkkr;,, .tnd <l,h 
ilf thh \T1lpl!\t' 

tile• 

\nilmh> nl ,,!Juc· ma;;nw, 
rz•pr't''t'rlh d '<I) k nt rhyolitic' \ok:lllhlll 

ilhiOI\ u! t!it? .kl1l\'/ \'ok:&lll~' tkld \\hlth d!llc•r, lrnr11 
1hv Lila ;;alckr.: lui !briiJdk•t 

TnH .111d thtl'< 

h•l thl' 

rill!> \\;1'• lun<k·d h\ nw lbrnd, l·c'!hm 

EPSCoR/WlSI: s,hubt'>hip. and Bnn;"b L ! rendr 
The DnL Rc'<H.'!l'l at the 

! 'nl\ cT·.n;. ot 1vlidHg;w prm 11kd 11\;.\,\. W DuH;,·Id 
p11>1 idnl 
I \:I 1n\ \\,'~,·thank !' ( lnr ;,,., ''"' 111 !ih' dl plll 

bb;>raL•n at tlw !'mll'!''>il\ d l!"rhl•>iL \\' \1d!ii>"h 
< < 

LH /ill\2 ;!! !he• ">.'\', \k\hn ( ;,~n· 
, l11 on Ph •t:: Rc·~c·ar d1 L.dwr;tlnr \' :.1 0k•lc \ k \!U' 

l!hti!Uh' nf \lilliot-: .ti1d r f\, i>l!llh:l!' !oi 

c.~ In I run 

lir>lltllh' 

!'hank' 
:i!"' to G Smnh !'m t<> obL1in F\·niltil Trflf 
'•"ltif'k' and hdplul l'tliHrlll'!lh nn the· \\l1fk a' 11 

pro~rl'"c'd and h·:mce,ct CinacPb lilt llr!l'tc'Ld 

•.qnraHniL l~'tahlhhmrm ot' lht' "c\;Hh 
at tile U11i1 \~!',I!\ nl 

1\d' !Hlltkd 1\;l!f!Ui!:d ',,·l•.'lh'<' 

h mndarmn grant I:PS "'17 .20 I 6::' to T s I'~' I! 

\.! ARF und fYU 
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