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Neogene Rhyolites of the Not·thcrn Jemez Volcunic Field, New Mexico 
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~:urll• ""'' s,.,,.,. S•·l~m·~• /lil'hlutt, /,,., Alllllllll Nllllllll&rl /,.r/•u,trhtr)', H~..., M~.ttro 

M UIIAMMI!IJ SltAI'Il)UI.LAII 

Vul~unl~ cenlen rrrvluutl~ ntut•rctl 111 the ~.U M11 1!1 lt~~hurl111 lthyullle In lhe IIUtlhetll Je/11~1. ~ol~unh: lleh.l, New· Me\lcu, lnl'lude Utter i.lltllllcl ~t•ltudu uf rhtullllc vulctttthtn. All tlltiY 17.~ lllul &1\IIU~he t.1u111~ uf Jluw•hutu.letl hlulllr rhy•1l1le null 1111 lulrrlltri.llute ''·" Mul rhyulild, r•u .. thly u ~ulctltlk ned., ~urrc•rund 111 u11e lu rhyulllcs ul lhr 1\etu llrulljtlll I he mlll~ettl Je111e1 vul~11111~ llrl1l. 'l'htee 11lhet r\ltiUivr t.luntu uf urhttlc, purul•::ttllt lhyul!le uutl ubth.lluu cumprhe ulule vul~unl~ rjtlullle, tluted 111 ~.II Mu. Wv rvluln Ill~ tltlmr HI l(e~huelu• Hhyullle u11ly lt•t llorsc lulr crnleu. AltulhU c~lllrt, lutlhet nurlh thu11 lhc ulh•n !lui tmtvluutl~ 111Uf1114!U w·llh lhe l!l Ked1U~h11 Uh,·ullte, It 11 utn:ltl! flllllll~r tillll whuu uwe t~.~ Mul, f~llltjltiiJihy, 11111)111• 111111 lruce•elrtnunl ~hetnltlt)', u11ll !It lnllhll tllllu ull llljllfUI II thuulu be! ln~lull~u Wllh rucln ur lhe Tt~hi~UIIIII FurlllllliUII· Nt.l IIIIU !It laullljll~ tullu• uf lht Nfl1Mftlt' rhyullln ul llic 1111tlltcrll Jcllldl vul~unl~ lluld tUIIJI"I 111111 theae thyullle• wen 11111 lllliUU~ttl hy t•tltllul mclllnll ul ellhcr 111'114!1 ur I11Wrt ~11111. ltulher, they mwy hll\r ~en llt'llttlllru ltu111 11 llllllllle••leril'tu mull~ muv;mu. tuch &U the ue11tltt Luballlt llu•ull, lry fru~lluuul ct)'tiiiiiJtullun with cuncumlhlnl 111111111• lullun ul tllllllt IIIIIUU/111 ( < lo~'•l ul lu11oer CIUllo If lhf l!lll.e~hllthll h dttl\tU ltulll U luw·et ~IIUIIIIIIIII~IIUI ctuuuhcr, '" •rflnt ll~el), I hen II lst1111 lehlledlo the llllflli~Utr tllllj/11111 eyetem, rl't'll tltUUIIh lilt fllltl ur 11 '"nllnuurn ul th)'ullle vulunl\111 tllllllillll rrum ,\.Ia Mu tu I )U,IUl Ytlltt lllltl th.ll lncluuu I he llumleller 
111111 f1lrcunul rh)ullll~ unth. 

IN'I'IUIIJUCtiiiN 
l{uc~' nr the J~ttt~l vokuulc lldd In ttutlh•c!!tttntl N!!W 

M~.,lcu t&rl! ~ubdl1·lllcl.l lnln I he kcr~s 1 > 10-b,.S M111, PniVII· 
dcttt (7.4-~.11 1\111), llllu Tcwa I~ lA Mill !(rttlll't [lltllit•y t•l 11/., 
IIJlt'l; .'imiiJt 1'1111., I1J70; ll•tll••.1' 111111 .'illllllt, I117K]. ll~:c~nt wur~ 
b) CltJflltll'r 111111 CluJ./'[ 1'1114] und Clu,1ut•r ,., ttl. tl'IHlrj lutll• 
t~lc, thut the Ketl!• uml l'ulvlldl!tll lttllUin ovcrlur tllllllll• 
cattilY 111 11~1: tltld lln11 both ~&roups ln~lul.l~ rock' older lhun D 
ttl.)', Studh:• b~ 1\111' t•tu1. (IIJll~] show thullhll Polvutl~tllllttd 
·r~wu JltUIII'' uls~• u1·crh1r 111 111:11:. lltu:.,J1C~o:h:d 111:11 tl!htllun~ nrc: 
\I ill bcin11 foutll.l In lh~ Jctn1:1. vulcuulc lldd: hcllcl! C''lllliiUctl 
tulllumetrlc Ullllllllo lh:h.l, IIIIU I'!Cltulu~th.: tllldh:, llfl! cruchll ror 
ij full UlldtmlllllUIIIII or ltii:Vo!Ui!UII, 

'fhc t•utvuueru Oroup Include, the L.obulu U11~1111, the ·1'8• 
thkutuu Forttuttlun, aml lltr: lll ltc:chlll:lu~ IUt~u!llc. 'l.hl• 
lulter rurntulh.rn, liS url~tlnully Ul!lllled (llttlll•.t· "' 111., l'lb'lj 
!illtitlt 1'1 111., Jll1U), Wll~ CUIIIIHimJ ul' llVI! UI,CtC:IC dUIII~S lllld 
uuc purnlc1: cune ur rlnlt, ull lucultll In the: llurlh~ru Je11uu 
1o1~1111h: 11.:111, lturlh uf Llu: Vull~~ t:11ll!~ttl IFiliUtt:~ I und 21. 
Olll: dunn: ylc:lllcll II 1\.·Ar llule ur :!.0 Mil t/JII/r,\'/1111/11 

,., ul., 
1~1•1], which Wll~ ll!:lll:rull~ ~:utulth:red 11~ I he lli'IJtuAIIIIUI~ llllt 
uf I hi, ruruu11lun. 

Till~ 1111111:1' rc:purb r!:t.:l:tll K·At uutc~. whniNuck 11\ll]llt• 
~lid lrllc!:•t:lc:uJ~:nl IUtulys~:~ (itll.:ludinlllll~: run: 1111rlh clcnu:nhl, 
l'l:lrulltllllhlc tlulu (hu:htulntt tuh:rupru!JI: llnulyKc:~J. uruJ Sr uru! 
Nd lmlupl~· rutlu~ uf lhc:~t rhynllllc tiiiiiiC~. Our n~w k·M 
dij(t:'l ~:lc:urly ul~lln~tubh tim:~: l!plntde~ ur NcUIICIII: th~ullllc 

Curyrl~hl I11HK I•~ tht r\lll~tt~nn CJt••l•hy•lcul Uuluu. 

~~floll IIUIIIhc:t II7UI!O. 
01 ~M·U~ 17/HK1lJtt711•71H.USU~.Ul 

vulcunl•lll In th~ nurlh~tll Jctn~l. \'uh::llllc licit!, ul 1.5, S,K, uud 
2.11 Mu ('l'uhlc I !IIIli Fl~:tttl! n cuttllttllllljj lhc lllfiii'IIIIL:I! llf 
/Ja//4'1' 4'1 11/. [IIJW] 111111 lh~ l\1'11 fttlltlhlltnii111NI thllll~N Wm 
1•lll~r. bu~cd 1111 I ht!lt dcl(tl!l! ur l!enudutlull llllllullt:tnllull. WI! 
lutl'l! lnfuttnully ttutnell the 7.~ und S.K ~iu rhyulilr~ tlte 
"cllrl)'" ntul "lnlctlllL'IIIlllc" rh)•ulltc:~. tcN)lL'clh•cly, u11d tclulnel! 
th~ till Ill~" l!llt~~hudu~" IIIII~ rut lite tll M II ~IJIMIJIIC. 

~IIITIIIIIJ~ 
Whulll·tuck 11\ll]ur·l!l~tn~ill CUitii111HIIIull' ['l'uhlu 2) Wl!tt! Uh• 

lnlncl.l un u ltll(uku uulutnul~tl .11 lll)' Jlunrl!~cCIIIC:I! IXItFI 
I)'MII!III lnlnttun t:tlll•WIIILht\1' rhmllum llltl(et, llilftllllllj.!lll 40 
k\' 111111 so tnA. Sumplt!~ rut· ~Itt~ Wl!t~ fltl!lllltl!tl ~~~ ru,~d l.!l~c:~ 
with II I !'111\hiU~e ur j11l1Ytll!tl!,, ~111111111! tullthllltll lt!lrllhlltllll! 
flu~, wllhutH rill uddl!d l11!1l v)' 111111111!111 rm ub~urhuncl!. lluln 
\WI! ti!UU~I!d IIAIItJt II flltldllllllllllllll111tlllllt!ll!tN lll~lhnd (Ctl.u, 
I•IKO; Pul••ll/1111'. I 1JH~1. IJI!IIllil ur tllh 111111!~ Ulllllli!CIItlll:y lttll 
1111'1!11 11)' /lull'l'f [IIJH~] 111ttl /lml'l'r tiiiiiiJal!•llllllt' I'IIJHitJ, 

Whuh:•ruck ltliCI!•elt!llll!tll Clllllllll~ltlutiM wure 'l~lettlllttl!ll b~ 
ltt•tttlllli:UIIll ittHtltull uclh'lllhlll nttulydt (INAA) utili by 
l~ulnJII!·~uurc.: ~1{1-'. llr, lJ, Th, 'l·u, C'•, Sc, l.u, Cc, Stu, l!u, 
b\' \'b, tllnl tu \l'l!tCI dcll!ttuiiii!LI h)' J NAA. Huck f1l1WIItm 
w~;~~ lrrudiuleu 111 11hutlc vlul1 In the l(tllt,hlll' tht~ttnlll cultunu 
nr the Lu~ AIUIIIII~ t-llllllllllll LuhnllllLlt~·· 01111!1111 WeNI l{euc• 
lm, wllh II II~UitUII !Ill~ ur b :It IUU ltl!llltUIIV/CIIl 1

1. All lltlllltl 
~ll·~ Jrt'lilllllltull Wll• rLIIIU\I'I!ll h)' II 20•111111 dccuy period UttJ 
lhl!ll h~ llllllllllll I'll~ ~11l!CitU~a;ojl)' fut dt:lca:IIUII uf lhl! 'hotl• 
itl'~d (Rutupc,, The vl11l~ w~·tc lhcn rc•ltrndlutcu l'ot· IICI •· rul· 
lttWCli by II lol·dtiY dc~.:uy lltltlml UtiLIIht:ll by CUUIIIIIIII ur lhl! 
hlii!I•IIVcd lllll.:lhlc~. 'l'hll dl!lnll• l1f lhlv jllllt.:l!dllrl!, Ill \~1!11118 or 
th~ llittu tcducllun, utu de~ctlhcLI h~· OutL'I•I ,., ,,/, IYJH:!]und 

.. ,~, 



.... 'l' 

UJIJii.l.l~ 1.& ru., ''ilt~H.'I· 1\hl''''''·' 'II 1111 h'"''"''' ,, ·•·• 

00' 

ttl~ L I.UCdlhltl 1111111 ~hUII-11111 Nrtlll~llf th)tlllli~ llumra ur lh~ llllllhrtn Jrmrr \'lll~nlc nrld llhl• wot·k). th)'DIIIi~ 
dum~• lllltl Jlfll'&:hutl~ ll~Jmalh 11r •tmllut lltlt Itt the auuthrtn Jrmer l'ult.:~~nl~ llriJ, ••nil l111l,•l'lrl""l.lt'nr rh)'OIItl~ unll• 
IIIIUIIII)' Llotnu lllllilluw•l wllhlnihr \'11llea ~·~ldmlultel Slllllill'llll., IIJ1Ui Or11·Jurr, II,IM~tlltl~rPI rltll., 19111\), 

MIIW 1'/rll, (IYK2J, ltb, Sr, IJu, Nll, 1111rJ Zt Wl!tt! di!l~t·mtn~•l 
by l•utotw·•,•urc~ x1u:, u•lnn 11 K•)l·e:. •Y•II)m "' the u.s. 
Ouulollfcnf Mum)' ( U!iOS) 111 "Uti 'let. iht!U! cuUtl)'•l!• "'l!tl! 
dUIIIl Oil j)rl!nl!d j)OWdm, lllld l•lllfll Cl111111k or flllliii!M:Cd )( 
toY• WI! II! mude uwfn" both 111'Cd untJ •~ 1 Ant ••11ttcr- rut ~nch 
"lllllllfl!. 

'l'he ~'HrJ""St tuthn were llll!llaurell Uhlll)\11 thenlum 1tl11lc• 
llf111111!111 IIIUdll or h.llllt.JII!Uth Utili ti•lnch, CtU··~I!CIOt, Nlet•l)'j)C 

mm hJ11!Cit'Llll11!1et·, nl~o 111 lhe USOS In Oen\•er. "'Srt•~ 
\'Illite~ Wl!ll! tllltrnnll;ocd ror '"Sr/'MSt•. 0.1194 10 c:orrec:l I 
I hi! llllfctellllul emcleiiC:)' or llliii7Jill01l ror I he \'llriOUJIJntop 
nnllthe ~)'hll!ll' WIIM hiUIIdlltdlred Uhillllll \'Ulue or O,?OHOI I 
the l!hner 1111d Amend Stnndur·d StCOa• l1tom numeroua rc 
Henle Hnnl)'hi!N Illude 011 the ""me muu apec:tromrter, the 11r 
l)'tll:ul J~t·ecl•h>n 111 lhe 9~% c:unlldcmc~ lc\•el I• e~tlmnlcd 
betlcr lhnn tO.OOOO' (C, 1!. Hcd11e, pmcmul cotnmunlcalh 
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''"'' IIIII~\: j ~'i~ 1.1.11 ~:o 
lntettn~llitl!~ f(h)ulttr I ~•IH 1~.11 ~Ill 

t ~"" I ~.II ~II/ 

1~. 1 ,,,.~ 

1.~.: ·ll.h 
I'•H, hhtiiiC; .Itt~ I?'N IIIII :M. 'I~'W !l.'llk h!JZI •1«1.4 lltl' "'·: ld I ~.~~!OZ~ 

l'ttrl,l llh,l'lllllt• 11.•1 I ,1 II{J.M hi \l 
11 11.1.1 •111'1 hl.l 
h'I:H 
hHH~ 
h IJ~~ 

l'ltl·~. htull\r. .It• ~.hK'N 11111 :.u~ w h.~.\11 h ~4 ·' ~~ 1 ~IJ ~ hI .<I ~· .~ ,I.: I ! tl ~.1 
T•~hl<'\111111 f!UIIII~~ h ~I·\ ~·1.1 ~lh 

fiiiJI 11.~77 .~II~ hlh 
hiU ~I..S 

-··-------... -----·--4·-.. -·---·-··-----~-- ·-----·---
bundillll· Tltl~ rhyulill) lw~ uhunJunl l'h~tllt~··~~~~ 111' IIIU!U•l· 

du~c IIIIU hiollh~. II~ ll'l'll II~ mlcruphcnucr~·~lh ur pi11J.11Llcillhl:. 
The JlliiUle•cin~•! phl'nm:r,l·~th 111·~ UJ' I•• ~ mm lu111t. l.'lli1111WI11y 

wllh Inner 1.unc~ "~l~wt.l" h~· lllllhh ltt~hJKilltt~ uttu ll'tlh ntnh 

free ul' ~u~h llh:lu~lnn~. Thc~c l'hcnucl·~·~th urc llltttnully t••ncu 
£rum "''~" 111 An1• H• l'lttt~tudn~l' lllll.'tut'hcnm:ry~l:• 1'111\~l' 
frum ""•" 111 An 1 ~. Gr&HJtllllllllhh t,lu~io~htM! '' An:·• 111 An 1.1• 

ll'lth up Ill u.•l% 1!110. The llhcnnct·)·~l tllllh ~nn111111 thl' Mlln~ 
illl\ll\1111 of butllllll, WhCtCII~ lho~ phCtiUI!I'~'hl &:\ltC>, II\ ll'tll II~ 
thl! ll111:ruphcl\tl&:t~·~h. hu1·c lin .:untcm' hclow lllil'tllpluhc Jl'· 
lct:llun llmlth (0.~~'!., lluOI. UwunLJI1111h' ~111\ldlnc !Ot,,.IL'llll• 
llllllh 1.11 ~.h"i. Buo. 

Ululll\' phi!I!Ul't,l'~l" h111c MlliiMJt • lotul Fcl ltlcnntcd h,l 
M,n tlf 0.5~··tl,ltU, 1\1/SI or ll.4.l··ll.411, TtO: Ill'.~.~ 4.tl WI " ... 
1111J lluO 111' O . .ll.~ ll't ",., 1\llt:ruph~lllll.'t~hth of \'1\dl'lltlll.' lllll• 

i!hlhoi~·IIIII'C Mil' ufll.h.J-Il,hM, AI•Siulll.l~-0.~0. 11 AI 11 1\1 ... 
OJ, 111111 '1'10: nf U-l.i 11'1 ",., C)Uiltll 1~ oth~\'111. ttntlm~·u11 ih 
II 1.'011\llliJII JICCl'hhiJr)' phllhC. 

Allhuu11h lhlh ccltlcJ· lh rhyulii!L' IIIL'•IInpmlllun. llw jlhcilt" 
Ct)'M 11\IIICrulu)ly lb l~'Jlll.'lll 11f dtll:lliC tud,h 111' th~ '1\\.'lu.:ntnll 
Futtnullun tl 1nlvud~1·u ClruiiJ1), The ~1111111mitlnnh 11t1J hulllh 
ur j\)lll(lut:luh~. hlnlllc, 111\11 tllllphlhulr ill th~ ~1111~ t7.~ IIIII) 
rhyulltc 1111\1 In llw T~chlcumn dtu:ttc~ lilt' 1·rty ~lllllloll ('l.tll'/• 
./lt•r, PIK•I: 1.' 111111111111 rlllo/ /lt1J./I'h/t1J', 11/H;'I j. 

illl•·~m•••llilll' Uh.t•o//1'' 1,1,,~ M,JI 
The hlllllh~rntnu~l 1 hyulitc dumc, l'\lh•u•tlulunll Cut'IUnl'ilu 

Sccu, I~ j1Utllully t:III'Ctcu h)' llullddlct Tull' IFtjWIC Zl. Tim 
1 hyulllt! I~ It I Nil ~11'1111111)' 111111' h111ttJl'd and ~'1111111111~ uhundunl 
1111~1'0Jihci11J~'I)'Nih II( NllllhiJnc f01'u ,1,1, &tlt~n.:lit~l'•lll\lll'lh• 

uL'Iu~t· IA11 111 11 1, 111111 quut·ll. ll1nlllc !h •JIIIIhcly 'l!~ltthllll'llll\ 
lllltiL'I'Illlhl'lllll.'f)'•l hullh ~lltllii\Llll In the 111 nundlltllh~. 

Unique Ill lhlb Jnnw lh lhL' u~·L'ullcn~·c ul nll••rthnd,lhl'• 

Mlllldlltl!•ljlltllll. ltiii.'I'Lij1hCtW<:J·~·hl lllh'tl!tllll·lh• ll'llh II ~~~~ 1111~· 

kill!! lcAilttc tlqJllll~ 41. Thl!w llltct)IIIIWII\~ ~··•nt11111 hniiWIIC• 
1\~UU:t "llllidiiiC 111111 tll\lll'lhudnhC, Ullitl,,• till' •ltlllljtl~· ltiiWII 
r~llhplll ~ tt~'tlt\l~d h)' /.11/llrt'lt 1111Ji I i1111/t•.1· 11'1771 hi I IIIICI• 

j!rllll'lhh llHIIll'll UJIJCr C\II'U~I\'~ t'llnhl\jl ~LIIILh\IOIIh, /(t/t/1,,, 
11'1711] •U!!V.ChiCd !hill ~~~~·h 111~'ri11Ckllu.: 11\ICI'j!II,Wihh lo111 

nit~·• 11 1 olnltlc 11t11u 1'1111~1~ hu~ hccn rcnH11'cu. Thu~ the IIIYI 

IIWhl\11: 11\ll.'l'jl\111~1\1~ 11\11~' 1'\'I'IChl'l\t II h~'llllh~·hhlll Ctll'lllll\llll'l\ 

111 wht1:h 111~ 111111111111 Wah p11rll1111~· J\'JIIIHt'd whrlc cooltnp 
l'lil)lht~fii\C II\ lh!! 111YIIIIL'hiiiL' IIIIL'IJ!IIIII'Ih~ I~ llllll'l' hOdlo 
ti\11 1: 111 1Jh;llllhL· plntundu~t· mrcrnphcn,,L·r,\'hlh 1Au 111 . 1:1· 

Smull jlrnundlllll~h fdd~Jllll'h ~·\l/1~1~1 nf ~llllldlnt• itlld 11001 

thuduhc umilur rn l'tllllllllhlliun 111 thc m~·rnwJ..tttc tlltct 
jlllllllh,, 1-JJ..c tlw 7 ~ 1\lu 1h~·nltrc itnJ 111 C<lllll'llhl ll' lh~ E 
llnhlll'"l' Hh~·nhh· IFijtui'L' n lhc \llllldiiW~ cnnlntn hl\llllli 
t:illll lllll\llllllh ol' I'IITIU:ll Ill.~ Z.~"" llnOl. lltollh~h ~1f lim ~.' 
~In rh~·,,IIIL' 1tlh'' ··nntilll1 htt:ntlil.'nnl illl\11111\lh ,,r llnrtum tO.f• 
1.11"., J111011111ll iiiL' 1llh1'rl\'lhC ~111\tlllt In lhL' btLliiiCh (I[ !he 7, 
111.~. ••ld rh)ulitc IMtt' .. ll.~~ ll!•~. AI St .. 0·0 0.4~. TiO: • 
Hi ·l.l 111 " .. !. Thth lhH•htc llilh lllllllthync, hut lhc ~tlllh~ 1 
c\11:1\M\cl~ Ll1.'\tlltlic1\. Ill IILILII\1111\, the 11••J.. th L'ct)· hutd an 

dl'llh\' uml '''llliltllh ••h•·n 11111ll'lllb uct'''~llc•l within l'll~h. Th 
~lltL'IIICUIIIll1, 111111.'\h~l wllh the ltl)'l'ltlchllll' IC\IU!Ch illd!CIItin 
,, h)'l'""~~hnl ~tt\ltt•nnwnl, •Uf!J!l'~l~ rhul 1Im ~·eniL'r IIlii) h111 
h<'Cilol lllk.tllll' lll'd 

i'.'l /~,•d11u•l•11 /~11\'tl/tlo• 1.'.11 \loll 

Tlw lhiL'C lut~· El lh•cln1dn~ Hh~nhle d1\tnL!~ winch II~'CI 
.rlnnjl l'oh nd\'t'll l"t·,·d. I FtjiUtc ~ 1 ~·l'llhl~l n£ UJlh)'t ic, f'l 

1\\h.'&:llllh lh~·olt!L• 1\llh t•hMdlllll. ny~llll~ 111Jt!l'l thnn ~(111111 II 
IIIIC Ill 11i111f lltl'~C UlllliC~. hill lnll'rUI,hCIHICI')'~l~ IIJ' \O ~ n1 

til •.1/c 111!~'111' 111 l!.lll··hnnd~ll lllltlitltlh nr lhc IIITJICt dnlnt 
Tlww tnh.'ltlflhCl1\l~t)'~l\ 1.'111\M~I 11f MIIIILitnc !Ot .. ~.,,.,\, oh~ 
du'c tl\n 11 1 .1. nnd 41111111; hh•lllc: ,,~·~·ut·h ''Ill)' n~ htnnll cr~ 
111l• n 11•w ~~~~~·nll\wlcrh tn ~m· tMtt'. u .. ~.,...{l.~b. Al.'Sr- o . .ll 
II.~~. TIO:,.. ~.~· ~.!( Wl''ul. The JltiHIIIUit!llh~ COitllllllh 11lh11 
'"'"''"''du~c. und htlllhJtnc. 'l,w ltruundmtt~h ltlllhh CLllllnt 
\Wt\IIM\C hill 11111\Lll Chi~' ul!l.'tllllt'IIHII.IIljljii'IIIIJL' frnCIUI't~. 
11cll "' 'tl'ilutc ~IL'I'IInlkttlton ~·c•nlrr~ ~·•mll,''hru ,,r lclll~Jl 
und ~~~~~·11 llliiH'flti~ The 11hund11ncr 11f hnttlllll m fcldhplm 111 

-----·------------------
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'I'AIII.I! .1. Whnft,Uu~k ~t ll!ttf ~~~~ 1-.thlllt~ 1)111/1 ltiT Nrtltttlll' llh,llllllrl, Nllllhttll Jrrnrr \'ulc111111: 
fTtrfiJ 

..............,..,._,_ ...... 
1:1 flwhuflm 

llh)'t1llll' 1:.u Mttl 

T~~hlt'UIIUI Entl) t?.~ Mul ltll~l'lllt!dtdt~ I~.H Mul 
I1 UIIIIL'~ 1111111 ltll)tllllt' llh)·nlllt' !illllih CrtlltHI 

l!ll I·~ 1!11 ~., I1HU t:H :.o~ I~M .1.,1 

Wtltthlfll'tL't'tlllllU, lt 1J.?~ nH 7Ct,l~ ?!l.~li '"·" ~~~~. ttl.,\·, !1.2 '·~ ~.H ~.n :.u 
!lf,fljllll ~~~' m ~(J~ 4.lH ... 1111 

1u •• I''"" ... , 11 lol.: I .Ill DV 
-'II tl .. !lt' 11 .. 1,1~ U.HHU ll.li?~IJ 11\I.Ct H,.,\ 
l"'lit1 1~Htllllet.-. 11.111~tl1 ct. 7(1~.'7 II, 70~ ICJl li.70MIIU 0.10~14 

I"Ht.''~Mt'l11 1 11.'/11~11~ Mum u. "l~ I;\ tl,7ll~l' U,?U!Ihlt 
:.lll,fllllll Ul l.tw 
Nt.l,fllllll :H.IJ ltH 
I I AlN1f/U4NtJfuf OJIW•.I o.m~7• 
t.Nd•· ... ,\.h -I.~ --11 '1lb/1"1H. 2.HII. flllllllllhilllllll Stl. 

1Uutullttln~ll 1111 Mtl~fllll MriWtth•, 
jeUIL'Uiult'tl u•lttp lit~ fulh11A'llltl rtjUIIUllll: t''St.'1"St'10 ,.11'St.'1"Stl,.111 .. t•'tlhi11'St1Jt 1111h ~ • 1.o1: 

• 111' 11 )·t· 1• 
OIIII'IIJIJtttl, llll~tlll~~t~tlllll llll"· 
1 lJtlllll ~IJIII'lll•llll)' hllll• tllll\ll 111 NLl/,.1NIII,. ll.~l:h.lh, 

blutlht l1 ht!llllv tlt!t:lrtlll lllft!tllf)ttJhl! Jt•I!!Clhlll lllnlh IU.~~'!u 
IJttOio 

Notiht'l'll 11111111•·1' lllllt/ 

'l'hl• runth!c! tllllt, which I• llll!llt~J 4.U km lllltlh uf Puh·u· 
dl!tll l11!11k tiiiiJUtl! 2), I!IJIIIUfllll llhL!IIOCI'~'•I• l)r tlllll!d tllld 1111• 

l!Ulii!J llltttJ,Io~IU.I!, tOUIIlll!d Ulld lltllbtl~lld 1Jllttrli'4 blulllt! 
IMII' •IUII·O,M, '1'101 • •l.•~""".CJ%, ll110 .. O.~·O,K•:·,.J, unJ 
hurnhll!tlllt! IMM' • O,Ol'J·O,tJ7, AI/HI"' 0,2h·tl.'-''• TI0 1 • 

1.7%) In II lllllltl" ur lllllltt!III~RIIIHJ HIIIMl. Ulli'llllt!ll ,,,IIJtllll:hlhl! 

t'helh31!t)'•t• lli'L! Att 41,: ulher l'lll!llocryftta lltt.' nul'lnully tnncJ 
from An~11 Ill A11•~· 'rhl! hltth culclum col\11!111 ur tht! '''"ill''' 
clu•l! cutl!a lndlcnh!l di•~4UIIlbrlum ltltd IIIII)' htll'l! tc•ultcd 
rrum mlmlltuluu, IIIUIJIIIII 1111-'IIIU. ur nulll!liUIItbt·lum rrtll:• 
tlunulcr)'allllll~ullun. In nny c11au, till• plu111ncry•1 tlh•l!tnhluflll 
IN allllllllr lo thnl uf lht! 'J'at:hii!IJIIUI dltcltt!tt [l.o,~}lt•r, f1JKol: 
l'mllmtm .w,/llllltlrlll,lt', I VII,], 

MAJCJII• ANU i'IIAr.'lt•HI.l!MI!Ni, CuMt'tl~l'l'lllNM 

Atlilllllllhl! northllrn J~:mel.l'lt~olltea, yub•tuntlul ~lllcrcnm 
In mujur• un\1 tnu:c~l~tncnl I!Utlll'ouhltJIIJ ~:crrelutc with 11~c 
(Tuhll! 2), 1r11r Ullltnt'll!, JfcO, Na~ 1 0, St·, llu, Zr, ttt!d tht: lfuht 
rurl! eurlh 1!len1t!t1IK !LKI!l!•l dct:r~u.e wllh dt:t:rcu~lnJl UJll!, 

Wlll!rl!n• K!O, Hh, CM, U, 'l'h, Nb, 11111.1 'l'n lncrtlu~l! with Ju· 
Ctell•lng 111/.~. Ill IU.JdJthm, U llt!,llUtiYI! I~U IHILlllllll)• htt:l,llii!M 

a~rcutler with t.lec:rtllllllltl 1111e Wlyure 5), J•'rtll.:llonutfnnmudcllnn 
u•lnu ob~~Crved t'henot:ry•l t'hilll!s allow• thul thu llltl'l! tll~·tl· 
lltl! llllf•ouu ure not relall!tl to 1111t:h other b)• tlmplc t:J·y~olul 
fru~.:tlllnnllnn, 'J'oy~lhut· with l'l!trrJjltUI'hlc Llllli!tenccw, thcwc rc• 
IU)Ia lndh:llll! lhul l!lll!h ,,11_1! or uctlvlly (7.~. ~.K, und :.o Mnl 
Will 1111 lndl!fli!IIUL!Ill IIIIIMIIIilllc I! YUill. 

1'h~ •Y•tl!tmllh: Jlllttl!llcea rmm the eurly 10 the: HI 1~1!· 
I:I!Ueh;a rhyoffii!K llll! t:LliiiiMh!lll With II lltl!llll!f dl!llfCL! O( ftiiC• 

tlmuatlon, proh11bly of phlglnciiiKt!, ftllnh.llnc, biotite, nnd Ul:• 
I!L!"nury zlti.!t1111 ur IUCCC:INIVc:ly )'tllllllll!r rhyollt'!ll frnm 11\0tl! 
lllllfh: I!Uljlllllllo 'rna (111!1 111111 lht! degree or frltCIIt>MIIIlon CO ttl!• 
htt~M with tltnl! muy bu ettllrel)' fortullou• ar lllll)' tellcct •ome 
l"flll!t:•• u .. ut:httud wllh thu duYI!IUfllllenl of 11 mujor •lllc:lc 
mngmu •Yitem, Untlllnlc:rmedlutt: rct.:klnru ldentll!ud I hot 11rc 

flm~lhi)' ~:u}lenctll! 11'1111 the th)'tlllte~. dctulled rrnctionntlon 
tnndclhltt rcmnln• h)'llolhcth:ul. 

Sll ANI) N13 l111111ll'll· ltA1'11l~ 

'rhl' lnlllnl "'St·t~hSr fot ull th)'ollll!~ rrom the nnrthern 
Jcmc1. tllllllt! fmm 0.'70!113 to U.7051lb Wl11ute 1.1, Tnhle :'1). Thr 
lttftl11i •'Srt•"SJ· or 1111 of thl! lllltthcrn Jctnc,. th)•olttoa RIC 
lo~~o·~r th1111 th)'ollh:• "r lhl! "em Orou1, t•'sr;•"St • 
U.7U70I~U.7UII~K [/.al•:!/lc•r, IIIH•I)I, llllhounh onl)' two mc:nme· 
lll~llth I!!,IU r,,,. thl! Kl!tl!h OtUUfl l'h)'ollre•, /llld lhllh their f'O•· 
•11,1~· flllliJ~ I• unkno~~o•n, Tht! rh)'''litca from rhc northern Jemrr. 
U\'l!tlut' wllh tlw known tlllllll! or •'St'/u'St vnluca or the: Kctca 
nnJ T•~:hl~,,mn Oruu1' nndc:hiii!M nml duclli!N I~'Stt""Sr • 
11.704olai-0,70~)1J: IIIII)' lliiC 1!1 ltc£1\UI!InN ~lllllf!lc mR.\•3) i• 
hhJhcr·, hut th~: cnrnhlnt:d l•rr crtw~ In Hb, Sr, nnd IIIJC dctct• 
tnlnuthllt~ fnr ihl~ Mttnl'lc coulll permll n cnlcuhtlcd inltiMI 
"'si!•''Sr below 0.70~00. 

tONIJt•~~Nd tnllnh "'ere tMmnlnC!d fur the cal'ly und El 
ltl!chucln~ t'h)•nlllu~ t'rnblc ~). llnlh nrc hlt~thtl)' enriched l'cltt• 
liw Ill bulk enrrh, with r.,,, clcllned ~~~ 

IO"I't 10 NI.l/ 1 ••NJ),~,~I( 1 •)NJ/ 1 ~ 1 Nd), 11uodlltr- 1], equnl to 
-,til IIIHi - 1.:, tl!~f\t'Ctll•r.l~·. 

OtSl'UMICIN 

/'''''"''''"r~/J 
It lk nul presently I'LlMhiblc 111 conhlruct u detailed majot• 

Mill ltiiCI!•I!II!tnCIII f)CitU)ICIICih: model (ur ihc~c rh)•ofhcw, ror 
three rellhllll•· II) No coicncllc intermediAte rock1, which 
wuuld ~~~ll~lflllll the e1•niUII\lll or the th)•oflle~, lite known, 
N~urh}• OUI:Itr• ,,r the r~chli:OM)II Formutlon hliYC usc:~ I» 
'"'ct:n C1.!1 und 3.0 Mn [0/.1r11 ,., al., l9117J und thu~ mn)' haloc 
furtnetl t.!OII~UI'tl:nll)' l'o'ith the fnlcrmc:dflltC th)'l)lllc: but 1101 
With lh!: cntl)• und 1!1 ltcchucloM rhyolltcw. OttCIIC!j or the 
tl!lllullurc: \'I! f)' cunwlc>., und tnure unc, chcmicnl, nnd miner• 
nlutdt.: dntu nrc: ntcllet.l before poulhlc rcl111lonl to the rhyo• 
lltL'• ~~~~~ he tc~tcJ. Mnren1•er. the conunon oa:umnce of moRe: 
clotH wllhln Jhc duclleK wUJl81!Kt~ thnt n b.unltlc component 
wuw ctltlcul to rhe evulurlon of mo~l If not nil of the •lllcic 
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IJIU-1 l..liloliLIH Iii"'' 1'lll.lt\.ll. ''' htJIIIJ.jll.- 'JI 1111 •"lhltllh' -'I tlt-1 

Jr•ll· 4, liHuh.lltte mlctophtiiOIIt~ll rro1111he 5.H !1111 rhyolite wllh nllrlC•fltltlllelllllllltt) 111111 cmanr•llfltlnL'II hllltet) tn)'tl!lt• 
kllh: tllll (1r •Milhllllt•IIIIOI'Ihoda"'~Untll. hllrtjltOII'Ih, 

muumu• In thlw re~tlun, untl we therdore ..:uncenttnle In thl~ 
I'IIJ)et 1111 II!NIK ur huKIIIIIt.! j)llrl!lllUIII!, (2) We •Jn IIlli know the 
rull til IIIli! .,r .:lu:ntlcul llllll IMIIhlflll! l!lllllflllNflhiiiH urI hi! lll!lltby 
l.uhuln 111111 1!1 Altu buNtiiiM f..:,g., .~·mtrlr ,,, 11/., IIJ71lj, 111 which 
lht! curly 11110 1:1 ltc~:hutltlN rhyuiii!!K, ti!KJ\I!L!th•el)•, ure tnnh· 

r--'"t------·-··----. 
._ IIL nl!et~UI!LOU 14HYOLI1U ti!.O Ma) 
...... - II~Tiillt.AI!UI/\'1'11 I!H'I'OLITII (b.O Mil 
.......... I!AIIL'I' 11H'I'OLI1C (7.D t.Aa) 

~~:~------~Jm-iu~··----~d;------~~·~u 
l'ltto ~. Cltulldtll~•lltltiiiKIItell Ill! I! J!lltiii~K 1111 thu lhll'll 1'111~11~~' 

11r N~LJyeue thtnllll~ l·ul~itllllll, I'll~ J!lullln 111~ •luhell hrt~·ttll l!u 
1111d D)• In •hull· Ill• Jltuhuhle CUIIJIJ(UidiiOII ullhf l!u tiiiiiiiiNit" tOd 
Wlllllllllllltlf)•,ttl}. Jiut l!tiiiiiiiii,JIIIUII, ~htllllll'lll~ I IIIII~' 1111 flflllll 11'1'1~ 
tul.~n ftolll IIIIHJtlltfliiMUjl 1.11,0.llt c:r, U.HH1 sm. u.JN; Hu, cu~.v; 
J))', 0,,2,1 ~'h, 0.21XJIIIII~ 1.11, U.U~.t fl)llll, 

nhly rlllutet.l. l~l f:or the lnlt!l'llll!dlnte th)•ollte there 11te no 
..:Iahti)' •mndutetl htrhllltll! rnck~ 11:1 ~~t•hi~!h lhe rhyolite llli!lhl 
he relntet.l. Newrrh~ll!hK, lhe a:hemlculund IMllnt'lc: dntn nllow 
UN Ill phu:c t:OIIhll'llllll" 011 lhr arl~tlll or lhc rhyolites. We e•· 
J,llll'l' HnetlllflUHNihfliiJI!K f~lt)\11', 

0.70110,....-...,-------,--------..-.., 

.. + 

• • • • 
w 

• 

BIO, WI.!~\~ 

I·W· h. lllllinl ~'SII~''SI plulltll nnHtll~l Si01 lot lht Neoprnt 
lh)ulllr• ul lhr nutlhfllt )rrnu l·uiCIIIII~ J111hl, lui th)·olll~ ol thr 
1\l'll'~ CIIIIUft, tlllll 1111 umh•hllc• unll \ln\'lle~ ttl lht l1uh·111lrrn 1116 
1\rtr~ 11111111,. ''''lltl ~·u~·l(•• antl ~·ro, .. c,, rt•JII'CIII·rl)'l, f)aln ltnm lhl~ 
"''''" 111111 lruml .. m:l/lf't IIYII~). 



Sllltll•• .dill'l•' llllltlmu'! The dlflcm:nl Ntl lmlutllt rullm of 
the enrly tc .. d .. -l.bJ 1111tl 1.!1 lh•chuelu~ rhyolite• lc11~ "' - I.ZI 
rule oul lltc:lr rehliloushlp to cucllllthur by lillY sltnpl~. ''"Ill~· 
illlllC model of fr11cllonul cr.vsttlllitlltlon.;omblneu \\'llh u~sltnl· 
lulloll of UJ1JWt cnut In 11 lonl(•llvctl IIILII(tllll chutnbur, a~ ~~o·t.: 
rroposcd fltcvlou•l~ [Lur.f}ln 111 11/ •• I'IK~]. 

Crtutu/ Wlitll'.~l.•'! Tin: luw nsrrsr I o.::U.70KI4l ur thll 
IILltllll!tll J~:ntel rhyulltt:M tUII!~ lllll their llflllltt by Uitl!l:l tllltl• 
lt:.\11 ur the UJ'Ipc:r cnnt. Ncnrly ult l'rc:cutnhrlun l(tllfltflc (Uild 
thu• rr.:•unmbly uprer cru•tull rock~ of N!!\\' ~111.\lcu hu1·c: 
"

1Sr/"1'Sr jlr.:utcr thun 0.7~ [/'•'".1' ,,, u/., I1JH7). J)arm:l 111111· 
lc:xl~ or 1111)' cn1~t. lmvc:r or upper, 1:1111 ulm be: rulc:Ll out nn llu: 
hu~l• uf the r.~d 1·uhu:• or tlu:~e Ncugcnc: rhyotilll~, 1~hlch nrc: 
ltllldl hlghllt thun Yulue~ llh!IUllted for lhc Prutc:rolclt.: t:fll~l nr 
thl• rt~tlun I-IIIo -IS [V,•/1twlu, I 1IKI11~ N'>/.'''11 tllld Ll••· 
l11111/11, I 11K~; 11iW,I'&'I&I/., i'IK7l.l. 

,•l.t•lllli/utltllll/hu·tlwwl t'fl'.ltltlll:mlwl ,if hlt.UJ/t'J Th~ Sr 1111Ll 
Ntll•oluplc rnilo~ nrc com~ntlble with !li!ll~rutlnll ul' I hi! rhyu• 
lite~ rrultl II lllllllt!t:•\Jtrlvt:ll ntll!lfllll, ~UI!h II~ !he l.ubu!U IIU~Uit, 
l')' rrucllunul cry,tullilllllon In CLHnl-lnuUon ~~o·Hit au~lmllullnn 
u( trU~I. W~ therc:furc: fllliUdl!d the: lsoluplc dUll! rut till: rhyL1• 
lite• u~ln~: the: uulrnlhllinn·fructluuul cry~tulllt.utlun IAI'C'I 
tnndc:l ur /h•/11111/o [ IIJK I /11. Wt: tl~t:d I ht: Lnh11tu llu~ull 
ISr • 1150 ppm, "'Sr/ .. Sr '"U.7WJO, Nil • 4S prun, 
IHN~/~~~NLI ... u.~l~fl(l~, I:N~ .. +0(1 (ll. M. Lnc:nlcr 111111 "· 
Fut11. unpuhll~h~d tlutu, 1 1JH71n~ the: purentultniiiiiiiU (ur thc~c 
mcu.M~. ~lncc: It I~ 11 mujur hu~11hh: unit tll11t wu~ crupt~LI clmc 
In pru.,imlty und llllii!C 114-7.6 Mu ('G,m/llt'r ,,, u/., I11Hf•]l ''' 
tlu: rhynlltu. The: ~llUnl( (llf1f1W\Irnulc:ly 3 Mul m Alln lluwlt 
wm!ILI rt:pre~cnl u heller dtnll:e for lite p/lrrlll u( thll l!l llc· 
chuelus Rhyolite. hill the Nd ClliiCL'IIITIIIlllll nr lhb \JIIIt hu~ 
1101 bcr11 llteluUteJ. \\'~ lll1!C, hnWc:Yer, llhtl the II!JIInl 
"'Sr/ .. Sr uudl:~o~• fur 111 lc11~t one Ul Alto ~llftlllh! (0.704~(1 lllli.l 
+ IJ.~ [lJt•/11JtJ/1111111i ll'u.ut•rhl!rJI, lll7h)Jurt: \'l!tY ~ltnihlt tu lhu 
Lubulu. 

It wu~ hnpu~~lblc 111 ubtuln ~ullduclllty rc~ult~ with AFC' 
rnml.:ll111:1 hy ~~~~lrnUullu11 ur un)· reu~onuhlc lllll"cr cru~lnl 
~umpu~llluns, even f11r the rclutlwly rudiullcllh: 1:1 Rlll.'hUt:lu~ 
l~hyulltc. In I:Utllru~l. ~~~~itnllutlull ur luwc:r cru•tu/ I:UIII('H• 
~ltluu~ 11uvc l(uml re~ullN, Fur c:~•unplc, the L'urly rhyullh: 1!1111 
hi: tm•Llch:d rrultl the Lubutu llu"llt h>· U.mllllhl)lll~~illllllltlon 
ur luw.:r cru~\ with llu: ~urnru~lllon ",srr1Sr ... U.7nS7, 
•~JNil! 1 ~"Ntl .. OJIIH67 (c .... -1~1. J50 fll"lll Sr, 1111Ll ~ll 
Pf'tli Ntl. Th~ tnodd requires II rullu of the unlmllutlun rtllC Ill 
lruclllll\ltllon rtllt: (r) or U.l ~ und II rhtlll ur relnulnlnll to lnlllul 
rn~lt IF vulucl or o.~•J. ·rill• mud~l rc~ull! In uultnllutlull uf 
5.1% lower l.'ttl,t r.:lutii'C Ill the: IIIIIU uf the JlllfCI\1111 llHIJ,(Itlll 
IU,IIIII the unllllllllliUII \!LjUUtlun of tllrllfl'r 11111/ /Ji•J11111/t1 
( IYH~)I. The mutJ~I nl'u rcqulr•!a 11 bulk 0~, • 4.~. whl~h 1~ 
rctuunubic, Ml111:c plnl(iocllue 11 1111 obtcrve\.1 ph~uoc:ryst ph1u1: 
1111d ~lru.:t: the 1\. 11 fur Sr bcc:urnu~ l(tenl~r 111 the melt bccurne~ 
murc fcl•lt.: [Uwul111r.•t, IIIHO). Th~ uwdcl ul~u require~ 11 
(J"'~ .. I.-I, which I~ tCUMUtlllblc r ... r fcl~l~ 111cll~. C~jll:~ltlll~ ~lllcc 
1.lr~o:un ~~ 1111 ub•~:rv~LI phcnu~·ryll. 

Sltnilurl~·. tht: 1!1 Kcchuclo~ Hhyolilc cnn be pwd111.:cu with 
Llll r vuluc ur O.OH for u•Millllillllun or luwc:r ..:ru~l 11'1111 tht.! 
~:umpu~lllun H'Sr!'''Sr .. 0.7060, 14 ·1 Nu; 1 ~"Nd .. lJJillltl7 
lr.N~ .. -·IS}, ~~0 IIJltn Sr. and 4liJ'I'"' Nu. 111 lhl~ c:u~c the 
f1t.!ll:cnllll!~ ur ICIIVI!t cru~l ~~~~lllllllllt•d rclullvt: Ill lhc lllllhll 
volwm: "' f!lltt'llllll n111gnw b lc~~ lhun :!",;,, A /J~, ... C1 1~ rc· 
qufrc:LI tu brlnl(lhc Sr conc.:ntmlilln Llm~n. Thh \'ltlue 1~ hi!lh 
hut nul unrcu~unuhlc tllllrttltur~l, I'JKU). Thu required /JNd .. ~ 
I~ ubn rcu~nnublc, •lnce 111 hlJ,th·dlh:n rh~·nlltc:~ the l.lli~H~ 

fdh~ 

filii)· hcctllnc l.'llllli''lllhl~ In Mum~ ''' the nhunllunl ntlnctul; 
(Mtii!IIIJ&/111111 /11/tlfl•tlt, IIJK~]. Aim, Mtllllll tjlllllltllll!~ nrullnullc: 
ur IIIUIIIII.llc rnuy lum: h~c:n rt·uctlnllut.:Ll, which IYnultf tc:tlucl! 
NlllMIIIt•r 11/tt/ Mlllll'ft•llltlt, I'IH2],1tlthl1111lli ltc:llhet l'liiiMIIIIII~ 
}'el been nbmv~d In thin ~c•:tlun. 

l~rom the tc,ulh ur lhl~ M·c l!lodclltlll, u·e 1:1111cludc thtll 
derlvullllll or llllm! rllyulltc~ h)• rrucifonulhlll rrulll hll!llllllc 
flltnHth ,llnllur In tltl! Lubnlu lltt!IIIJ, t:outumlnutcd by sn1ull 
umnutlh uf lul4'1.1t cru•l, IJ llhl.1·. 'l'he •lmple5t lnlt~l'l'tcltlllonof 
then• ri.'~UIIs, llllll llll! lltll.' thlll Wll rrcMCIIIIy ruvut, I~ thnllh~~l! 
rhyullte~ w~re frucllunut~:tl In luwct··~o:rUMllll 11111ttlnn i!htunhct~. 
Thl, lnfm~LI tli!JIIh cunttiiNIM with ~umnt lntcrlnetullun~ rc· 
~lltLIIn,; the Mhullnw depth or lhc lltllllh:ll~r NYMclll 14-7 knt 
l.'imlllt, 11l7 11jj. A rrnbletn wllh th!! 1111111~1 or II lowel··c:J·u~lnl 
IIHIIIIIIU C:illlltlhl!t lliLIY hc lhll tllfficult)' uf IIC:llitll( hii(IH'I~t:llHII)' 
rhynlitlc 111111l111UN Ill lite HUrfll~c rt·n111 the luwc:r t:tuMt. \'IN• 
emilie:~ of lf 10•RIIIIItllll!d thyulliiL' llllt!(IIUIH IIIII)' poulbl)• be 
liM low us IOJ I' In the lt•wcr t:nul, hill wflllncn:u~c I'IIJiitlly ll, 
j(f:!Uier ihlln IU~ ,, IU wuter IN luKI nnd rr~s~urc uccre&IM~" 
durlniiiiM~ent r /o't .• lll•r cllld .'idmllllt'kt•, 1111!•1 i 1\ll.llt/rtl, I9HU1. 

Ahcrnullvel.~. !he Luhutu llluult w.: UKC:llll, 11 plltl!lllul emu• 
puYIIIOli IIIII)' lint hll\'t: hcen 11 rt:ui/Mik t:hnlce, l'u~~lbly lltll 
hu.•nliM lt'r lntcrmedtutc t:lllllllu.~llluiiMI lhut wurc llUtctllul ILl 
tlte~e rhyullte. were lhctn•clveK cuntutnlnutcd by lnwur ~tUMI 
111111 1\'~r~ llum rrucllllllllll!d In Nhulhtw (UJ,(,I!t CtU~Itill tllllf.Ullll 
cltumhtrM wll~wut fUtlh~t ~uttlllllllllullnn. 'l'o 1!\'uhtulr thiN 
ll!t:llnd IIYIIolllesl~ will requite uddlllonul bt'hlillc dutuon the 
IIHHol.'lutc:ll Lnbuhl und 1!1 Altu hu~ulb unlln11 Jllmlhh: IIIler• 
mcdlntc ~:umrm~lllnn~. Howc\·er, we cutiNidur thiN hylmlhc~i~ 
Jc~M lll.cly hecuuMe Ill ll IN 11mre t;OIIll'lcx untl (:!) II require~ 
Lipper ..:ru~tul rructlunullun \l'llhuut Ki1UIIIh:untuull11flllllnn. 

Ul'lulltlll.llllt• 111 tlw MIIIL'I'III' 1\t•rL'.I Cirolt(J: 
N ottlt'ltt'llllllrt' 

The eurl~ (7.~ Mul und lnlllrtrlcd/ttll: /S,H Mu1 rll.~·olllcN IUI\'L' 
1111~~ Mllllilnr tu the hlllh•NIIIcu CIIJWI'IIH Cunyou nuLl ll.:urheud 
rhyolltcM ur the 1\ert:M OtOlll' II vt .. (J.~ Mn [liltrt/llt'r ,., ctl., 
liJKI;JJ. /'urthermur.:, thc~c centctH IIi! un u NNl! treutl with 
the CutHIVJIH Cunynu 1111d llcurhcnd lthyullte centm Wlpurc 
II, which wert thclnMci~I!K purlly cuntrullctl hy NNI! lrl!mlinu 
ruull~ [Gterc/llt•r, IIJH~]. ll IM thcrcruru J'lhiUNihlt: lltnt the curl~· 
utiLI lntermcdlulc rltyuiiii!H lllllY be pctruucnetlcull}' tdnll!d tu 
rhyullle~ uf !he 1\cre~ Cirulli! In the ~lllllhcrn J~:u1c~. vulc,lflfc 
llt:ld, us Mll~llt!Hit:d h~· Clcmlllt'r t'l ul. l:l'JHI•], The t:utl:,· rlt)·ulllc 
IN luw~r In Milieu (7~% ver~u" 7f,%l, lowl!r In lth (77 l'lllll 
\'Ct~u~ I )IJ-1 !I~ (!Jltnl, hl~hcr Itt Sr 1~5~ I'Jllll l'cnus 56-t•O 
l'f1lll), lllltl IM In L>lht:r tl.!MJ'IC:CI~ dlllcrlllll rrutll lhl! Ketc~ Oroup 
rhyullle, (G&Irtlllt'' c•t cJ/,, I1IH!1), Thuc dlll'cl'c:nct:N mlghl bl.! 
IICCOUJIIt:LJ for b)' t:llher I:Llllllll\\l11111lL111 ur lhc curl~· rfl)•oiJtc 
with, nr ~~~' t:llllllllt:lu rructlnllulion frutn, u mutL' 111111l1! 
lllllfUllll. 

The fnlt!rtllcdlllll.! rlt)•olllc '" \'Ct)' Hilllilltr In cutntm~illnn 111 
the K~rc~ Clti!IJI, rh)'lliltc~ (t:nlllplltC HI< h·'l ll'ilh JOHO·•I1J In 
'l'llhle :!I. 'I'll!! Sr lmllltliL' ~utnpmltinllN ur lhi!Ht: 111'11 th)'uflleM 
nrc dllli:teut IFIJ!Utl.! It/, hut dl~llnctlllnH J,u~cu 1111 only twu 
d111u flniiiiH urc llt't:t:"~urll)' limited. /'.lure dutu nrc nt:edcll 1111 
I he C:lllllllll"'tlut!JII 111111 l~!1111fliL' tlllljlC• l'lf Ki!tCM a roup rhyu· 
litL' wmpu~ltluth bcl'urc tht! elll'l)' unll llllt:ttni!dluh! thyulilc~ 
cun ht: ~urtt:lnt~d ll'llh ur dl~11n~tLI1Nht:LI fruln lht:lll with ~cr· 
tulnl>·· 'l'hll~ until lhl! rhynlltl!~ ur lite K.l!teM Clrnu11 nrc hclll!r 
churnt:tcrllell, 1\'c jltefcr tu d1Hilt11lli1Hh the Nl!ttjll!llt: rhyulllt:.~ 
111 th~ nutlh~:rn Jl'lllct rru111 the K.utt:M ClJ'llllil rhyulllc~ h)· the 
lnfurrnul lt:rln~ "enth·" und "IIIIL'rtllL'Lihttc" tlt)'illllcM. 
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·~------------------------~ ':'"' '· 'l'llllllly ur Pllo~'l!llt: lllld PI~J.IO~IIC thynllll~ YUI~UIIillll o( 
I he J~lli~J. vuh!lllllllllrhl, !:iolhllth111111e• lnlll~nle K•Ar linin ~~~~~ •huw 
1111e ~:unlrul ror ea~:h unll. IJr11u f'Oinl• nrc !lcnet·KIIttd where toe\'erul 
tlulc• uc~:ur wllhln thurl lillie ltllervnlt. 11ur lhe Cmu Toll'd1, lth)'ll• 
IIIII, lhtH lljiCI dclcnnlnutlotu !lhdlll)' ClCCrd the III."CCjlleu "It~ or 1.4~ 
Mu fur the luw~r llundclltt 'rutr. '1'1!1 rrum lltlllllltUjlhh: ttlllllum ur 
ll)'tlii:IUtllu unll• lllllllhelt Inferred cuttehiiiUIU Ill duttll!l, llllunlh ur 
the Cerro 'l'olttlo urc u~autnrd '" hnYf btfn erutllrd between tht 
lmi'Ur n111J lll'f'llt llnruJI!IIcr Tuff• [/Mkrllt'/ 11/., l'JHbJ, 1>11111 rttl! from 
litmlu~r ~lui, [IIIHO], S~lfrllll, (1\lHfl), Jl~lh••ttt'llll.[lllHb], un&lllm 
Wlll'k. Ujljlel' lltnll en ttte•llundtiJct lllllitnhtllr~ ?I I• from :;'""'' 
(IY:'II j, 

llt•ltlllrm.•IIIJ' 111 /1/tura'lh' lllltl QtuJII'r/1111')' /Ur,\•cJ/111'~ 

lthyolllh.: lnYn~. hll:ludlng the !:nldern•r,,rmlng lowr.r und 
UPJ'er lltmdl!ller rh~oHie lullil, were erupted n' dumea nnd UK 

lnpltrn rrmn J,6 Mu to nbuu1 13U,OOO )'cllrN ugll !Flttue·e 7) 
[Gt~rdllrr t!/111,, IYH6: Sl•l/r'lltl., 19Ho: II1•IIH'III'I rll., l1JH6], The 
nomunL:lnturcor lh!!Ke \'lltluuK Pliocene und Qu11tern~~ry rh)•ol• 
file unfiK rerlec:u &JiflimmceN In nge nnu locution, but hhoulc.l 
1101 ObNcllr!! lite fnct thtll llllllrl! tl!lllll!d tO the Je\'ellll'l1ll!lll of 
u ftlngle 111111111111 r)'IICcrn. Clwrulc:ul dllll!rcnce~ nmo11u lhe&e 
rhyolite" rcllect thu pr·ocmew l.ly whh:lnuch 11 Hyftlern evoll·eh, 

"delltlled C'Otllpllrlsoll or rite 1!1 Het:hueloH lthyolhc 101111 or 
the other Pliocene nnu Qunternnry rhyolites IN beyond the 
JC:Optl or rhla J'llll)t!r, A lntse Utl\OUI\1 or I!Dtiii'UIIIIonul dnln 01\ 
lhi!MI! unlla Ia pre11lntcd I>)' Gdralu1'l' 1•1 til. [ J!)H6], S••(( ,., 111. 
l;l!~ll6], 11110 llt•lkl'llr'tll/, [191!0], IIIIHic:ull)', nil of I he l,llocene 
und Qutill!tntlt)' rhyulhe~, with the J~ot~lblc l!lCI!JlHon ur the 
HI lte~huclo• IU!~ollle, uru Jlrobubly rulllled to lhc lltllldelh:r 
IYIICII1, 'rhc ciJmlbUIILIII 11/ld lllUjLit•ClUIIll!lll I!Olllf'UM!IIon• or 
llu: "l"'ll•llllllllcller l~nlmbti!UII" [S1•({1!I c1/., l9HbJ, which tlllltll! 
rrum J.o IO nhoul 1.~ Mu [Gurtilll'r 1111//,, 11Ji46], IUlCIIL'•I 111111 
they muy tCJ!rc•ent hmkR from u proto•IJundcllcr llliiJilllll 
t:ltunebl!r or from tnllfLIIIrt t:humbc:r• 1h111 Iuter coulc•cc:r.J unr.J 
uvalved Into the Utlltdt!llllr 111111111111 body [S1•!f 1'l e~/., 19Kl1). 
Slmllurly, the Cr:m> Toledo ltll)'olltc lulli und uomca, ~·hlcll 
were. urUJitcd 1>\!IWI!I!II lhe luwur und Uj!per ll11111.leller TuJI' 

[J/a·l~l'lla'lttl,, IIJH6J, II'Ctl! nl•o ptl.lbobl)•un lnletmedlntc •IIIIJC 
IMwrcn the 1~·o mr~ot crupUon• from the l3nndellcr mn~&mn 
cllllllliX!r. 'l'ht: Vullc• lth)•olilc, which conhhlh or do:IIC», nowl, 
111111 tulia, w11~ ctUJited lnalde Vulle• c11ldeto uner caldetll col· 
1111,~11 und lhua reprc•enh lute, IJCI\ctnll)' 4Uie•oenl eruptive 
JlludUt.:l" dcrl\'ed from the Uundcllcr niPfUllll chumbtr, 

Thc rucllhul the l:ll(echucll.ltl J(h)•olilc clo~el>• ('redlliC~ (by 
11.!l m.~·., fquure ?) the Cerro 'rotedo l~h)'OIIIe nnd wn• erupted 
lm thun .~ ~en uwny lllll.lhl •u"ueat thnl bofh uniiH were 
d~rlwd from u Nhtlllc ""'Hnlls ~:Juunbcr, CotnJ,OHIIIonnl dnla 
nrc nut llvrlnfth•e tl!llllti.Htlfllhe I'"~Hlble tcllltlon•hll' o( I he fl 
llel!hueloM ru the Cmu Tolcdn llh)'ollle, Although Himllar In 
their muJor•elcrncnl cornt•o•illun•, lhe~e '"'O rh)•ollte unitsurr 
HUhMIIItlllully dlll'erent In their 1moeooelemen1 can1paMIIIon•. 
Sjwdllcully, !he El ncchuclolo Rh)'LIIIIe """ lower lncompAI• 
iblt:•t.!h:llllll!l COIIII!IIIh (1.11 • 17-22 J!pm, ~'h • 2.1-:.t> J!JIItl, 
llh • 1~5-14? 1'1'111• Zr • 50-~1! pJ!m) thrill the Cerro Tolr.do 
lth)•ulht.' !Lu • 31·50 PJ!tn, ' 1h • 4.2•7.9 PJ!tn, Rb • 120..220 
J'Jltll, Zr .. 90-1 HO ppm [/ll'lkl'tl rr a/., 19116)), ThrNe dllrer· 
1!11~'1.·· 1\fl! CU!nfllll\bll! Wllh ehhcr (IJ derh'lllion or \he IWO 
rh)'olllcN rrorn ~~pnrute chtunbet• or !~} derh•utlon from n 
Hln1.de tnlllltnll c:humber In ~·hlch dlllim:nllnllon, c:ru•tnl inter· 
nctlunh, und the concenlrntlon ,,r lncomJ!ullble clement• In• 
l!ttm~e wflh tinu:. 

No Sr· or Nd IHOIL\plc dn111 ure U\•ulluble ror the Cerro 
Tlllt'dO nhyolllc with "'h/ch lo I!Wtluare lhl~ ~econd J>OUi• 
bllfly, Ho~'I!\'Ct, lhc lower llmll or lnillnl "'Sr/1 hSr for the 
IJundclJcr Tull' t"'Sr/"''Sr)0 :? 0,70511K; n. M, l.oemer nnd K. 
1~u111, munu•c:rlpt In prcplltllllon, 191171 I~ »ll~,~ohll)' higher tluan 
llw El Hr.chuclnH U"'Srt•~sr)0 oo 0.70SI7~.70Sii6; Tnblc 3), 
ThiK &JIII't:rcncc I~ Nmnll cnou~th thttl the li11ndcllcr Tutr (lind 
prcNumnbl~· niKo lhe Cerro Toledo lth)•olile) could be dt:ri\'ed 
from lhc ~111\IC tnllll.ll\11 clmmber from which the 1!1 Rechuelo' 
J~hyoJhc: WIIK Lf~rl\'1:\J, 

Nc:1•er1hehm, ~~o•c: prefer lhe flrKI ullernulil•c, i.e., thul the El 
j(cChiiCfOK III'IIN dcti\'ed ft0111 II KCJ'IIIrUtC C:hllmbet, beciiUiie lhc 
Nd i~oiUI'ic dutu int.llcute I hut the El l(cchuelo5 lth)'OIIIc wn~ 
formed In I he luwcr c:ru.r, wheren• the Cerro Toledo Rhyolite 
IM refitted Ill the lfundeller t:luunher, which formed In the Uf'pet 
cru•l rsmlllr, IIJ71J: lf1•fkr11 ,., 11/., 19116), Addltlonul chemh:ul 
und l~~>tOJlh: dull! nre requited for lhe Cerro Toledo Rh)•olllc 
und for the Uumlelicr Tull' \)(fore the f'Ohhible relnllon•hlp of 
the El ltcchurlns 10 other Nrojtcnc th)•olillc unit~ can be 
ht:llet cllnmulncd. 

StJMMo\ll'' 
In ~Utnlllllt)'• the three cpiJodc• or NcOI.ICile th)'DIIIic \•OI• 

cuni~m in lhl! northern Jcrnc1. l•oiC~~nic llcld (lhe curly, Inlet• 
rn.:dlutc, 11111J HI J(cchucloh rhyolitcw) n:prer.ent three ~~eparale 
IIHIJUI111 hulcheh, The c11tly (7.S Mn) und Ell~echuelo' rh)•olltt~ 
rnnd, l'>' ur\nloJt>'• the lnlcrmedlale (S,I! Mnl rh)'olilel were 
Jltllhuhl)' detil·cd frorn II b11~11h (~Uch liN !he l.obi\IOJ b)' frDC> 
tlonnllon with cmu:omlllllll ""'ltnlhtllon of lower crual. Thu~ 
IMKt ll~el~·, lhl! m ltechuelult 111'111 erupted from R separ111e 
muttmrl chumbcr dcrll'ed rr"rn the: lower crual ILIId Willi nol 11n 
Clltf)' jm:aJUC:I of I he llnndellc:t 11111~11111 ChllnlbCt, eYt:n lhoU(th 
II \\'11~ crut"cd Huon bcfure the Bundeller und during lhc pro• 
lliii(ICd llt:li\•lt)' ur IJuncJclict•ptccuriOt thyolftcH (prc•l111ndeJltt 
ltlllllllhti!CM [,Sr((l'lll/,, 191!(•)), 

The 7.~~~.0 Mu 11/lt: ~pun of rhe~e th)'L'Iill!li indlc:nlea lhAI 
rh~·nllth; I'Oicunfhlll l)t.:IIUrted lhtOU)thOUI II long p11rt or lhe 
lllallm• of !he Jetnrt l'olcunh: field north of lhc Vnlles und 
'l'1ll!!d;, !:atiJetnh, unJ nut ju~t c:lohely prccedlnJt the lJ11ndellcr 



1.mnu11 nAt .. : NHw.t~'ll' ltu~·ul.l"tt'.' uf -rtu· NuMrtttkN Jt!~U:t. 

eruplfun~. Tltl~ wurk 1:on11nuc:s lite: IHOI:C:~1, btgun hy Clrtrt/11''' 
.. , '''· [1\IHII], .'i&•/r ,., Ill. [I<JH(J), llllll IJI•Iki•ll ,., Ill. [IIJMI), ur 
chtrlrylttg thei ~tmll~trLiflhl&: rclulluu~ ur lllhuln~th: uulh In the 
Jc:nu:l wh:unl~: /ldll. 

th'lltowlrilll""'llll. We thotni. ll. Lu~dcltlllllll (l.u~ t\lurnu•l lur 
Milt ul th~ XIW lllll)llt•clctucntlllllll)lel 111111 lo\ Futut UStiStlur tltf 
Nu I•UtiiJII~ UlltU. w~ l~lltlltru rrutn •ll~~:uullllll ~llh f, \'. I'm~ 111111 
), N. (]urllllel, unll ltulll tU~IotiU ul thh IIIUIIUi~tll•t h~ (). lltli.rll, I'. 
\'. l'err~. K. llullr), 111111 1'. ~~~le, A lu~ull) J•llrtl~trntlun lellu~•hiJ• 
~runlrlllhll•llllh lhe inUJ~Iulcll W~,l~rll liiii\C,IIIet h) th~ U.S. lle• 
purllllrlll ull!llttll~ 11:101!1 Jllltllully '"I'JIUtlrll Lt~rtlrt'• woti. 111 1.111 
.\lutllllt. Vunllllllll 11111.1 lluluriUjiC llort~ •UflfKirl~ll h) lhr (JIJl~ll ur 
lla11~ Hl!tftl) S~lcn~c• "'' lhr IJOI!. Sllulhlulluh \Ioiii 1Uf1I1Uttrd h)' 
Nullullul So:IC'IIO:<' FuunJullun jttUitl I:AH•7K•IIH~ 11111! h)· lhot Slule 
of Ml1u1111. 'l'hh th~ulllr •llnly 11 l11ttt1l un Jll~vluu• ~~~~~ tl~· It 
llall~~· Utili lui\ l~llfilltllllrtlltl) 1111111 hit ~UIIttihUIIUIU. 
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