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Thtt l"~erru Toledo Rh~olltt l'umpri!ln a 
aruup uf domn and tephra whidl "'~ 
c.-rupted during th~ inttr' al btt'lt'tt'R t'lll·o 
l"aldl'l'a-furming ignimbritn. I hit T shi~t 
~~~mbl'l' and ( )lowi ~ember of till' Banclt!litr 
Tuff. in tbt .kmez \'okanlc F"~ld. ~~'"' Mnko. 
To pro,·idt a t"hnlf!Oiuak framtwork for po
chemkal and isotopk studies on thnt rhyo
lites. 'lllilich rrc:urd tht e\olution of dw Ba-. 
ll~tr magma ~y'lttm durlna this lnt~tn·al. a 
•.\rr"Ar glt0Chn1nuloa.t study wa.~ unckr· 
takl'n. Pum~ from major p~·rnclaslk fall dlt
pusits 'ltithin the rhyolit~e lrphra and samplft 
from llw rhyolillt domts wfflt datltd as witll as 
tht §tratigraphlcall' bracketing Band~tliltr 
Tuff. Analyzltd crystal populations rangt from 
heing fairl~ llonloKeMOUSJu,enile material to 
,.~,~ heteroJ£~nruus mb.l'd ju\~enllt and 
u-nUCT~·stlc a. ... wmblqes. In must ca"ieS domi
nant ~ruu~ ur ju,mile sanldint cr,-stals tkfiM 
•.-\ri·"' .. \r Bill'S •·hkh 8IJ'ft •·ith srratiiJraphlc 
ron~rain; L Plagiudaw analysa a~ distllldly 
no~ !!Cllt·ef'l'd and do not typically dtftnt rta• 
~ mable aats. Thtt •.-\ri-" -'r aets for IM l'llloo 
1 nrmben r "'the Bandel~r 1\Jff yield an inl~tr• 
'.:1 of Jl1 :t 20 k.\. bet,.·Hn thn~t cald~tra· 
f<JrminR e~:• ptiun~ During this inin,·al niM 
maf~"' pyro · 'il~tk pumkit units Wltft' ckpositl'd 
in IlK .tt· lions studied, for which six yi~eld 
i.§ochn " 11Jft. IKK' a wl'il!htltd nwan qe. onr a 
mnimpr ajle. and 001.' no rrliable aae du.. tu 
lr ck ol!~a !dint. ""Ar!"-\r dam on pum~ faH 
unil~ •· Tthin the ("nru Tolltdo Rhyollt~ tephra 
ir.dlcat~ that rrupth~ acti,lty occurrrd at 
>I$.-~. Ul. 1~'7 and l.ll Ma. •Ar!-"Ar 
dar ina of Cerro Toledo Rh,olll~ domts indl· 
cate thell' "'"" Pruptl'd within ttw cald~era at 
1-~· 1. .. 5. I~~ I~"'· and 1.27 \Ia. The datu 

• Pr.-... nr ~Lidre": S~ll O.:p~omrnr n! (",........:,. 
rn~t· I nl\<t•rl\ "' '<"'""~ J~ll~ \lo~nlanLII'an· 
,. J\ u• \ .. }!~•. -.. ... , ad.J 11'1 I~ . 

obtainl'CI indica a~ that uupth~ acth ity· oc· 
currl'CI throughout tht 380 k.,. lnt~tn·al bit· 
t" ~ abe two members of tlw Bandditr Tulr. 
but suget that ~ruptions producing both 
tephra and dome uccurrrd during discnU ln
ttn·als ate&. 1..5-l. 1.-18. and I.J8...1..34 Ma. Tlw 
inttnal from 1~\.1 to 1..38 Ma was particular!~ 
act!\~: 7 oll8 units dalltd arr theslt aps. 

I~TRODl"liiOS 

The m ... ·hari~>m~ by whr.:h ,,Jro.:rr: ma1ma 
.:hambl:r.. art grll<'r.ued and e\olve continues to 
he debared re.~ .. Smirh. 1'17Q; Hrldwh. lqlll: 
lrpman. 1q11.1. Huppen and Spark~. lqi!M. Hall
rda~ <'I al.. 1~11'1. Chrr~ren~en and ~Paolo. 
liN~; Da'JeHI al.. 1'194: Bo~ilill'd. l'l':l!ir Erup
lron rnuerrntz e\·enl). proo.:e)~) of .:rysralhlll· 
Iron "'nhm lhe ma11ma ,·hotmber. and rile 
lnnJle' it~ of l01ri!e upper o.:ruMal mat~ma ..:ham· 
bel' han hcen rm.en.ely !>ludred. but a~ bur not 
•ell undcr.rood. Mulucyclk: o.:aldera ')stemstn 
"'htr:h the produ.:t' of po,t,·nllap't 'ulo.:anr•m 
art pres..l'·ed prm rde tilt Jlllltnuai for ~lud) '"I 
the..e prno.:<.'"e' rn d..-1a1l .. Volumrnou~ 11n· 
rmbnre' rt~·nrd rhe ··h;lf11Cien'"'"' o··rhe mattma 
•·ham her ar an rnnanr rn lim<'. "'hrrtos' pnsto.:ol· 
lapse "'kanr•m record• remporotl cvuluuon of 
rhe ma11ma -~·•rm and ma~ ~reid fn)1Jhl5 rnto 
the tr:nNIInn• to and I rom th..-se larl!e erupuOil!l 
and caldera o.:ollaploe .. ,enh. Gaud cl\ronolollrcal 
nm~rr.unr' om. lnr e>,.rmple. roste' of dift'erenlla· 
uon and 11mrn~ "r n.•o.:hafF..- ""'enb. ;sr<' .. ,.,..nual 
lo rhe rnttrpreraltnn of t!<'ll<:hemrcal and r!\Oiopro.: 
data lrnm 'u~·h '~'rem~. 

The VaiJ<.',·T•>I<'do ~·aldl.'ril r:nmple". hx:atrd 
nl.'ar Ilk- .:enrer 11f tht' J..-m..-1 \'okanro.: Freid 
rfill. I r. pnl\"rde' an rdealopp.munn~ lor ->lud)· 
rn@lh<' <."Oiulloo or "here matrma ~~Mem• a'~ 
.·raled "'tlh muhiL"}dr.· .:aldera ··omploe\. nu,. 
'' heo.:au-.c ttl.. pruduo.:b of '"'o l·ald<.'rOJ·fomuns 
rgnrmbnte erupllon' a~ wdl a' p<.~lcnllilJhC rh)· 
olnedomr' and to.·phr.r art u.ell pre,...rved and ell• 
po,...d. In rhr' -rud~ "'e 1.'\amrne the felx:hrunol· 

•'ll~ ,,rrhe Cerro T•Jie.lo Rh~olue. a -e~uent~ uf 
-mall·•olume p}rc,.·la'IIL" rc,.·l.,, an.J .J,,m .. , · 
"'hrch "'e~ erupted dunr.J.I a .~IIIII...). rnlel' al he
l~>.een two cah.lera-fnmuntz •A~nrmbrn .. ,. rhe 
Otn .. r Member Bandeher TutT ''''"<'r ,lrall
ll'aphrc unit . .:a. I.M M:u and the T'hrre1e 
\temher Bandeher T ul't'r upper ,,r.nrllr.lpllll: unn. 
c:1. 1.::!3 Mat. ~ n'lo.:k~ thu' rt.:ord the .. , lllu
uon of the m~ ~Jo'~lem fmm rmmedrard> tol· 
lc>wrng 011<' ··aJd<'ra coll:~pse l"\<'nl unul rmmedi· 
atdy pnor to the rtelll c;aldera o.:oll:~p-.e e'·ent. 
~me pumu:e I all unih ~ ithin the Cerro Toledo 
Rh~olire rephra. nrnt Cc:rro Toledo Rh>ohte 
dnmes. and the bracl..eunll Bandeher rutf~ ~·e~ 
dated b)· !he <~tnJ!Ie •'T)srallaser l'u~ion ••Ar/ .... :V 
techni4ue. These d;Jta form an rnre~r.al p:~n uf a 
prehmrnar)' t~ecx:hemtcal stud~ tSp..ll <'I al .• 
I'Nfll and "'ill be rniK3Itom~derarled tutu~ 
,. or\ on rhe Bandel~r ~diCK maJ!ma '~,,em. 

The: Jemez \'okanrr: Freid •~ loo.:ared rn nunh
,· .. ntral N<'" M<.'~rco on rhe ~estern maf}!rn of 
the Rro Grunde nfr 1 FrJ. 11. T11e 0\'erall 'rructu~ 
of rhe prtsent-<ia) \·ok:ank field i• donunarrd by 
ha\aluc 10 rhyohllt \olcanic rt'lo.:Ls of the 
Poh·adera and Kere~ 1roups. wh1ch form the 
broad ~hield upon ~>.htch younJer \lhttt vol· 
··:~nr~· rocb or the Tewa Group "'ere truptc:d 
1 Barle~ et al.. 19b9: Gardner and Gull'. 1984: 
Gardner er at.. I'IMfu. Be&inmnl! at ~.:a. I K!l ~a a 
-en<'~ ol uplo~rvc rh)oliuc eruption~ 111:turrcd. 
The fit)l uf the,... produced the Siin DreJO 
Can) on rgnrmbnte~. ~>.·hrch consr:.~ of l~>.n -mall 
r< Ill km-'1 units 111 )traus:raphrcall)' lower umtA. 
and iln upp..r unn B.11hat were venred from a 
'ource otrca bl:ne ath tilt Valle~ c:~ldera c Self cr 
al .. 14Mfl; Turbevrlle :1nd Self. 19KII· Spell et al .• 
I 9Qfh. These were followed by rhe Bundeher 
tufh. which repr<.'.ent tfl!\0 km' ol rhyohuc 
matrma rKuentz. 1'18fl: Balsley. 1'1MMI. The 
Oro~r Member wa~ erupted 1.60M :t O.tlllt Ma 
and re~uhed in collap!>C: of the Toledn,·aldera. 

MAR 2 6 1997 
~'Yh 

. .. ..... .. . ... -.... 

\\11\1\ \\1\\1\1\\ 11\1\ \\1\1 1\11 Ill\ 
14014 



Valtea-Toledo 
Caldera Complex 

""''.......,._ -·"" 

i 1011m 
' ,~ 

... · .. ,, -........-::; ; ,-

SPELL ET ~L 

~···· 

'~:. _ _.::::__.J .. ...-"' ... •' .., .. - .-· ) -if:' .. _..... Aai:OI .. 

or" - • .; 

• 

--
• 

• \.....Sec-. 0. 1!1 
( 

' 
- 35'005 

N 

~-M~XICO .r ' .-a 
'-

Fiau~ I. (rt-oioglc: map ul Jemez \olcank Field showlnxlocation of Cerro Toledo rh~ulilt tCTR 1 dUIIIft 
and rephra 1parr1~· afltr Smlrb tt al- 1970: Heikm et al •• 1986: Srb and (;unon. 199Jt. Rina fr11nure 
post-\"al'" ('aldera domt5 •~ shown as unpiiUerned. Cerro Toledo Rbyulilt dolllt!i ~""'" b~ "~-kW 
piiUtrn. M~ l'erro Tolttto Rb~lllhr ttpbra uuttrop5 indlca~H by noss-hatchtd pan.-. Bandelier Tuff 
b tllpuwd In Ia flit outcrop a~as to tilt east and wat of lbt caldera. smaller outcrops art' ru rile nunh. 
i.OUth. and ,.·itbln rile \al'" Calda'll and Tolft:lo rmiNiy111tnt I not sho,.·n for darit) t. Location of Cenv 
Toledo Rh,·olltr tephra section.' 6 and I~ in Pudalo canyoo and sampk lucalitin for the Bandelier Tuff 
sam.-• Kuentz. 1986: Balslt). 198111•~ indicated. · · 

w~IT:a~ ~ T ~h•ITI!t !\lltmbtr. ,.,. upptr B:andr· 
htrTulftT'hl~ Mrmhtr BandthtrTutft. wa~ 
erup!N 1.:1:~ :t 0.11011 M:a and IT"'JIItd in forma· 
uon of tht Vall~ c:aldtru ar a ntarl~ ~-,,.nc:•dtnt 
ln&:all•m tSmnh ;md Ba•lt~. 1~: Baile) el al.. 
1%~: HttLtn t1 al .. IQIIft: Sdf et al.. 1911tll 
Rh~ohre .!omt> and ,..,..,·,ared .:phrot.l~ Cerro 
Tolt:do Rh~ohtt •tiT erupted c •nn1 rht inttnal 
1-otr•·ttn rht Olo'lll Membtr •· ·1d the TshtiTJe 
~1emht-r•Gne~"'· I 'HI-I: Batk~ cor .11 .• I%YI. PIT· 
...-n-td Ccorro Tolt'do Rhyolil• dome" l•ome 
wc:-IT hkcol~ dt"rn>yN during lh ~-ollap~ of the 
Val~~ ,·;llderal art "lu;attd m lh•· .. onhea<~rtm 
h:llf of rlk \'alit• .·aldc:"ra ;md 'lllthm 1~ Toledo 
c:-mhayrnenr. w~rt'a• ~ tephra~ are ex~ m 
~·an~·on~ ro 1~ coa"r of 1~ .:aldtra 'Fi1. II. Post• 
~·nllap~ rh~nhtt• c>f lht.' V;tllt'> ,·aldera art m· 
dudcod '" lilt' \';aile• Rh~ uhtt Fmmauon and 
.:•'""''' d•>nunanrl~ <>flll!!h·••h.:a rh~nluc •lnmt\ 
and """' rGr•u\. l'lh-l. Batie~ c:-r al.. l%'1: 
Sf'C'II Jnd K~·lco. J~R'I; Spt'll er.d .. I 'I"~ I 'llhu:h 
ran;; ~~~\' fr••m .:a. 1.1 ~ ~a to .:a. ~1\....NI ... 
tSf'<'•• .. nd Ham•nn. 1~.~- Rl'fl(au c:-1 al. 1~1. 

1lk' ftN K -~r Bt'<ll."hrtmuln~~· on rh~ nine' of 
rht V;<lle• caldtrll c.-•mplco\ 'lla• rcoponed l"r~ 
Dtxll and Dalrymple c 19M 1 and the cnmplcott 
data~! 'lla• ITporttd ~ O.ldl coral. 1 I%H1. Tlltlf 
'llllrL ·: teld..-d agco• .,,. 1.1 ~ ~ (I m ~·a for lht 
T •h•regr !\lembt'r and I -l:'i ~ 11.116 \t;a fnr tht 

Otowi Mem~r 1 all error.. a IT ouortd at lh\· , 
lf"'TI: aJt-o otT adju•tC'd. 'll ~rt ~'l"~.1u ~·on
f<lfm lltth 1~ d«ay cnn<~tanh and ""''JPit; ;,hun· 
dan.·e• re~·nmrnended l"r) Stt.'l~cor and Jllgn. 
J«,1"77)tT.Jhit II. 

"''Arl'" . .,rdaunl llftht.' Ban.kh..-r Tulf ;and San 
D•co11o C;m~cm igmmtllitt~ 'll·a' rtpnnC'd b~ SJI(ll 
t1 al ' I '141111. ,. ho ••t>raml'd -'fc:"' of 1.1-' 
:t (I fl~ Ma IT~h•ITFe ~1..-ml-otn. I ~I ~ 0.0~ ~t;a 
1 01<>,. 1 Meml"ttrt. and I 711 : II Cl7 .1nd I. 7l' 
:t 11.114 Ma for San OltJO Canyon r~mmbnrc:-- A 
;and 8 IJ<'IVoer 01nd uppt'r •lrolll!liOIJilll, unll>l. rt• 
,~·m·el~. The.e a reo• "'trt ha•c:"d ,.,... an 31'\" nf 
17 'I ~b for the Bem J !\II mu...:cn lit •101ndo~rd 
fmm tht mttrluht.Jrottor~ .:al ibrauon of Dal~ mple 
and lanphtrt 1 1q111 In ordtlro dirn.,ly ··om· 
part rht 41 'Art"'Ar a~'c:'\ .. rSpdl er iii.II<Nilo wtrh 
th•"e rep.m..-d 111 rh•• •rud~ rhco~ mu~r I-tt m· 
~-rea....-d h~ .~.IJ<• ~au...- Bt'm -1\1 ha• .1n ;a!!e of 
ll(.fl ~1a ~lall\e Ill ::!7.'1 \ta tor·~ F"h c .. n~on 
Tuff •amdine •land;ard u"ed here • Hurford ;and 
Hamrnero..·hmtdl. I QK!'' Th•• ~ 1ekh ;ag.:~ ol 1.1 tJ 
:t 0.0~ \ta. 1.~7 ~ fl.ll.' Ma. and I ~~~ ~ 0.()7 Ma 
for rhe T'hirere Mem~r. o..~"'' Member 01nd 
San Ott'!!ll Can~on •gntmbnrco,. "'Jit'L"IIvd). 
lzen Jnd Obrotdll' ·~·h 'I',IQ.II rtpcmc-d ""Ari"'Ar 
agt• ''" ''"'er:ll Jemtl rh~ olllt'> rndudtnf rht 
T ~hilT!!\' !\llemht'r an.J Otn\lo 1 ~tcomht'r. Tllt~ c>b· 
laintd ,.tighrN ITIC'an agl"- ••f I :!.J :t ll.ll~ Ma for 
t~ T 'h'rtl!t 1\.1..-mht-r otnd l.fJ.~ ~ IIIII Ma ll•r the 
Ort>ll 1 !\llcomh.:r totdtu,rtd ro .1n :1~C' "' ~7.<:1 \ta 
for rht.' Fi•h C ;an~ on luff "'"'dult:' 'IJnoJard 1 

A •ummal)· or publi1ohtd .:hrnnolt•a:•cal data 
on 1~ Ccorru Toltd.1 Rh~olne 'llot• !!"~" h~ Stl\ 
coral. c JQRI!I. brn t1 al. '19111 1 rep•rr..-cl K-.~r 
aJc:"' on a unit of rht Cerro T,lltdo Rh~ohtt ro
"'ard t~ middle:' oflhe >t\.1Km;all\J,m ;a unit near 
~~ rop of the "«lion of l • .J7 :t 11.11-1 'band I.!~ 
:t 0.0~ !\lla. rtSJ'I.'1i\-ely rT;ablt It lzeu t1 al. aiM~ 
rtpnntd rirron fi"""' rrad. a~t• of 1.~'1 :t lt.IWI 
md 1.-'fl :t O.Of> Ma for tht• .... mple. Su, c:-1 al. 
I Qll~ll ~p.mtd a K • Ar i!Be of 1.!' ~ :t 11.11-1 \t;a '"' 

.1 'ample from l>lr:tliJr.rphic: le\·tl ::!7 rTable 11 . 
Add111onal al!e data. >ummarized b~ Sti"' t1 al. 
1 191!11 1. from rhyolite:- dome~ of~ Cerro Tui\'Cio 
Rh~nlire rhal tna) provide L'hronoi••F•.:all~l> 
"'nh rht tephra.\ ;are disc:us.~ bekM. 

A ~traliJraphtc: ,·bronoloJ> ~''"the K-Ar 
age data fmm Cerro Tolnlo Rh)olitt tephra j, in 
Tah~ I. T11t data •UJ!Jtsrrhal tnOIT than half,.,.. 
the Cerro T,llcdo Rh~ohre ttphra •lrallt:raphic: 
~llm\.'t m rhc >t\.,ion." "iludtN wa, c:-ruJliN c:a. 
1.3 Ma: 1~ K·Ar aJe for lbt OrGill ~1emht'r and 
strall!lr.ipluc ltvel" :!~and :!7 1 ntar tilt.' m•.Jdle '"" 
the ~e'luence 1 art mdt5linJui>hal"rle ar rhc ~o 
ltvtl. An apparent hialu" of .:a. ~I L.~. apptilr' 
bl'r~o~oeen lt:vtl :!:! and rhe nrxr dared hnnz,m. 
le\col .J I. ,.·hich has an :IJI." tndt•llnFui•hOiblo: 
fmm rht K-Ar a1e ofrhe T!>htiTt!e ~kmht'r. 

VIETHODS ASD 0.-\T.-\ TRE.U\tF.ST 

Stnt Phman rumi.:e fall unu• "rrlun tht' 
Cern• Toledo Rh~olirco cephra .Jntl 1111'1\.' C~m• 

Gcoolog•~·al Stll:itl) ol Amc:nca Bullelln. lX\:cmhtr 19'16 
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Toledo Rh,olil~ dome'" nhan 1he \'alln-Toledo 
cakkro~.:o~plc' ~A.~re sampltd tFiJ. I. Tabln I 
and ~I. 1k pumkooe-fall .am~ were collected 
from I~A.·o '~cuon" rfl and 1!1. locared 1.~ km 
apart an Pu~blo Canyon t an order 10 sampl~ the 
··omplete C rrro Toledo Rhyolire straripaph)• be· 
I~A.·ecn the 1wo membel'!o ot the Bandcher Tuff 
and ;are .-onsidertd ro repm.cm the most ~iJnift· 

.:ani crupll\·e ~v~nl~ pre~rvcd ... ·ithin rhi!i se· 
~-ooe r i.~ .. the on~l of o~n ~rupion withtn the 
,·aldnar. 1k Cerro Toledo Rhyolite 1cphra con
-•~•~ ,,t' Plinran pumkc tall unus. phrealomaJ· 
malic fall and ~UI'!t ash beds. and epicJa,tic sed· 
rrnenrar- rocks 1 Sll!t. ~t al.. 19881. The tephra are 
domin.1~11l~ phen.xryst poor. containinJ <Sii 
cf) stals: the major pha!oel> are quartz and uni· 
.line. and plaJrocla~ •~ u~ually constitutinJa 
minor pha.w tSIIll ct al .• 191181. Most units con
tam ~parable amounts of !>anidinc. and this wu 

rht pnma~ phut analyztd. For unils where 
o;anrdinc was sparw. both ~nidinc and plalio

da'iC ... ere ;mal~·ztd. Dome samples ranJC from 
ncarl)· aphync to phenocryst rich t•lS'll: most 

have -~c•-1~ p~~'ll!l. Cerro Toltdo Rhy· 
olil~ tephra Ymplt!l were dartd at the Australian 
~ational t:nivenity: and dome s;~mpl~" were 

dated J. the llmvcr.;ny of Houll<on. Anal~·tu:al 
procedl.-n are diSC"u!'r.cd lf·~pal'DI· I) bekM·. 

Mino raJ separatn were pep~ 'ed al the Aus-
\ j ; ·1··\ II 

tralian ~atj~a! l!1f'l~~\tY:: tj~, hered pumrce 
clasts 1•1 to-~·"'!'~ wer,: wire bru~hed tore
mo"e 5Urfa.t~ marerial· ai.d lhc -, crushed. Ar· 
proxil.iBiely 10-30 c !asts we~ used for each 
separate. Whoti -rock !llllnpln;..,. :·re cru~htd and 

sieved. Sanidino and pla1iocbsc were ob1aincd 

by standard hea ''Y hqutd t«hniques fol&owtd by 
hand pick inJ. 1 nd were ultrasonically rreattd rn 
dilute HF 17'llfor 10 mtn to rtmo\·e adhenn~ 

rlan. Scparatr d c~stals ranred rn SIZe hom 

..0.~ to 2 mm ;.nd ~·ciJhtd from ..0.!1 t\) !I mJ. 

Australian National l:ni..,ersity Laboralor' 
Methods 

Samples analyzed at lhe Auslrahan l'auonal 

liniversny were wrapped in Sn foil and stacktd 

in a silica tube for irradiation. Samples were al· 

remared wirh f\uem:c moniiOB Csrandard mrncr

alsl. 92-176 ~idinc tKparated from the Fi~h 

Canyon Tum. such 1hat •S mm ~parated nu
ence monitor positions. Loaded :.ilic:a rube,. ... ere 
pa~·kcd in an AI irr.&diillion contarncr hned "'nh 

ll.~·min-rh•c:k Cd for 'lhael.lm' aramlllthtrmal 
neutrons. Synthetic K-beartnJ Jla,.!IIUbtarned 

from B. Turrin.l!.S. Oeolotzical SUI'Ve)'l and 'IJI
ucaiJrade CaF. were tlll.'ludcd in lhc irr.Khallon 
packa{!e' to monnor ncutmn mdut"Cd llfJon tn
terterence~ from K and Ca. lrro~diation!o 1 ~(I h1 

done '" the X33 or X34 JIO'Iilion!o adjaccnrto the 
'"·ore of lhe HIFAR nuclear reactor at lun .. 

Hcrrhts. New South Wales. Sample conlatner. 

were inventd three lime' durinJ the irradiation .. 
rn order to reduce ncu1ron fluence Jradientll rn 
hoth the horizontal and ventcal dimen.,iorn.. Cor

rection t'a"IOF!i determined b) repe.tlcd il>lltt>rll.' 

an11ly~i~ of trradialed K Jla!'' and CaF. frat!· 
rnents were: 1_.1Ari-"'Ar"-: • ~.!17 It 0.191"x tn·= 
urrodiarion can K7911/lllll and 1.11-t I± ll:~tll 
,. 10·= r1rradia1ion can K7WI821.1 "Jt>A.rt'" Arlc· 

= ,:I.~Cll± O.lol1 x I~ and I "'Ari·'~A.rl<"• • 7.Kfr 
1± 0.011 x 1~. J factor. were dclermincd b~ 
la.~er fU$10115 of 4; 5 sinJle cryslals c ..0.2 ml! 1 of 
the: Fish Canyon_i"uff santdinc slar .:lard. ~ h1~h 

yic~ldtd reprod111.~>ility ofO.IJq to ~l.45q l!otan· 

dard d~viauon ot· populalionl al ca.th 1~'1-~1. 

within the ran,e Cl f man spcctrome&er analytical 

errof!' for indivi<\\Jal anal)·~s. An (nor in J c'lt' 
O.!V-< WI!) ur.ed in aJe calculation~. Vuriaucm in 
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TABL£ 2. GEOCI'iAONOlOGY OF CERRO TOLEDO AMVOUTE DOMES 
AND ASSOCIATED UNITS 

S...... Come KIAI "'AI \OAr eMil t 01 
10 !Me a Dl IIOCfllan Mean We.gttleCimNn 
ws-2 Warm Sc:~nnga !.25,. o.CM· 1.m • o.ott• 1..2V. o.025 1.263 .o.on 
TE·I S..na de Tolllclo 1.331i a 0 018' 1 ~a 0.027 I 331i a 0 012 
TE·I5 Turtoey Rtclge I 24 :t 0.03" 1.3o'3 a 0.0161 1.351 a 0.0211 1.3-a :t 0.021 
TE·1 Unnamec!CIOme 133a0.021 1.3-a.:tOOtO' 1351a0.013 1.357a0.011 T1: ·21 Cerro 1lMqullar I .27 a 0.02• I .358 a 0 0121 1.368 a O.CMI 1.369 a 0.011 
TE·13 Soena de TeN«~ I 379 a 0.0121 1.387 :t 0.030 I 38fh 0.011 
TE·20 Los~ Eul 1.47. o.os· 1 .446 • o.ooe' 1.481 ., 0.021 1 477., 0.001 
TE-18 lndo8nPoont I ~a0011' 1 457a0.018 I <164aO.oot 
TE-25 los PoliC!I WMI 1 50 :t 0.05" 1 540 :t 0.0121 1.548 a 0.018 1.545 a 0.011 t7·31BT Otooo......,_, 145aO.Oit" l.fiiB .. o.on' 1.1144a0.053 1625aOoot 

/vofn. UnrvefSJiy 01 HousiOn oata.laoclwon aQM calculaled 11S111Q .._ JSOC!von 'lbtlo 11116111 
In rlklbne ana OtNibng outbefS 111"1111 MSWD ~ 2.5. errors inauCie J Mel MSWD WeigMKIagea ... ~by-,__ ollhll .. -.error. IIICIUde 0 5~ J W:IDr error. Mean ~gee ..-. .....,.,.. -a papulallOn ..naard CIIMa110r111. Mea111 Al'ICI ~~ere calcula*l .. ong model apperen~ -v- ana eduOe arwlyaM gr.ater 111an 2o from lhe ~Men BT. 6a.- Tull 
Alii/(JII.r,-Ar analyMS aN on llllldne. 

"Siucetai.I1IIUI 
·~~gee. 
'Doell et ... 11981) 
"IZ8Detal.(19811 

~utron tl~ aloni! the 31 mm lrni!lh of lhr Si 
ii'Tlldaation tubro. 111. a• <.\c,r. Tllr r:~~crllrnl rrpro
ducabilit) of thr •inilr apw tluei'ICC monnor 
fu~1nm andK"atn thai no •ipifacanl nrutron flWI 
gradirnt~ votR ~nt within andividual p.:-k$ 
ol'~!llal~ 

lrr.ldo;arrd ~tal,, IOJt'lhn with Caf: and K 
Jlils.' fra~~- wrrr p~ in • Cu wnplr 1111y 
'"tthin an uhrahilh ,.a~·uum r:~~tntetron linr and 
fu~ u."nf a ICI WAr 1011 la.'iCT. A binocular mi· 
.c-~lpt' and a ,.1dn! c-amr111 •:r~tnn wa~ u~ to 
'- •wnpbdunnl f'u~ton. Reac-tivr pst'!> "'l."l"t' 
f"t'mO\'td ~ a tn l '·• SAES Ff!cr prior to be1111 
adm111~ to .a VG.WIO ma."-' sptetromelt'r by n· 
pan~ ion. Thr rrlau~ n:alu~ of the ntrac:tion 
ollk' and mn~ ~~'lrornetrr allowed -ll:!'i of the 
lla' In bt ildmined to the ~ !ipti.'UOI'nt'lcr. Peak 
intensitrr' wert mra~u~ U''"ll a Daly photo
multiplirr c-ollrclor -~~!em b) peak hoppinJ 
throuJh ~n cyc:l~: inrtial peak heil!hts were 
drtenninrd b)·linrar rrpa'\ion to the tnnt of pa 
admis~ion. Ma'" •prc-rrometcr dismmination 
and "'"-'llil-ity wa• mon11orcd b) rrpealed analy· 
~i~ of armosphenc: arJon aliquots from an on-line 
air arpon pipenr ~ystm~. P&llliurrd llJAr/·w.Ar 1'3· 
tam wrn: ~111,1,1} :t 0.61101. and the appmpnatt 
dili<.Timinalion L""OrTt'\.'lron~ of l.ll,..~8 to I .OOS07 
1 I AMt: 1 werr applird to rsotope ratiO>i. 1M 
mra~urrd ..ensni"tt)· of IM mass sptttrometrr 
~~.·a.• •I.!." ,. 10·1• mol mv·•. Linr blanks wrrr 
..:~!«ked atirr eadl 3-~ anal~sn: thry a"rra,ed 
~.:'1 x ur 1" mol f•'lf mas' .W and ~~o·err undc· 
tee-table at rna."~ .\6, Mass sp«'II'Omt'lrr back· 
JI'OIInds wrrr mea..urrd beforr each analysis and 
the approprillfe rorrrctions rMdr 10 su~uent 
d:,ta. DiM:rimillltion. sen~iti,·it). blanh. and 
b -d;pounds wrrr rrl:ul"dy ~"0115t:lllt ovrr the pt· 
n •.. 1 of data L"'II~·tion. Final data rrdUC'Iion and 
llf' cakulation' ,..,.rr Jonr usin1 Ma,·inro~h· 
t·:Kd sotiwarr 1KArDatr1 .. nnrn at tM Aus· 

rralian :'llational t:nr"rNtt). An arr of :!7.9 Ma 
tSt~n.:cai .. I%7:CdJula.:cal .. ll,l86twasuscd 
lor the Fish Canyon Tuff Wlidinr tluei'ICC moni· 
tor in calculalinl qes for samplei. 

linMntty vi HOUSfOII Laboratory Melhods 

Sampl~ analyzed at the University of Hour.· 
ton wert wrapprd in AI foil and stac'kcd in 1 6-
mm·inMdr-diameiCr Pyn:" tube. Individual 
packets avrra,cd 3 nun thic-k and fluencr mont· 
IOI"lo 1 Australian National UnivrrsJt)· 9::!-176. 
Fi:m Canyon Tuff !>lnidinrl wrrr pta..~ approll· 
imatrl)· I."Vt'r)' 6 mm aton1 die tube. Loaded sil· 
ic-a 1ubrs wrrr pac-ked in an AI C"onllliilt'l' for 11111• 
diarion. Synthetic K·brarinl Jlau toblained 
from B. Turrin. U.S. GroloJical Surv~) and op
tical arade CaF. werr inc-luded m the 1rradiation 
pad.:qrs to ~nitor nrutron mducecl ~on in· 
trrfrrmcrs from K and Ca. Sample' wtrr riTidi· 
ated for 5 h in thr 03 posttion on thr corr rdJe 
cfurl rods on three sides. rnodmttor oo thr founh 
side 1 of lhr I MW TRIG A type reactor 111 the Nu· 
clear Sdri'ICC Crnter of Tr~tu A&M Unrvenrty. 
Irradiations arr performed in • dry tubr dnice. 
shirldrd •1ainst thermal nrutron~ by 1 !I mm 
thid ju"krt of B ~C powder. which rotatn about 
its uis at a rate of 0. 7 rpm to mni11atr honzontal 
flu1t fr.ad~ent5. Cnrrrction (DC"ton for in!CTferinJ 
nrurron rraction§ on K and Ca w~rr drtenninrd 
by rrpntrd analysis of K 1lan ..00 CaF: fras· 
mrn". Mra~urrd r'"Ar/-"'Anrc ~·alu~s wrn: 
<UJXIOI ~.alway' wnhan lo oi"O. thus no c-onec
tion tar the •lt(cn.pt"'Ar rraction was made. Ca 
CO!Tt'Ction factors wen: •·"'Ar/11 Arlca • ::!.75 
1:1: 0.(J61 x I~ and c"'Art·'"' Arlc, • 6.82 c:t 0.34) 
x to-'. J factors wrrr drtrrminrd by fusion of 
J-~ mdividual cryM.als or 92·176 sanidinr 1 Fish 
Can)'tlrl Tuff ~nidinr J, whim ga~ n:produdbil
itir~ of 0.1 !~'if to O.:!<l".f c I ~.d.t ar l."ach standard 
position. Varialion in nrutron Ou~t alon1 thr 

.. 
• 80 mm lrn111h of the s, trr:uliallnn 1u~' ~a· 

<7c~. An error mJ ofCI.~·; ,.a, u .... 'll tn ;~._...- •.al· 
c-ulalionl>. !'IOo si1nifk01111 n~utmn llu\ ~ra.lt<lll• 
~~~>crt prr...ent within indl\ idu;al JJ;k'l..~' ,,.. ,." ,. 
tal,. llll indicated by thr eJL«IIem rrpm..tu\·it>1id} 
of the sinJle crysral flllt'liC't' rnonncw lu""""· 

Irradiated crystalstCle!l'thrr ~~~>ilh Caf. and K 
Jl~s t'rapnenb wert placed in a Cu ~pic trol} 
in 0111 ultrahtlfl va"Uum ntracuon hnr and -.Cf\" 
fu~ UloiOJ a 10 W CO: la.'ICr. Samplb IA.col 
"~~."Wed durinJ fu,.ion b~· a ,.Kko L-.unera "~~. 
and'"~ posilionrd on alllOklrizrd ~ ~
Re4JC1h·r p.'iC!Iwrrr f"t'lll(1\"rd by a ~I L ,. 1 SAES 
rrner prior to brin1 admrnrd ro a MAP:! 15-!10 
ma55 5pt'CU0111t'trr by rxpt;~moron.lbt rrlilti\t 'ol
umt'!< of thr ~lllniCtion lrnr and n~a~' "'JJI."L"Imrn.:ICr 
all~· .. IJOii ollhr I!L' 10 be 'lOrd to the ntiM 
~ter .. ~ tntensn~- .. ar measurl!d
inJ a Johnston rlrctron multapl~r b) po:U. hop
pinB throush llrVen cyclrs: miual peal. liCipb 
wert determined by linear l"t'Jft'\"'lll'l to thr tinw 
of P.' admis.'iion. Mass !lptetrorneler d~-rimrna
tion and sensit~·ny wm rnonii.Ored b) n. 'pt':IICd 
analysis of aunosphrrK: IIJOO ali'jUOb from 0111 
on-linr pipenc S)'Slem. Measured •'A.ri'"'A.r ro11ioo. 
wen: :!92.9 :t 1.71 I OJ: thus di!K.Timination cor· 
Jenions of I .0008~ ll: 1.00369 t I :\Mt: •ll't'lt ap
plied 10 rneastiJid ~ r. :ioi. 1bt l~C~biti\·ir)" n( 
the ma!\S sprc:b'Oinctet vo·;.s •1.6 x to-1• mol 
mV-1. linr blanks wen: c-Mc:k~ ;~t\er c-adi 
)analysrundaveraJedl.lx 1Ct" 1"molfor~ 
40 and 2.4 x 10"'" mol for rna~~ 3ft. Di'C'I'imina
tion. ~irivity. and blanb ~·rrr rrlati,-el) ",. 
stant 0\'t'l' thr period of dala C"OIIcction. c ompult'r· 
a01omatcd oprration of the sarnpl~ sta,c. la.'ICI'. 
utraction line. and mass spechU11'1t'ler as vodlas 
final dala reduction and Ill' calc-ulations IA.CR 
done mini Macint05h-bued softwarr written b\· 
A. DeinocUniversity of California. Bnkeln-1.~ 
a,vc of 27.9 MatStevrnet al .• 1967: Cdtul~etal.. 
19861 was used for die Fish Can'r"On Tuft' !lllflidiae 
tlumce monitor in cJ~Ic:ulatin& ~lfll for ,.;unp10i. 

Intercalibration of the • Arl" Ar dat ... 
Laboratories 

lnt~rralibration of thr Australian Sariunal 
l:niversrty M'Ar/-wAr dala with tho--r from the 
Umvenity of Houston Willi accompli~hed by an
alyzinl Ymple 17·31 tOt~·i Mrmbet-. Bande· 
lier Tum at bolh laboralorie•. Thr nutrK.~ mon
itor for samples run in both lab) was 9:!·176. 
which is 27.9 Ma !lllflidinr from rhr Fi:m Can\·c'll'l 
Tuff I Steven ~tat.. 1967: C~bula rt al .• 1986t. 
That idmticalrrsuhs we~ obtaanrd for the :apt 
ohamplr 17·31 tser belowJ indicates that ttw 
two datasWi an: dirrctly comparable. 

Dara Treatment 

A major adv•"lliB" uf dallnJ indi' idual ~ ... 
tals from uplosivrly eruptrd volcanr.: ntc:b i .. 
thar milLed cryslll populatioru. c:on,.l,.tllll! of ju· 
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Figure 2 t r\bo r and on folluwln11 pa~s). IS<X'hron plots for single cr~stal• Arl·" . .\r anal~!iH ur thr Oto" I :\tt>mlwr. Tshlrettt \lt•mbtr.and 
CrrTV Toledo:l!'. yolitr Ympla. AnalySt'S drftnlna thr bochron art shown by solid s~·mbuls """'~ tho.w ominfll art !lhown b~ U~Wn s~mbtlls. 
Error rill~ a ; shown at lo. Arrows on 34 Ar,.. Ar nls lndkatr rom position of atmosphrrk argon. ~utr thai !lllrnplt 17·31 tC )tu" i \lrmber1 
•·as analyzrl !111 both the Australian Nationalt:nlvrrslty t ASl't and the l1nh·rrslt~ ur Houston tl'oflh. 

\COlle f"htn!ll.'l') ''·'· altt'red ~·r~ \lal~. ;~nd 'eDC\· 
,n~t~ can br llknutie.J. l!kall~ thi~ "'ill all~ an 
a..:curatc c:rupuve ;~gc to be calculated ba)t'd on 
~~age~ of ju•en1lc phenocryst~ alone. pi'0\'1drd 
that thr} can he unambiguou!il}' identified. Two 
mcth<ods a~ u~d here IC\ as~:..' the homo,enr· 
n• of anal,· zed cn·•tal population~ and to idrn
tif~ JU"enill phe~ocrysts. FirM. sample mean~ 
and popul~ :on standard deviations a~ calcu
lated. Any,. ample~ rreatrr than lo from thr 
mean ~ eacludrd and a nrw rnran calculated. 
Weighted mean5 of these ~fined datasrts a~ 
ai!W calculattd usanslhr invene of thr variance 
as the: v.·eiJhtinJ factor tYounJ. 1%21. Weoghtrd 
mean aJ~ arr initially calculattd u~mg anal}'ti· 

cal CfTOI"i (lf'lly and a Cl.~r; J factor c:nor ~~then m<>l,!tnrnulo cr~·,ral pupulanon •~ o.ktmc:d. In 
incorpor.llt.'d by l.jUadraticl'll~ combinmr II '"llh .. nmr l'a"l'' ._,1SWD fall' frnm al'lll\t ~ .. ~ tu ht· 
the "'"~htcd 'tandard error. St'cond. 1~ochmn lov. I uron llml'""n of the la~r·uuthc:r. f,,.. 
aJe~ are cakulatrd u~in& a mc:thod outlillt.'d prt· MSWD lt.''~ than I. the •tandard intc:rrretauon I!> 
"1ously tlkino and Potts, 1~1; Spell and f.larri· thalt.he ana1~1ocal C"rron. have: l>t:c:n <l\tfl:!>lt• 
snn. 199J I. All analy!>t.'!o ;~rc: rrrre~sed on an mated. In thr ca.~' we find hr~ 11 ,, nltN likclv 
iso•:hron us in! lhr York t I %91 muune. If mean the result of lulvtnll a vel') homoJeneou' pc'J'III~· 
square of wriJhtrd ckviatrs I MSY 'Dits ~realer tiot of analy~s from ~mall crystah. ~'uiUnJ 1n 
than •:!.:'1 c indicatinJJrologic ,;ca~r 1 thr data relwvrl) lalJe error.. on each anal~·,b. ft1r ..am· 
a) mtJhl br caust.'d by the p~sen.:~. of ac:no- plr' that define ac~·~ptablc: i!oochmn .... the: ape 
crysrs 1 the analysis contributi -~~ rhr mo~ : to thr ;J~~~i error quoted tncludr' rhr O.~t:; c."m'll' tn J a." 
MSWD i~ ommrd and the r maininJ ,data,'!!: ~na.~an additional 'll.jU~rtXIl of!\ISWDcm'lt' 
gressed again. This proce~~ i~ ~ptated if~.' lO.• ccount for 'lt'allc:r m lhr data\~:!. 
sary. and the: result i~ monllc ~d visual!)· by u~ ·' '- .\nalyzedcl')~l:ll pclpulauons !~pteall~ mcN-t 
of a frequent'~ distnbution l"1agram. until, a ht~ nf • dominant ~rnup nf JU\·emle rh~ll<":r~ ~t,, 
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rhar ddinc rtw mspuvc ap. mtxed with a ksser 
1 mber of olckr 1xenocryiiJCI mel youn,rr ral· 
'' . ed'!l a) 11al~. and these ourliers am Identified 
a. .:1 mno'ed from the ap cakularion by lhese 
methods. In a r"· casn (!')"~tal populatiom are 
so hererosentous dlal aJe constraints mnain 
llnlbiJUOUS: this is disrussed funher. 

For mmt sampln a suffkient spread m l'lllli· 
osenac yirld amon1 analyse' aJiows reliable 
i50Chrons ro be drfined. and these are taken u 
~~inl the prrlerredase of the unilt~CCTable 11. 
For a ~ sampln the weiJhrcd mun .,e is pre· 
fc:rred; these 1ft pomred our in die nexr sectaon. 
We tmpha1ize thai in some cases these melhods 
of cakulann1 an qe muir in ~j«rion of differ· 
enr analysn: howevn-. rile CMrall ~r in 
qn b)• !he diffe~nt methods illusrrares dae aen· 
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mal a,r cohere~ of rile Cl')'~tal populauom and 
the reliabthry or the resuhs. Thus. the ~ubsmu· 
tion of ases cakulated by rhe allemate methods 
for our prelcrred mulrs doe~ 1101 ~•tzmtkantly al· 
rer lhe conclus1on' of thts !llud}. 

RE!ULTS 
'I 

Cm. Toledo Rbyolht Tephra and 
rl.aci Her 1\alf-Autrallan Natiunal 
v~~1 o. .. 

I' 

Ei( Itt fusions of sanidinl! crystals from the 
T:;hlll IC Member of che Bandelier Tuff Javc a 

.~V>:ry homotzeneous F •pulari•lll of \ix CJ)'itals ar '* . 1.22 Ma. and a IOi .I ran1c in ates from 1.206 
10 I .247 Ma I Table:. . The iHlchron analysi~ re· 
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sull5 in exclusion of tWO OUthCI" l~ples 
8/27-611 and 8127-7a) and yiclcb an. or 1.::!1 
~ 0.008 ML an inirial J{J.v/J6Ar or 28KJ ~I ~.9. 
and a mellin square of weiJhted devi<lan 
t MSWDI of 0.:! IFiJs. 2 and 3. Table IJ. The 
mean and "·eitzhred mean analy!oi!i ~uhl> in C!l· 
elusion of 8t:!7-7a and J!ivn llimtlar rel>ult' of 
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1.:!~0 :t: 0.007 Ma and 1.~ I~ :1: O.IIOt! M:a. rr· 
~pecti"d~ tTal>le 11. 

E•trh• iu'"'"' ,,f ,,m1\Jmr cr~ ,t;aJ, lr<>m the 
mtddle nov. unn of 1~ Otov. i M..-mbcr of the 
Bandelier Tuff 1 'ample 17 -~II ~·teld apparrnl 
age~ from l.:'iKO 10 l.h~~ \1a !Table h ~ 
i-.o..·hroo approach ytelds .an .sge ,,f I Nlfl 
:t 0.1110 Ma. inmal ~'.lllt.rt'-'Ar of ~-6 :t :!.:!.and 
a !\-ISWD of l.fl 1 Fags. I and :! l afler omminJ 
17~1-!la 1Table 11. The m..-an omlls the \Oimt 

analp•~ .and s•~e, an age of 1.611 :1: O.IXIII Ma 
and 1he corrrspondmg v.e1gh1ed mean i~ I .609 
:1: 0.0011 Ma cTable 11. Thne lhree ages arr m· 
Ji\llngu•~haNe empha~izing the homogenoui 
age~ of the analyzed cry">tal population. 

Sample 9:!-CC -01 i~ from thr O!ov.·• Mem~r 
igmmhntc ... ,~an a complcllly channeled OUI· 

,·rop an Cochiti Can~ on d. A. Wolff. 1994. per· 
-anal commun.t. A populauon of cirht anal}zed 
.antdine •"f) ~cab i~ hetci"OI!cneous. h:l\ling appar· 
ent aJc~ of 1.:'166 lo 1.690 Ma tTablc 31. An 
t..ochron rr~Jrrs~ usang all the data yields an aj,!e 
of l.tJO.l :1: 0.1).19 Ma v.·nh a MSY.'D of ~~.fl.£,. .. 
clu\lon of thrr..- oulhen c F1g. 31 rr~uhs an an 
i-o.·hmn 3ge of 1.601 :1: O.OIJ Ma. iniual 
"'1ArJ"'Ar of :!%.7 :t ~.:!. and an acceptable 
MSWD of :!.6 tnot shc>wm. The mean illc '" 
I 6:!11 :1: O.I)J:! ~13 wilh no ududcd data and the 
v.cirhc..-d mean is I.NJI :1: 11.014 Ma. These iiJC' 
arr indtstmrm~habl..- from thai of the Oto.a.t 
~1cm~r mtddJc llov. Unlit ~C abo\le I. 

Sample CT·q yi..-ldcd a ~·cry homogeneous 
populauon ,,,. 'amd1nc apparent age~ a"craginl!l 
•1.:!1 ~latfiJJ .. \.Table .'1- The IOanalyscsfall 
nn .an a-.~t:hron that de lines an ag~ ot· 1.~ I:! 
:!: 0.009 !\1a. an mlllill "''ArJ-"' Ar of :!9'·' :t I 0.6. 
.and a ~SWD of 1 7 •f•B· :!1. The mean and 
"'~•~htcd m..-;m age~ uf 1.:!0 i O.OIIJ Ma and 
1.~ I:! :!: ll.lk17 \1a. re~p..-cuvcl~. arr vtnuall~ 
uknli.:altTabl..- 11 and also include all anai)'SC!>. 

Sine -amdtnc cnstal• from sample CT·b de· 
tincadommant8~Pat•l.37 Mac Table 31. The 
twchron ln:atmcnl rc~uhs in om111in1 two dis· 
unctl\1 older outlief'i 1CI6-~a and CT6-7a) and 
one ~~oungcr uuther cCT6-IIaJ. This gives a stX· 

potnt tlloOChmn and an.., ... of I J62 i 0.016 Ma. an 
mnto~l "''Ari"'Ar of ~9K.ll :t 3.11. and a MSWO ol· 
1.7 cfig~.:! and h Sooma~sionsarc 1ndiCIIIed t'IJf 
th..- mean a~e of I.~)J% II. I :!4 Ma. ;and thr '-"Om· 
,p.,ndmr ~r...-,l:lhlcd mean 15 1..1119 :1: 0.(111 Ma 
1 Tahlc 1 1. ·rn.:,.._. three Bile csllmales overlap at the 
IO lc\lcl. 

Ten fu~•on~ of llamdme crystal~ from CT-~ 
) 1cldcd a lillfl) homOJ!lcneous populallon v. ilh a 
mc:;an of 1 .. \11.\ Ma tTablcs I and 31. An 1sochron 
rrgre~lll."d uMnl! all the dala y1eld~ an age of 
1.."6% ll.lllll \fa. an mnial ~'Ar/"'Ar of .1 JO.ft 
:1: 3!1.1. and a ~1SWD of :!.ft t Figs. :! and 31. AI· 
lhoui!h 'li!lhtl) ahon~ chc ~.!1 MSWD cutoiT 
1..-~c:l.thl' rr~ult i~ deemed acceptable bcl."iiU~ 
chc !\ISWD for the 'tandard •~hron I"'Artlf>Ar 

~s. ~'Ari"'An •~ 1.7. Thc mean aile tndicate~ e\· 
clu,ann of 'ample CT~-~a and i!I'C' an aile of 
1 .. \K"7 :!: 0.111:: ~ta. The v.rt!lht..-d m..-an nfthc-e 
.tata•~ 1.3~ :t 0.11111! ~~ cTable 11. The-e thrre 
cstamate'lof the age ;arr \·anuall~ ad..-ntll:al and 
empha"ze the ;age coherence of the anal~·se,.. 

T..-n ru~•nn• of -anadine .:~~tal' from CT-K 
~ telded" population ai•I.J6 Ma cTable 31. The 
iwchron analysis r~sults m omt~sioo of one 
older cCTR-Ia1 and one ~oungcr oulher 
ICTII-Qal: the remammJ II anai)"\C' deline an 
1sochron age of 1.479 :t 0.0~0 Ma. an amual 
"''Art"'Ar of 1!\0.9 :1: -l~.S. and a ~SWD of 1.6 
1 FiJS. ::! and 31. The mean indicates that.onl~ 
CTII-Ia ~ omincd and l!i"e~ an asc or I.J!i7 
:t 0.016 ~a. The v.e1gh1ed mean cqul\·alcntls 
I.J!iQ :t O.OOR Ma cT;ablc 11. Once a11ain. these 
a.re ~llmateli all 0\lerlap a1 the I o le\lel. 

Sample CT· 7 " nearly aphync and con tam~ 
dommantl~ plaJn:M:(II)C feld~par. and thu~ btlth 
~nidinc and phtJlOCiasc v.-crr analyzed. A tOial 
,,f 13 fusion~ yielded only two ~•dm~: !herr· 
mainmg analy~ ..,..c~ of plaJiOClii)C ••dcnufiCd 
b~· CalK >I 1 c Table 31. None of these data define 
meaningful 1sochrons. The tv.·o ~anid•nc anat~·
-rl> have a mean .,,. 1.~3 :t 0.066 Ma and a 
~r.riJhtcd mean of 1.5::!0 :t 0.016 Ma. v.-hcrrlllt 
the ~amc: trratment for the plagioclil,.... anal~ sn 
omil~ CT7--'a and )lcld~ 11 mean or I.~~-'. 
:t 0 016 Ma 'and wrtJhtcd mean of 1.:!0!1 
:1: O.O:!J Ma cTable 11. The two -amdme anal) !in 

arc broad!~· consastcnt v.-·1th •traugraph1c rrla
uonshlps among other Ccno Toledo samples 
a,rs: huv.-c-.cr.the pla1ioclasc Dit"!o illY either ton 
ampr..-c1sc or too mconsistcnl v.·nh ~trallgraphte 
rclauon~hips to be of usc m constraimni •Jcs. 

Sample CT ..a is also nearly aphync; the dom· 
inant feldspar 1s pla!lux·law .• md boch -antdtnc 
and pliiJIOCia\C c~·Mal~ .. ..-rr 01nal~zcd. The 
b ..anid1nc analyse~ dclinc a rrlativel~ cohrrrm 
group at ca. l.-l9 Ma. whrrr:as the In plag10da,.... 
analy~e~ arr ~•gniticantly more hetcrorencou!> 
and tend to define )"OUnscr ag~"- although there 
arr some older aJC5. A ~undine IM11:hmn yields 
an agc of l.-'7"' :1: 0.11~~ Ma. an amu;al ,.,Art·"'Ar 
of :!%.b :t !II .... and 11 MSWD ~lf 11.-1 after omit· 
unr anill~'l~ CT -l-3a 1 f•Js. ~and .\I. Theft -ani· 
dtnc anal~·-..~ d..-line a mean of I AKIC :t 11.0:!4 Ma 
and a v.·eashtt'd m~an ot 1.-l\11 :1: 11.11119 Ma 
!Table II. The,_... ages Urt consiMC"nl ,.llh 'ilr.tll• 

Jraph•c rrlatumsh1p.. The plarioda\C anuly'iC" 
do not &tine an I!IOChron. A plag•ocla,.... me01n of 
I .. no :t 0.1-l3 Ma and wcaghlcd mean or 1 .:!117 
:t 0.1119 Ma include all 10 plagiocla'IC analyses. 
A~ for CT· 7. lheliC •rc~ arr ''"'IIEr.sphically m· 
~·onM,tcnt or too •mprrt:iliC to b..- UliCiul. 

Nine luMons from -.ample CT-.\ ~-•cldcd appar· 
..-nt ascs !rom I.J7-l 10 I.Wll M01 •Tahlc h The 
1sochron pro.·cdurr ,...,ulh in nmlllmJ thrrc nf 
tht\C: a re~ulllni! i"a.:hnm "defined h~ "' anal!f· 
lll."s c prr~nt a.' two dl,ttnct du~t..-rs 1 h01~·m~ 3 '"(!) 

n01nu.. r.antzc elf rildlt~..-nK: ~ •ri..J• • ··'1-'' . • ,,~ •• ~
v. htch 11'' . ._. an a1-te •II I.J~ I ~Ill I:!:! \1.t \Aith 7Jit 
appJrrnt mmal ... .-\r i ""·.-\r nl -, -1 : '" .on.~=
~1SWD of ::!.:!. The me.an .aye ••11111, •.am~ 
CT:t-Ka and ytekh 1.~~1 t 11.11.\: \l01. ~ 
v.c•ghtcd mean,,, thrl.c dalol" 1-~~: Cl.tlll\ 'l, 
cTabl..- 11. 8..-caulll." nfthr nam•v. rant:~ 1n ra.ft. 
Oi!cn•c ytcld of the CT-~ ;anal~~ .and lhe ra:,u_rt .. 
'"I! unconMraincd lstlChrrm. v.e tal.e the v.•••t:hltt 
mean a~ the bc't c'llmate nl the a~..- nf cht: unn 
1Tahlc lt. 

Sample CT·:! ) telded apparent •t:~' tnr 1·: 
. .naly~s that ranf:e trom 1.~1111 Ill l.h:!-1 \fa 
•Table ~~- Sc\lcn of tilt'.: deline an '"'':hmn 
hlmntmll CT:!-3a.li~...Sa. CT:!·!Ia. CT:!·I :!a. 
.snd CT:!· Da• ~I\· in~ an a~e ,,, 1.!1.\1'1 i: 11.1111< \Ia 
v. ath an miual ""'.-\rl''".-\r ol· :!•1'7 .to :t x. I .snd a 
MSWD of~-:! cftJ'·:! and .\1. The mean umn, 
onl~ CT:!-1 ~a and l!l'e' :.an at:e ut I.:' !II< 
:t 0.1)~~ Ma. The ~~~rrr~pondm(! \\(l(!hl..-d n~a:an 
ts l.~:'iO i 1).()(114 !\.Ia •Table lt. The-e thr« .a!le
arc tdenua.:al;al the 10 1~\el. 

We d1d 13 fuMon' om 'ample CT-1. "h••·h '' 
from a pum1•"C hed ,tralli!rilphtcall~ a 1~ m..-t~ 
above the Otov.1 !\1..-mh..-r. The>< ~ 1..-ld ...:an..-1'1:\1 
apparrnt aJ:c\ of l.!i9~ to 1.9~ M01•Tahle .\1. 
,.,th onl~· thr ~ oungc~ b..-m~ ..:on~•"ent "nh "' 
'"alliraphlt: pthltlon abme tilt und..-rl~tn~ 
Otov. i Mcrr.bcr c FiJ.-' 1. Thelll." data ,lillllu da:lill\' 
.an a.·crpcablc IMlChrun fi:J:!ardlc" ''' h,,.. man~ 
nuther.; are omlltcd. A me01n .a;;.: nl l.to:'i~ 
:l 0.0.\:! ~ .. OIY'ih CT I· 7a and the cnrre,pnndin!l 
\\eightcd mean a~Je •~ l.t.!l: ~ ll.tMII< \1a 
a Table 11. AlthouJ:!h tilt mean aile i' ina!ll"\"t."ll'lenl 
,.-nh the 011e of the Otnwt Mcmb..-r •....-.: h..-1•"" '· 
these data add nu u,....ful constratnt' to lilt ii~'C ,,. 
'ample CT-1. Howt'Vcr. tb ate " 'tralll!rilph•· 
,·all) ,·onMroiUlCd It 'I h..- 11..-tv.«n th011 tlf tilt ()Itt\\ i 
~1..-mher and the .,,·..-rlymJ CT-~ cT;ahlc 11. 

(.'~rro Toledo Rhyolite Domn and Olu"l 
Mcmbtr-l:ninnily of Houston Data 

Sanidine cry~tall> In a ~!II from 1he W;ann 
Spnni~ dom~ 1 WS-~ I ohibll the v. Jde,t ran~e tn 
..,,Art'"Ar a11e~ from I.C~ to lll.l.Ktl \Ia 
•Tilhle .\1. ol all 'ample' m tht~ 'tud) The'"'" 
.:hrun approuch c\dUdc) lfl llf ltk-'\C anal~,....,_ 
mu,l "Jniticanrly older than th..- mude al 
1.:!~:! Ma IFiJ .. 1JIWS·2t!-WS-~ol. and nne 
ynunger cry,lal 1WS-:!c1. und Jl'c' ;an aJ!t: nl 
1.:!6!1 t 0.011 Ma. an atmosphenc mllial 
""Ar/tt.Ar \'If:!% :t l!i. with 11 MSWD nl 1.1 
cFif. 2. Table 21. Analy<ondetininJ the iMll.ilmn 
c:t~hihn u Oaun1an dtstrihuunn v.·nh .a meld.: at 
1-~~~ Mal fig. ~I. When indudinp ull anal~"-"· 
the mean and 'itand:ard de\ tullon' c h.-4 
:t :!11.~ Ma 1 suri!e~l uduston of WS-~m onl~ • 
Jnd chu' t·ail to tdenufy the nhviou' mt"k olf 
an;~l~,c~ al 1.~~.2 Ma cFiy ~I. The llll.':.tll .md 
we•Fhted mean lii!C' ''' I .~ft7 t 11.11:!:'1 \t;a .anti 
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1.::!63 : 0.0 II Ma. rrspect~l)". shown in Table l 
are calculaled usin1 die JUVefllle ~~'I populi· 
cion defined by die isochron appru~Cfi . .Jld are an
disrinpishable from !he 150Chron •· 

Sample TE-9 from die Sima de Tol ':Cio dome 
pw 1 VCI)' homoleneous population"-sanlf' ine 
analysn: all 10 fell on an isochron defininr an 
• of 1.3.36 :t 0.018 ML an iniual «1Arf16k or 
30~ :t 19 and a MSWD of 0.8 lfif. 2. Table 21. 
Thne analyses. after omininJ TE·9i.JM m' an 
and weiJhled mean ares of 1.326 :t 0.027 •.ta 
and 1.3.36 :t 0.012 ML JTspecti\lely. which liT 

indislinJunhable from die iJOduon •· 
fusions c1 sanidine phenocrysts en • 131 from 

sample T£.1 S from !he Turkey RidF dome yield 
«~Arf"'Ar IIICS ranrina from 1.311 to 1.927 Ma. 
II oflhese fonn~n~a cohem1t IJ'OUP lhaJ defines a 
mode 11 1.343 Ma on !he p-obability cliscribuuon 
plot IFJI. 3. Table 31. Thr Uochronappmldl omib 
c:ryatals TE-l"' and TE·I5j !Table 31. which hlw 
distinctly older a,a than rhe ~TmainiriJ II. and 
1ive5 an IF of 1.343 :t 0.01~ ML an ini1111 

..,Arf~hrof31S :t 70anda MSWDofl.::!cFiJ. :!. 
Table :!1.1bc mean il1ld scandan:l OOtalton om11s 
analysi~ TE·I~j 11.9::7 Mal.''"'"' an l[le of 
1.35 I :t O.O:!fl Ma. w11h lhe ''or~T\pondmJ 
we•shred mean 11 1.348 :t 0.0::1 Ma cTable :!1. 

Ten ~anidine analy~s fro!" ~01mple TE·I, 
from llnnamed dome, ranfe In l[le fmm 
1.:!34 Ma to 1.4111 Ma. wirh e•J!ht clu~teJTd 
lifhlly al US4 Ma cfiJ. 3. T01ble 31. The 
isochron ;~ppmac:h omn~ TE·I~ and TE-IJ. 
wh~eh A~T older and younrer. re'pecti\·el). than 
lhc ~Tmaininl analyies I Table .~1. The 1sochron 
defines an qe ofl.3411 :t 0.0111 Ma. 14-ilh an IRI• 
1ial M~Ar/~Ar of .\07 :t 30 and a MSWD of 0.9 
CFiJ. 21. The mean and w~t•Jhted mean~ re!'ult 
from om1ss•on of che same analy<oe~ and a~T 
1.356 :t 0.013 Ma and 1.~!17 :t 11.01 I Ma. 
reip«li\lely. 

A tocal of ll l>anidine fu~10n~ !"mm sample 
TE-l6 IC~trro Trasquilarl define a fatrly homo
JtneOUs population: ~1Arl~~> Ar are~ r.m1e from 
1.:!:!4 Ma lo l . .a60 Ma. uld 17 of the-..! liT m the 

range Ullto I.·Hfl Ma. JIVtnJ a m.Jik at U71C 
•F•J· ~-Table 31. The i'>OChmncFi!! :!11\ defined 
b~ th~tse 17 analyllit' tTE-::61'. TE·l~r. and 
TE-:!6s ••mittedJ. which Jive an all~ ot 1..\!'11 
:t 0.012 Ma.an inicial ~1Ar/·~Arnf Jill :tIll and a 
MSWD nf 1.4 cFiJ. :!. Table :!1. The mean a~ 
;~ppmach omn~ only anal~ .. ~~~ TE-l~ and JM" 
an are of 1.3f>R :t O.U41C Mil ~ith ll ~-o~,pond
IRJ we•llhled mean of 1.31'1Q :1: 11.111 I \Ia 
tTable ll. 

A OO!noJeneou~ popula1ion of·~"Arl'".-'r a.,'C'o 
was ob1a1ned from l'u!>ion of :! I ..amdme rfw· 
110l.'T)'Is trom ""mple TE-J.ltS~rra ~ Tt~J. 
The isochron approach ii'K'Iudn all ;111;1ly""' ;nJ 
fiVe!- an lfC or 1.)19 :t ().oJ:: Ma. \\db lll1 1niJ1al 
~'Ar/~Ar of ~ :t Ill and a MSWD of 0.11 
tFiJ.ll.lbc rneanlJ!!Comic~anaiY"" TE·I ~1!-tm· 
inll an a,cor L\67 :tO.O~ Ma. andrht "~•&!heed 
mean nf these anal:!'~ j, l.:lKII :1: II.CJII :\141 
cTablell. 

Samdine fuMon' rn"' :!:!1tmm TE-:!11. l•h 
Po~' Ea,t dome. 1ave a f;~irl~ h"lll"t:~n.:uu, 
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lation dtfin•nr a mock at I .J6R on lhr probl' dtslribution plot I FtJ. :1. Table 3\. An acbl~t iS<Khron ts dttin~td afr~tr ominin& TE-201' and T£-::!Ou. fl\'ln& Ill\ q~t of 1.446 %0.009 Ma. "'dl a high inntal.aoAr/JttArof 402 :1:33. and a MSWOof I.R 1Fi1. ~~-The meana,e 1s 1.4111 :1: 0.0:!7 Ma after ominmr TE-20u and TE-.:!Ov. and thlt weighted m~tan aJe is 1.477 %0.009 Ma •Table :!1. 
Sanidtnc cty\tal~ c n '"' 2S 1 were analyud from sample TE-111. from the Indian Point dome lTI•ble 31. TheSit asn form a Gauntan disuibu· lion with a mode at 1.47:! Ma tfiJ. 31 and a ranre from 1.386 Mato 1.333 Ma1Table 31. The isochron analysis includn all the data and gives an age of 1.463 :!: ().Oil Ma. with an intttal ... '.J>,.r/'l#oAr of ::96 :t .I I. and a MSWD of 1.1 cFis. 21. The mean omil~ analyS~ts TE-ISc and TE-18r tolder and young~tr than the mean. rt· 5pectivclyJ and gives an age of 1.4S7 % O.otl! Ma. The corresponding ~ifhted me111 aJC is 1.464 :t 0.009 Mac Table .:!1. All of these ages are vinually indiMinguishablc. Sanidinc analyS~t~ In= 171 from wnple TE·.:!S 1 Los Posm We~t l show a ~tron@ mode ar 1.537 Ma 1 defined by I 3 anai)'SC$1 wilh four dis· tinctly older ou1licrs ranginJ up to I 1., I Ma lfi&. 3. Table 3J. The isochron approach re5ults in 

......... .... .... .... ..... 

Flpn 3. (C onrinuedJ. 

om•~~•on of the5c- fout oldn analy~~n and Jtvcs an aJe of 1.540 ~ 0.012 Ma. wnh an mmal 
41'Art""Ar of 302 :t 12. and a MSWD of 0.5 1Fi1. 2). 1be mean and wt'tJhtcd mc111 age!l of 1.54!1 ± 0.018 Ma IUid I .~3 :t 0.016 Ma. rnpec· tively. result from ommms the sa1111t outhen <Table :!1. 

Samdine phenocrysts from sample 17 .J I I Otowi Member l define 0111 Ar/'Jfl Ar ages ransana from \.383 to 9.459 Ma cTablc 31. l~ochron analys1s shows that after omillinl ' or .H analyses (17-JIIUHJ. 17-311. 17-Jim. li-31s. 17·31y and 17-31af were ucludcdl. an aJc of 1.618 t 0.011 Ma is defined wnh a trapped olliAzi"'Ar of 301 t 3 and a MSWO of 2. I. 1be 211 analy5ts delimn1 the tsochron form a coher· ent group with alllOCk at 1.62 Mat fig. )).11le corresponding ~Man and WltiJhtcd ~Man a[!e' of 1.644 ~ 0.033 Ma and I .6::!5 :t 0.009 Ma re· suit from omntmg the 'ame ourlief'i as the iKIChron. 

DISCUSSION 
Banddler Tuff 

11le «~Ar/'JfiAr •1cs obtamcd in this study of 1.22!1 :t 0.008 Ma I Australian National Univer· sity I. 1.()()11 :t U.O 10 Ma 1 Aus1ralian National 

lJnJ'IIC:rsllyl and l.ftlH :t ll.llllct'n•"cnn,. or Houston I for the TshireJe Member and Ot014t Member. respectrvcly. arc V.4~ older cTshlreJr Membcrl to 11.6'l oldrr COtO"i Mcm~rlthan the K·Ar dates reponed by Dot II et al. I l%K1. "nn~ difference IS most likely the R:SUII Of incont• pletr desassin& of santdinc dunn1 the K-Ar analyses le.J .. Webb and Md>ousan. 1967; Me· Dowell. 1983). Spell e1 al. ci9QO) obtained a,es of 1.19 :t 0.02 Ma and l.S7 :t 0.03 Ma for the Tshiregc Member and Otowt Member. n:spec· uvcly 1 when adjusted to an age of :!7 .9 Ma for the Fish Canyon Tuff: sec: prev1ous di!iCU!isionJ.Izett and Obradovtch 09941 reponed ages of 1.24 :t 0.0:2 Ma for thr TshireJe Member and J .63 :t 0.01 Ma for the OtOWI Member that aJR:C with the ag~ rcponrd hrrc and are ~h[!htly nlder than <although ovt'rlapptnJatlo ltfl'Of5J the Bftl rt· poned in Spell~tt at. c 1990). Note lhat analyses of the Otowi Member sample from Cochiti Canyon r92·CC·OI. from a complexly channeled outcropl form a much more a1r hetcrorcneous Jroup than tho5e from l>ample 17 • 3 I from the mas.,r.·e middle now un11 of the Otowi Member. Funhermore the much larger number of analy5Cll of 17-~1 at the l!nt· vcr..ity of Houston In .. 331 shew. the pre!iCm"C or 11.cnocrysts which were not ;apparent from the Oeolo&ical Society of America Bulletin. December 1996 
1557 
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TABLE 3. "'AtP.Ar ANALYTICAl DATA FOR CERRO TOLEDO RHVOLITE SAMPLES 
s.mo~e '"' ""' ..,"' 4/J"' :o.,. C&'IC u.,.;;,., .. 10 I• 10"'1 moJI I• tO-"tnOII f• 10"'5 tn011 f• 10"'5 moll .... , 1•1~ 
Tahlrege...,.,., landeller'MI. PllniMl Un11. J • 0.00031730. ~ N8liDo18l ~ 8127-18 6 127 11 76 13 19 24 56 91 3 1.91 1 6997 8127-28 5.~114 8 245 9 789 18 56 90.3 1 85 1 7123 8127·3a 1072 1025 1151 23.04 85.0 191 17023 &V-48 6.788 14 12 15.14 28.22 91.8 2 05 1 70M 8127-58 3.153 7 685 6 489 12 12 91 0 2.81 I nM7 8127-611 10.30 12.48 13.13 25.47 86.8 2.08 I e832 8127-78 2.378 8 420 8.$10 15.71 9'-2 2.18· I 7403 8127... 1.230 7.502 8.396 14112 96.2 1.117 1 7018 

Age 
IMa:oGI 

1.218,. o.r1o 
1.227 a OUIO 
1 .220 t 0.0011 
1.223 t 0.008 
1.221 t0.014 
1.206 t 0.008 
1.247. 0 010 
1.224 t 0.008 

Cem1 Toledo ~Tephra. Str8llgr8phle Len! &I.~ t:l-1&1, J • 0.11011&090& • ._.,a.n Nrlllon8l .,........, CT9-18 2.013 6.363 6.641 11.58 93.7 2 11 1.8335 1.205 t 0.008 CT9-2a 21.41 8.881 9127 2145 69.8 2.1& 1.63118 1.210t0.01& CT~3a 3 184 6.882 7 128 12.8S 91.8 2.08 16554 1.221t 0.012 CT9-48 3.837 6.058 6.738 12 29 89.8 1.118 1 63110 1.206 a 0.009 CT9-58 2.111 4.931 5.263 9 &13 82.4 2.08 1 8527 1.218 a 0.015 CT9-88 1&85 2.592 5 325 II 35S 843 1 07 1 6581 1.222 t 0.011 CT~78 7.713 6.261 5220 1086 78.2 2.64 16414 1.2tla0.016 CT9-Ie 1.n1 7013 4.563 1!0&1 92.5 3.38 I 6305 1.203a0013 CTII-tl 1.221 8408 5.235 81181 iS.O 2.88 1.11261 1.200a0.013 CT9- tO. 1 808 5 080 4 928 8 78S 93.8 2.27 I .8887 t .231 a 0.010 
c-Toledo Rhyolite Tephra. Strali8 ... Lawf 38. A..u. t:l-13a.J • O.DOIM12SIO, au.tr8118rtN8tional U"'-itr CT&-18 78.31 11212 4890 3256 28.7 4.1& 1.9095 1422a0.03t CT6-2a 2.729 4 107 2 5611 5.!>41 64.7 3.52 1 826& 1.380 a 0.022 CT6-3a 13111 3781 1878 3.881 880 4.&3 1.8800 1.&00a0.020 CT6-58 1 161 3.&87 1 868 4 488 91.8 4. 11 2.11102 1.631t 0 031 CTB.a. 4145 4880 2114 5124 754 5.08 18211 1.362a0.021 CT&-78 0.808 4 322 I '41 3 838 114.8 5.48 2.0840 1.552 t 0.045 CT~ 15118 2.234 0938 6.283 24.3 5.24 1.8251 1.2t0a0.037 CT6-II t 756 3904 1518 3250 83.3 585 17124 1.327:o0025 CT&-10. 10.29 4 111 1350 5.544 44 8 6.71 Ul385 1.370 a 0.021 
CemiToledo~Tephra.SUtlgllpNcl.eftiU.ANUift.137,J•O.GOCMIUI,~Neti-'Unl-.llr CTS-18 3.0116 8.571 4841 9.1170 90.1 4.35 1.8587 1387a0.011 CT&-2a 1.874 11 79 7 843 15.53 115.4 3.31 1.8881 I &1 I a 0.011 CT&-38 3.548 8&81 4558 9.575 88.3 3.12 1.8548 1.385a0.0111 CT&-48 1391 55011 3740 7414 93.8 3.24 1.8552 t386a0.015 CTS-58 '.872 4 745 2 n8 5 840 au1 1 78 1 .80!51 1.349 • 0.022 CTS-88 21411 6.875 3312 6827 89.8 4&3 1.8534 1.384a0.018 CT5-78 I 8113 8 834 3 8113 7 441 92.5 5.28 I .8854 1.393 :t 0.014 CT5... 3 363 7 030 3.113 8.845 64.8 4 87 1.8637 1.392 a 0.011 CT!-11 3 123 8.282 8 47a 12 85 92.0 3.15 '.8408 1 375 a 0.010 CTS-10. 2 IU 8.1109 4872 9.848 92.8 434 1.8342 1.370a0.001 
Ceno Toledo ~ Tlphra. SIPetig,..,t~~c Leftll7, ANUI 12-140. J • D.G11040108, Austrellen NMionel ~ CT.I8 5.741 17 57 5 421 13 37 86 7 713 2.1387 1.578 a 0.015 CT&-28 • 82a 27 01 9.3115 2 034 92.3 8.33 t .9978 1.474 a 0.010 CTI·3e 2.110 1517 7~ 15.811 942 447 19802 1481:t0.011 CTI-48 2.712 13.U 7 290 15 42 94.0 4.08 1 9894 I .&r. a 0.013 CT&-58 4 888 42.27 7 792 18.84 91.2 II .t 1 t711 1 .41< a 0.001 cr•78 3.871 12 n 5 014 11 15 88.5 s 52 , 11832 1.440 a 0.011 CTI... 2.791 11.07 7 144 15.17 93.8 4.61 1 9911 1 It\' a 0.010 CT&-18 2.201 11.880 4.511 9456 923 4.81 1.t31t 11l,'a0.011 CTII-10. 3.701 15.33 7 &110 1f..23 92 5 4.44 1.8171 t.l$0 a 0.018 
c:-TCIIMD ~Teptlre.ltiwllfrolphlc L-' II, ANU. U.IJI. J • O.GOCMIDIO • ......,_, Nllllon8l Unlv~11111r CT7·1e 3487 11.2011 3320 7 ,_ 88 I 5.44 2.01• 1.48· aO.OIB CT7·2a 1810 20.71 0.371 11f7 !115 120 1.5184 1.12i:t0.1311 CT7·3a 1651 14.48 0.250 0911 474 128 172114 1.1'*1a0.171 CT7-48 05811 1731 031!1 1042 84.2 121 2.7112 2 .• i :t0.141 CT7·58 1 791 21.311 0.335 1.287 60.0 141 2.3078 t . : a 0.103 en... o 791 21., o.382 o.Mt 76.8 12• 1 11018 1.413. o.084 CT7·7a 0.572 14 73 0.281 0 745 78.6 112 2.01&7 1 "92 a 0.103 CT7... "·11311 13 07 0.281 0 738 67 8 1 10 I 9078 I < 13 1t 0.218 CT7-.. •'57 4 1115 1 497 3.fi68 87.8 7.34 2 14811 U90 1t 0.027 CT7·10. .wee 17.01 0317 1098 44.9 118 1.5570 I '53:tO.OH CT7·118 1115 11.83 0157 0853 478 183 I 9948 1.477a0.183 CT7·12a 1318 1548 0.251 0714 471 138 1.3418 0.884a0051 CT7-138 1.501 2145 0445 11311 62.3 108 1.5841 1.180:t0041 

c:.rn» Toledo ~ Tepflra. 8tratigrephlc Level 21·22. ANU• 12· 138. J • 0.0003fll0, Auatrellen N8tlorwl Un'-*lly CT&-18 1178 9.250 2.918 6465 938 6.. 2.0740 1.480a0.013 CT4-2a 1881 3142 0623 1634 705 111 1.6881 1.320a0045 CT4·3a 1!>49 18.73 3.645 8306 93.8 tOI 2.1321 1.521a0.011 cr•... o.791 1715 0347 0975 76.8 109 2.1564 1.538a0150 CT&-58 11M 3048 0115 1.891 80.5 109 2.2148 1.580a0.070 CT4-88 1 202 8.728 3 002 6 644 93.6 4 93 2.0712 1478 a 0 017 

fCcnrrnu«t} 
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CERRO TOLEDO RHYOLITE. JEMf.Z VOLCA~IC FIELD. !liEW MEXICO 

TABLE 3 tCortMu«/1 Sample lZAr ,,At JBAr SOAr SOAr' CalK 11\Ar'.&Ar. Age 
10 I• to·•• mo11 I• 10"11 moll ,. to-·~ moll C• 10"'5 moll l"ol (• to-ll tllllaan• Cerro Toledo Ahyolne Tephra. Stratlgr.plloe L...wl 21-22. A~ 112·13&, J • o.~. Au•t,...,. ..,._. Unlverwlly 
tcon!lnuedl 
CT4·71 1972 33.33 0633 1.5E6 640 116 1.5841 CT4-81 1563 6050 2 309 5260 902 576 20SSO CT4·9a 1459 1169 3 555 7836 93 5 724 20609 
CT4·1Qa 9 ()&() 2521 0 474 I 259 799 117 2123C CT4·'11 1452 2766 0.521 1436 71 I 117 I 9590 CT4·1~ 1820 3369 OS&& 1589 676 127 18525 CT4·13a 1728 15.35 0305 1.014 soc 111 I 676:2 CT4·141 13n 1775 03761 1089 634 10C 18364 
CTC-161 1273 1526 0288 0962 618 116 2.0619 
CTC-191 1333 1885 0256 0885 574 162 20091 Cerro ToledO Ahyollla Tephra, Stra~ L.eve4 11, J • 0.00031400, Auatr8111n National Un'-lly 
CT3·1a 5 132 42114 23 72 52.58 96 0 3 98 2 1293 
CT3·21 2212 8713 5487 1272 938 349 21741 
CTJ.3a 6 530 26 14 17 12 .0 14 94.2 3.36 2 2080 
CT3-4.a 0 807 9 970 6 327 14 Oi 97.2 3 47 2 1656 CTJ·Sa 2321 1068 5873 1362 939 400 21791 
CTl-61 2 559 7 20i 3 304 7 823 89 3 4 80 2 1157 
CTJ.71 1314 1404 4947 49.20 209 6.24 20738 
CTJ.81 2 495 52 45 0 521 2 181 67 8 2 22 2.8120 
CT3·91 1 1112 7 179 3 525 8 175 94 7 4 48 2 1959 Cerro ToledO Rhyolite T~ra. Stref19rapNc L-' 14. J • 0.00031310. ~~~~~ National Un~ 
CT2·11 10 44 34 53 12 19 29 79 88 7 6.23 2 1686 
CT2·2• 3642 2202 8162 1883 933 594 21522 
CT2·3a 8 763 39 49 11 27 27 89 89 8 7 71 2 2239 
CT2-41 2557 2087 7135 1724 947 643 22879 
CT2·Sa 6 978 40 06 13 n 32 S8 92 7 6 40 2 1932 
CT2-6e 2951 4192 1063 2433 955 887 211151 
CT2·71 2 09i 16 07 8 223 18 52 95 6 4 30 2 1529 
CT2-81 2132 1901 8077 2398 729 5.18 21&56 
CT2·91 3729 2607 1241 2814 9&0 462 2.1543 
CT2·10. 5 628 39 51 8 607 21 37 91 4 10 1 2.2689 
CT2·111 3127 1969 7528 1749 937 576 21773 
CT2·121 1 644 5 . .01 2 601 4 943 88 9 4 57 t 6898 Cerro Toledo Ahyollt. Tephra. StF.ligr~lc l-1 I. J • 0.0003NI1, Aull1rallln NMional Unlverally 
CT1·11 9 599 36 90 20 36 so 58 93 4 3 911 2 3214 
CT1·21 5 633 23.49 11 98 30 11 93 5 4 31 2 3501 
CT1·3a 4 578 27 83 13 !o3 33 86 95 t 4 54 2 3802 
CT1·41 2 732 27 19 11 80 41 81 97 0 3 36 2 2794 
CTI·S. 3703 32.37 1839 4460 966 387 23416 
CT1·~ 8282 22.111 1074 2818 904 463 23724 
CT1·7a t63 3 30 91 14 16 8~ 39 u 4 4 81 2 7407 
CTI-811 2193 2326 0818 2559 740 626 23147 
CTI·91 24 41 14 28 9 457 28 93 74 3 3 32 2 2721 
CT1·1Qa 5968 1488 8447 2151 909 388 :!31$ 
CT1·111 3 8011 16 04 11 15 26 73 94 8 3 17 2 2728 
CT1·•2a 3 048 14 19 8 222 19 45 94 4 l 80 2 2322 
CT1·1ll 145 7 23 03 11 03 69.04 37 2 410 2.3322 Otowi Member e.no.ller lUfl. Middle Flow Unit. J • 0.000400112, Auetra118n Natlo,..l Unlwtslly 
17·31·11 24 31 21 37 12 35 34 90 78 6 3 81 2 2199 
17·31·21 1428 20.64 104& 2780 839 4 3C 22319 
17·31·31· 11 91 3U8 2081 81 98 564 3 38 2.2447 
17·31-41 16 57 50 30 24 58 60 IS 90 9 4 50 2.2238 
17·31·51 20i4 12.36 630S 1454 1A7 431 21850 
17·31-61 7 558 13.32 7 099 18 31 86 9 4 13 2.2409 
17·31·71 393S 1322 701' 27 33 568 415 2.2157 
17·31-81 8497 2975 1762 6462 605 372 22114 OtOWI Member Bllntleller Tutl. Cochlll Canyon, J • O.G00391171. Aunalian Nfllonal Unlverally 92CC1·ta 248.3 8 eJe 5 385 86 14 14 7 3 53 2.3448 
92CC1·2a 2862 19.88 1261 3706 784 344 2.2449 
92CCt·ll 5 152 18.t4 tO t9 25 t9 93 0 4 09 2 2449 
92CCt-41 1525 1598 10.24 6i95 33.3 343 22095 
92CCI·Sa 3877 1208 5685 1363 906 4fl7 21723 
92CC141 I 629 4 197 2 022 4.987 89 4 4 57 2.2052 
92CCf.7a 2 104 9.520 5 478 12 87 94 2 3 82 2 2119 
92CCt-81 5.298 1482 1222 2985 938 2.63 2.290& c.mt Toleclo Ahyoi!W, Warm Springe Dome, J • 0.000581. Un~wralty Of Houwton WS·2a 0 764 5 238 4 957 6 397 96 5 1 91 WS·2b 1568 4844 536' 6972 935 163 WS·2c 2 484 5 215 5 079 6.893 89 8 1 86 WS.2d 3248 1857 2212 3673 741 152 

I 0'478 
12175 
1 2191 
12337 
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1130t0028 
1466t0014 
1470t0017 
1.515s0073 
1 39tl,. 0036 
1 322 t 0076 
1 196,. o tn 
1 310•0093 
1 471.0143 
1433.0167 

1513s0008 
1 S4S s 0011 
1 569:>0009 
1539s0015 
I !>48 s 0010 
1 503.0015 
1474.0044 
1 998,. 0030 
1560t001J 

1 S40. 0 013 
1 528,. 0 oc.a 
1579. oooa 
1 ~4 s0014 
1 557.0010 
1551.0011 
1529s0010 
1 53Bs0010 
1 530s0009 
1 611 • 0 011 
1 S46. 0009 
t 200 t OOZ2 

1657.0009 
1677:0010 
1 899.0009 
1627s 0009 
1671o0009 
I 695 s 0010 
1958s0017 
t6S2oOOSO 
1 622 o0009 
1 651s 0009 
•622a0009 
1 593a0009 
1665s0019 

t605a0009 
1 614.0.009 
1 623.0.012 
1608a0008 
1 580s0010 
I 620 t 0011 
1602a0016 
1604.0012 

1690 :t 0087 
1 618a0011 
I 658 t 0013 
1 593.0018 
1566a0009 
1590s0024 
1 S94a0010 
16Sia0010 

1262s0032 
1232•0028 
1233a0032 
1248 t0059 

tConftlluft1• 
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CERRO mLEOO RHYOLITE. JEMEZ VOLC.-'~IC" FIELD. 'E~ \1EXIC"CI ~· 
,j· 

TAI!l£3~ 
'>,':, k; Sample 'liAr i?Ar \liAr 2Ar lEAr• CalK mA, ... w., .. AQI {,;,: 10 I• 1(1"'1 moll r. •o-'' mo11 1· •o-•s moll t· 1o·•s 111011 , .. , 1·1~1 ·~=n· . ..~ 

Cerro Toleclo AhroJIII. Cerro Tr .. quiiM, J a 0.000535&. Unlverally Df Houlton tCOIIIIniMcfl ': ·-· TE·2to 0864 2.284 1.961 2.1196 917 2.09 14039 I 356 ~ 0 028 
~. TE-2tp 0688 2373 I 022 I 594 875 416 I 3682 I 321 I 0 0C9 TE·26Q 1.232 I 847 I 101 1750 79.6 300 12672 I 224s0055 .-, 

TE·:ztlr I 0118 I 558 0980 I 616 805 us 13165 1271t0061r a;. 
TE·~ 1232 0000 2037 3067 883 0.00 13324 1 287 I 0037" ... TE-281 2.672 0359 I 8411 3523 780 036 14884 1437 .o~ ) TE·21u 0.1196 0001 1366 2 197 881 000 I 4202 1 3~2 t 0 OC9 

Cerro Toleclo Rhyolite. Sierra de Toledo, J • 0.01105t71, University o1 Houston 
TE·1311 2.032 4 1117 2967 4 524 869 255 13279 1311s00C4 TE·I3b 0.432 4.203 3105 4612 97 3 243 I 4480 1 43() I 0Q52. TE·13c: 0.576 2122 1417 2 083 921 2.89 13589 I 340 I 0 113 TE·13cl 4880 9687 6456 10 305 86.2 270 13793 1 362.0027 TE·I3e 0832 2.939 2 IH 3 185 92 5 241 1 3d2 1 332.0069 TE-131 0.418 2011 2 1112 3 129 962 1117 I 3983 1 3111 t 0 OJII TE·I3g 1.880 2 812 1983 3 434 859 254 I 4940 lo17St0038 TE·I3h 9408 4422 2822 6 716 594 2.80 I 42011 1403:t0031 TE·I31 0.192 1211 0930 I 361 961 233 14211 1 404s 00~ TE·13i 0400 I 361 0888 12V1 91, 281 13828 1 348 t0072 TE·13k 0.848 1728 1808 2697 909 172 13595 1 342~0036 TE-131 1.504 2.021 2108 3 381 87.0 172 13940 I 376t0031 TE·13m 0352 I 278 1442 2 092 952 158 ll&W I 367.0 IN6 TE-1311 0978 5 7!18 37115 5 630 950 2 74 I 4239 1406t0018 TE·13C 0528 1 173 1255 1 Bee 919 1157 I 3718 '354. 0054 TE·1311 0.338 1334 I 250 I 840 948 I II 13979 1 380 t 0052 TE·I3q 0.!160 1209 3873 5 344 970 059 1414\ I 398 :&0023 TE·t3r 0.992 2087 1 123 1820 842 334 I 3682 1351s0065 TE-1311 0688 2744 2 1311 3 115 936 229 13858 1 349.0039 TE-131 0240 0001 07!14 1 116 938 000 13~ 1 :17'\' 0089 TE·13u o.seo 2302 1288 I 982 860 329 I 3491 1332a0066 

Ceml Tot.ao Rhyolite. Lot Pons Eat. J • 0.~. umwr.11y ol ttouatoll 
TE-2011 0.224 6412 3871 5672 988 3 I !I I S321 , 503t 0049 TE·20b 0048 6878 • 973 135C 999 242 14792 I 45110030 TE·20c OOifl 5.346 34811 5 048 1000 278 I 4584 I 431.0048 TE-20d 0 320 20 510 14603 21 812 997 253 14917 1 463 z 0.012 TE-2011 0 41fl 3322 2445 3696 988 245 , 4687 1439a00111 TE-201 I 284 2.317 1 915 3.219 888 218 I 5334 1 504.0084 TE·20g 0352 2456 2071 3148 968 212 I 4719 1444.0034 

L TE·20tl 2 528 4 478 3053 5400 865 283 I 5388 , !>()7. 0029 TE·20o 0301 , 944 1638 2 575 966 213 15249 1 498 t OOC9 TE-201 0018 2 807 I 1M2 2954 999 2.51 15288 I 49810037 TE-2011 2848 5050 3215 5603 853 281 I 4931 148Sa0030 TE·201 0180 1n8 , 197 1828 97.!1 2.67 I 4912 1 463.0 0!10 TE·20m I 840 1.354 0752 1 701 885 3.2!1 15520 1522o0082 TE·20n 0.320 !11527 2 82V 4 321 97 9 358 14992 1471o0022 TE·20o 0.480 4438 22111 3 558 96.2 347 1.4981 I 470 a 0032 TE·2Gp 1.200 5432 2901 4 787 927 3 31 I 5227 1 494.0024 TE·20Q 0178 10711 4 !115 7 110 961 430 I 5172 1 488.0018 TE-20r 0111 1232V 3 741 5801 995 5.12 15487 151lt0022' TE-201 01to 7433 2 031 3010 987 8.57 1504!1 I 476 t 0.036 TE·201 0.224 8.1tt 1498 2357 975 9.83 15370 I !i08 t 0048 TE-2011 0.8541 1850 1.908 2840 933 17!1 1 3917 I 38!1a 0040' TE·20v 1.200 1 sa I 801 3.243 892 153 I 6108 1!>80t0038 

Ceml Tot.do Rhyollll, lndlen Point. J • O.OOOS3t!l. Unlfttllty of Houeton 
TE·IIle 3.1CM 8.~ 544& 9.301 903 2.12 1 !1464 1 S04s 0.021 TE·IIb 2.1178 8.fl7& 5.487 9054 90!1 265 14958 I 455s 0033 TE·I8c I 0111 4 2211 3423 5687 947 222 I 5759 1533t0048 TE·18d 1328 211' I 6fl3 2958 869 2 37 I 5484 1506a0080 TE·1111 8304 14512 10768 18615 87 I 243 I 5141 1474:o00t!l TE·1· 1898 14 3611 8.!130 13458 964 303 15240 1483.0017 TE·18g 54811 7 7511 4 941 9052 823 283 , 5108 1470t002t TE·IIh 0928 2242 I 742 2 712 90.4 231 I 4$07 I 411 a 0038 TE-l• 0240 2242 1 143 , 758 961 3 51 , 4880 1 446 • 0 Ofl2 TE·III 0832 4 42:1 2635 4 108 943 300 14754 1 435.0030 TE·IIk 0480 3!172 2.272 3525 962 281 I 49&4 1 458.0030 TE·1· 4432 4029 2.887 5323 760 288 1.5118 1471s0027 TE-IBm 0.288 3235 , 737 2673 97 0 333 I 4992 1 459.0.043 TE·18n 0.808 4.088 3.167 4835 964 2.30 I 4758 1 438:t 0025 TE·I8o 0.512 1057 I 227 1957 923 15& I 4788 I 436o0057 TE·18P 2.032 2.855 2118 3648 83.9 2 43 I 4487 I 409 t 0.033 TE·IIIQ O.fl5e 1084 , 567 2.588 92 7 123 1.5217 1 ~.0.048 TE·IIr I 7211 3.043 I 939 3.258 84.6 282 14251 1 386sOCMO TE-181 0.544 3149 2 387 3817 957 2.36 I 4$35 I 414 10021 TE-l· 2.018 2674 I 707 3081 81 1 2.12 14688 1 427.0048 TE-18u 0.944 28:'9 22ote 3638 925 231 I 5012 I 481 10040 TE·IBv 7 fl80 I 081 2 S60 6024 828 0 78 1 4821 1442o0038 

IConrmuedl 
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.SPEll ET AL. 

Cerro ToledO Rtrrollle,lndlan PolnL .I • D.OOOS3tfl. umwr.lly 01 Mau8ton f~ TE-IBw 5 488 8.. 2.071 6186 74.3 3.78 1.5002 
1.5290 
1.5333 

Tt-1811 0 G8 2.888 1.814 2 911 951 2. Tt-18y 0 720 2.20& 3038 4.8$6 95.7 1.29 

c.rro To~ec~c> Ahyolltl. Loa Posoe r.ftt. J. o.oooses. ~ 01 ttou.ton Tt·2Se 0.800 4.714 1.814 3.020 92.3 Tt-2Sb 0.672 10.01111 2.887 4.224 85.5 yt ·2Sc: 4 320 I 2 621 7 081 1l .892 89.5 TE·25CI I 744 .a 427 2.WI .a 457 88 7 TE-25e 0441 2.8311 12114 20tl -939 TE-251 I 088 3 3511 0.896 I 853 81 2 Tt-2Sg 1232 2483 1.390 2.483 85.8 TE·25h 0441 2.09ot 09113 1.631 92.3 Tt·25o 0448 2.141 1 &ole 2.818 95 I Tt ·211 0 720 U01 0 903 I .575 87 0 Tt -2!111 2 7114 2 474 o 893 a .844 90 8 Tt-251 0 320 2.200 0 90& 1 432 93 6 TE·25m 1008 1 958 0.848 3cSI 916 TE-2511 0 31M 1 347 0.477 2 407 96 .a TE-25o 0 7W 0.000 0 933 1 812 87 5 TE-25p 2.888 3 05t · 0 779 1 861 60.2 TE-2Sq 0 400 2.5119 01183 I 585 92.6 

4.7$ 1.5404 
e.eo 1 5181 
3.20 I 5080 
312 1.5575 
375 15277 
6 70 1 5021 
3.11 1.5231 
3 77 I 5211 
3 01 I 5188 
278 I 5221 
8 3t 113231 
4 31 14821 
.. 12 3 7431 
507 C8758 
0.00 17038 
7 08 I 51112 
4.85 I 508 
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,mullt"r anal~ ticul \t"1 as rhe AUS!rahan National 
l'mvt"l'lill)' tn • 111. ~~ ditr~r~ ~ 10 il· 
lu~lrlllt" rfko port"nual for ,-ariabihry inUodUC'ed 
horh by lhc !ia~npk and b~ rhe number or anal)'· 
""' m rh~r U~aly zrd L~ ''011 populalton. 

Toledo Rhyolitr tephra samplt" CT-9. dated here 
as 1.:! 1:! :t O.!Xl9 Ma. may c:orR5pOIId 10 rhe up
prr pumic:r unit dated by lun ct al. 1 19811 as 
1.:!3 :t 0.0:! Ma. Althou1h CT-9 is srratisraphi
cally ~lo'" rht T~hirt"[Zt' Mt"mber Phnian unit. 
t~ t-wo~ 1ft indistmJui.tlabk wirhin analyt· 
tl"al rrror... Thi~ 1ndic:a~ that sipiticant ~~~ 
ac:tiviry was occumn1.1 wirhm rhr Crrm Toledo 
Rhyolite prior to eruption or lhc Tshire,e Mem· 
ber and collap5e of thr Valin caldna. Sample 
CT·R has I ~'Artl9 Ar ase of 1.479 :t 0.020 Ma 
and c:ompare~ favorabl) '"·ilh a K-Ar age of 1.52 

±0.04 Man:Jl~~b}Sr,"c;u.:. 1 19118tona~ 
pk from the~ W..u,-aphtc: lrvel. AlthouJh 
our sample d-7 p~ no re~i. ble date.tt c:om· 
fates strariJn~Phically wirh cr ... I 1.474 Mal and 
lhr low~r pumice unit of lzen et at. 1 19M It dared 
.u 1.47 :1: 0.04 Ma bv K·Ar tTable I 1 .. 

Tllt M'Ar{..,Ar aJC!i obtained in th1~ ~rudy arc 
broadly l'OIUilileRt "ith prev~l)" reponed K-Ar 
and fii-,ion-lrack data 1 Doell tt at .. 19611: lzen tt 
al .• 19111: Stixcul.. 19H!I: Tabln I and :!l. Ct"rro 

Tbe new ..... Arl..., Ar ascs oft ~ n In Fi~ure ... 
1n rt"lation to lhrir straliJraptuc JIOSIIion. Thcrt" is 
agreement between the aJCS. mdudins !hose of 
the brackerin& Bandelier tulfs. and "'trati&rapluc 
lev~l in the tephra 5tquencc. 0.-rrall. the \llm
pfr, fall into JI'Oup5 with llle!l or 1.-:L 1.~. 1.-lll. 
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Section 15 

Section 6 

6-8 
CT-9 

TMBT 
1.225±0.008 Ma 

1.212 :t0.009 Ma 15·12 

15·7 

-------- 15·11 ------
cr-7 
......... 15~3 ............ 

... ____ _ 

........ ......... ......... ......... ..... 
------- 15·10 

~ 
OMIJI' -2m 
1.60U0.010 Ma 

15·5 

15-8 

CT·S 
1.376%0.018 Ma 

CT-4 
1.474: 0.023 Ma 

CT-3 
1.542 :0.008 Ma 

CT-2 
1.536.t0.018 Ma 

·• U7. ;and I.:! I Mu •F•t!· ~I. Th~re" .s r~·~.:· 
' '...J prop~ssion ol' dn·~;a''"l! il)lt "nh h•~h,•r ·~· 

t~raphl<' lt\·tl. "nh the t\•'tplll'lll ••llh,· ·•I'I'·P 
•I SO l ~. ~liP btl.-·ttn .. ample' (, ., .111<1 ~·· 
"h1ch. as di!W.'U~\Cd btlm., m;a~ Itt- m.sl ... n.sl~.: 
lo ero~•on. 11tc n\"\0< daleli indi.:ato: thai the mi," 
C'trro Toledo Rhyohte t'rupll\'t J~'ll\ II~ 1·•· 
f'f'Cordtd by rhc la11c ppuda~11:·pum••·c ~· 
~mpl«<l occu~d throughout till: •.'KIIl.~Q\. 
ltf\•al hl'twtn~ lhe Otn.-1 Mcmht-r anJ T •hlf\'~.: 
\1c-mbtr. and rh3t C't'ml Tol«<o Rh~nhtc •.:rhr .. 
erupuons occu~d '"diMinct pul!>t' ~·a. 1.~-1. 
1.48.1.37.and 1.:!1 Ma1Fig.~1. 

The ape or ,ample CT·~ ",omc.-halpnlh
lemauc. The l!ooehron ape of 1.-1~ I :II.' I~~ \101 
'U!!J!ests the ~-cm"e ol' ''ll"'lkant o:,,·c" .arsun 
!Fif. :!1. wh1ch 1s n01 C\'ldcnt lnr ;an~''' the •lllk'f 
tephra samples analyzed. On the b"''' ni gcu
··hcm•stry. CT-~ uppcan to J!ruup "11h "'"'J'Ic• 
C'T...a. ('1'.7 • .snd C'T-K 1Spcll et .al .. I'I<H>r. "h"·h 
arc dated he~ lllo ca. l.-l7~ Ma. 'ut~l!e'""S a ,,m. 
•lar al!c f\lf CT-3. HllWC\-rr. nrnher ('T • .J n<tr 
C'T-11 'hov. ~•Jn' or t'li,<'CS~ urgon IFia:. :!I. Tbu ... 
'II.·C 'Ul!l!eSt thai the 'II.Cil!hlcd mean al!C Ill 1.~-l_: 
.t 01108 Ma •~ pl'f'fcrablc due ICI 1he \C~ "'" 
•p~ad in radio,cmc yield amonp 1ho: anoal~ '4!• 
dcfinmp 1hc •~1\ron. but th1s iiJ1C '' "'me" hat 
uncenain. 

For ~ample~ CT...a and CT-7. frl<l•pu" arc 
dommanlly plap1oda~ and thr·,.smplc .. arc 
nearl) uphyric. '10 ho1h piiiJIOCia-.c and •an•dntc 
crystal• Wl'~ analyzed. E\tn thou~h radu1a:cni.: 
yields as h1ph a~ aRI~'o .-ere <>l:>l;un~d l~•r lht 
plllJIOCiasc :mul~·sc... the data ~enerall~ are .J,, . 
I.'Ordanl wnh <"OClustmJ ..an1dinc and"' uh •lrilll· 
praph1c rclauons. ahhoutth pr«11<10n " nll~n 
poor enough that IIJe!i ovtrlap at :!o. S01mplt 
CT -4 IS a good cumplc ur this pmbl~m br.'iiU~ 
6 !Wlidinc 1ft'S form D COhc~nt ttnlUp . .-hCil'il' 
10 plaJIOCiilsc anal)sc~ are ~·ancrcd '" holh 
older and. dommantly. )OUnlltr ill!t'~ IT01ble .h 
Ell..:rs~ ~on could be mvokcd asun t\plilnalloo 
for lhc older a1es bc:caUJC lhis ~ould alft~·• plil· 
J•oda'il' more than sanidinc b.=causc of' the k~~~ocr 
K conlents or plafloclasc. HoWl'\ICI. lhl' CT-.J 
~•dutc 1sochron dot5 not indica1e the pf\'.cn.-.: 
of uccs~ arJnn. All mincrallil'paratr• .snill~ 1...-d 
01ppeared pnstinc under the binn•·ulilr m•.:n~o 
so.-opc. althouJh un~COBmz«< m~t·romrtf\'·~·alc 
altrrauon •·annol be ruled out. Kcllr~ ct al. 
11 '1941 noted that ultraviolet la!ltr anal~"''' ,,r 
I ractul'f'd undlor altered I&I'Cas in uthrl"' 1st P"'' 
line plaJIOCialll' yll'Jdrd )'OU08l'f ll(lt'' and "UJ• 
peslrd 1ha1 these lowered iiJCS we~ fmm allcr· 

f1gu~ 4. Composite stradp'aphic column r"to · in1• Art• Ar U.. >btalned in this study ref· atlvt to the stratigraphk poellfon <rCerro Tel :d Rhyolite tt."TRI te,: ,.. samples. Dashed lines between Sl'Ctions lndkaee ~' dal<'d unlti..Arrt> ·'I indicate soil hom. •as.. Unit numben as delined by Still119891. AD ..... ,~~ (he Aldf,, Uu .~atJonalllnfvtnir J• TMBT Is Tshirqc Member Bandelier Thtr: OMBT Is Oi~l I Member B: 'ldclicr 1\ltr. 

auon products cclay~ and K-l'eld~part. ~ 
~i~mficant co~lation betWt't'n rad1n~cnic ~ ~ekl 
and ape rhal mipht be upccted from '-U<'h a 
mcchamsm is 001 'loCl'n. Howevrr.thi' nught c\· 
peel«! far lastT fusion analyses. hccau-.c rill: Ill· 
ten~ll) and duration of fu!.ion ,,f md•~ •dual ~-~ ,. '! ':· 
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Cerro Toledo Rhyolite ~or. ea 
... TE·I ,t,U,11.11 

t.SI 

i 
1.00 1.10 1..20 

- --
Tl-11.11 

~. .. 
- -

1.70 1.10 

Cerro Toledo Rhyolite Tephra 

1117. 
CT·I 
t.ll 

CT·I.I 
1.17 

CT·I.I -== .•• -
,.,.,. 
1.11 

1.00 1.10 1.20 1.30 uo '.10 '.r.o 1.70 1.10 
"Ar/ at AI Age (Ill) 

F'lpre .5. rr-ot.bl'lly dlllributbt dillpam lllustratlna eruplhe per>cxlkit) durin& tht Inter· 
,.al bdwHD the Ia .ddler autrs. Sample qn and standard ft"tlations URd art prderml 
• A.rJ1" Ar qn and •~~ tn'OI"S fi"'m labia I and 1. Modes and sa10ples deftnlna modes 
art indlcakd. Ceno Thledo Rllyolllr domr samplts tupper da.,t.mtanalyud at the Unhwsity or Houston: tepllra Ll'mples analyzed allht Australian National ~:nl-..entty I lower dla&raml. 

tab "''>' ~~uhinJ in \laf)·•nJ MJI'ee5 of M· 
JlW>inJ. 1k "IJ'Yinl amoum• of ckpss•ns may 
mad> any pos~ible corrrlatJOn between radi· 
osenic yield and qc dill may eai51. In Jeneral. 
our uperience is rhat total fusion plasioclase 
ases may nor be ~liable and should be mter· 
prrtf'd with caution ccf. Prin11e et al.. 19921. 

1k distincd)' mort ~feroJCDrOUI a1e popu· 
lation from sample CT·I. immcdialely abo\le the 
Olow1 Member makn estimation of its use 
somewhat problematic. These analyses fail to 
define an isochron. hOII'"t\ler: the mean ape of 
rhese data of 1.6~~ :t 0.032 Ma is indistmpuish· 
able from that of the Ot""·' Member. 1bt 
younpest ••Ar/119Ar a,c obtained for Cl'·l. 1.~93 
t 0.009 Ma cTable 31. may ~p~!irlll this sam· 
pie~ erupti\le aJe. althouJh th11 cannot be con· 
firmed with cenainty from the dataset. An ap of 
ca. 1.!19 Ma is consistent with the strattpraphy. 

which ,bows that CT·I mu~t bt- older than the 
Otowi Member I 1.6011 :tU.OIOMa1and younger 
than CT·2 I 1.'36 :t 0.011~ Mal tFif. 4. Table II. 

The obsef\lation rtwt CT-9 y~tld~ an a1e iden· 
tical to thai of the o\lerlrinJ Tshu·~ge Mtm~r 
!Table I I suntlils thai sisnifkanl "olcanism wa.' 
occumns immediately prior to 1~ ~·atad)~m•c 
Tsh•~sr Member erupuon ~tnd collapse of the 
Valin caldera. The~ precursor eruptions ~· 
sui!N in &position of •I m of trphra in t~ 'ICC· 
tions we studied tFis. 41. and the seodlemi:r.try 
of CT·9, which I) identical to that of the first 
erupted material of I~ T!\hi~le Member I Spell 
et al.. 19% 1. 5UBit\ls that t~ eruptions w·e~ 
tappinJ the same mapna chamber. lllese ob'!Cr· 
\IDtions also allow that CT-9 l'ei:ords an early 
pulse of the Tshi~pe Member Plinian eruption. 

The new ~Art-"'~Ar d11tes place 5ignificant 
chronological comtraints on o ma11mu chamber 

• ~I'Jtt•ventfSii!l an.IGun<ln.I<N~tn:mr,k,'\1 
m -.;unple.. -.tTUIIFr.aphi.:all~ .:-<jUI\ al~nt wnh un11' 
~tween our ~01mplc~' J7 •. \J rOt•"" \lem~·r• 
and CT·:!. AJes of 1.6011 •· II.(JICI Ma 1CJ1u" 1 

Member I and 1.~36 :t 0.0111 Ma cCT'·:! t 'UFtzN 
lha1 this evmt occu~ within • 711 L ~. ot erup
tion of the Olav.·• Member ollhe Bamkher Tun· 
and collapse of the Toledo caldera. 

Cerro Tolf.do Rllyollte Domes 

Ofthc nine dome~ dalecl '~rudy. ,ill haw 
~ Jm''iously dated by lth: :. '\r method 1 lzea 
e1 al .. 19111; Sux ea al.. 191111: Table :!1.1bt ~ 
.ao Ar/-Ar a,n aR l!eMI'llll) con~i~ent "ilh rbr 
p~iou~l) lq)Ofted DJC~ with the t\~·eption th;aa 
'ome a~ ,Ji~hd) older. CerTn Tole.lo Rh~nlm~ 
dome ~mpln WS-:!. TE·I. TE-:!n. 11nd TE-::.1 
~·idd "'"Arl'~Ar 3!,!tS ~imilar to pre\·tou~ K-Ar 
ases 1Tables I and :!1 llzen e1 al.. 19Ki. St" et 
al..198l!I.SampleTE·I!IfromrheTurke~ RidSC 
dome &.\ well ar. TE·26 from Cern• Tra~u•lur. 
however. ha\le significantly older"*'Art"'Ar aJC' 
ahan pt"t\liOUS K·Ar as~ !Table :!1. The!IC older 
a,e~ probably retlect incomplete de,anmtz of 
radiogenic UIJOII durinJ K·Ar datinJtWebb and 
McDoutzall. 1967: Mc~ll. 1911~1. 
~spite beiiiJ the mos.t contaminated unit 

dated in this stud)·. havintz aenoc1)·sas as old 11\ ca. 
I~ Ma. Wa.nn Sprintzs dome J:l"te a•'Ari..,Ar 
ape inctisliniuish!lble from the pm·~ K·Ar ap: 
11.:!6!1 ± 0.0 II Ma vr.. 1.:!!1 ± 0.\).l Ma. ~!if~"· 
ti"elyl cTabln 2 and :\1. An inl~r.ated a,e 
cweiphaed by amount of ·"'Ar per analysi:~ol of 
3.61 :t O.ol8 Ma can be cakulated from the 
••Ar/·wAr analyses in Table 3.11 i~ common for 
.an Ar/"!-'1 Ar dale5 to be up to •I ()l;f older 1 a.<; i5 the 
case here forTE-lSI rhan K·Ardatn on l>Wiidinc 
due to incomplete extraction of radi~en•c arpn 
durin1 K·Ar analysis cWebb and M.:Doupll. 
196 7: McDowell. 191!31. If the 2!1 cry!llal~ dated 
from rhis ,;ample ~ ~taJi\IC of the cf')'llllll 
po?ulation. then the K·Ar atze of 1.!!1 Ma i!'o 
-6''if younger. which would be unu~ual. Thi,. 
<;ugsnu rhaJ the aenocry5tic component 1s 0\ltr· 
represented in our analytical data. 

The ..,'Ar/~Ar age of 1.343 ± 0.01!1 Ma ott
rained for Turiry Ridfe dome I Table :!1 is K.~'i 
olckr rhan the pfr'·ious K·Ar atze of 1.:!4 
:t 0.0~ Ma ~ported by Stia et al. c19Hih. The 
Unnamed dome Jivn a ... Ar/·'~Ar atze of 1.~ 
± 0.010 Ma. indistinsu•shable from die pt"t\liOUto 
K·Ar a1e of 1.33 ± 0.02 Ma ITable :!1. Cerro 
Trasquilar. !181tlple TE·26. tza\IC a ""'Art·"' Ar a,c 
of 1.3!19 ± 0.01:! Ma. which ts 7.0'ii older than 
the pre·viously ~poned a1e of 1.:!7 :t 0.02 Ma 
fTable :!1. 

Sample TE-20. from Los Poli05 East dov 
with the exceplion of tephra sample ("" 
cu~sed abo\le, the only sample dared;. 
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that''"""' cvtdcnc:e for ''li"'tkant e~u" .ao'Ar 
,. llh an mdrcatc-d iniual .ao•ArJ"'.~r of~~~ :t ~~ 
1Fig. ~ •. Bc:cau'c mo...l of thl'-c anal~...c-' arc 
htl!hl~ r.tdtOl!C:ntc.the mean anJ ~~oe•~hled mc:an 
:!!!'-'' IC::.kulated .. ,,umin~ an o~tm<"phen•· intual 
~'!!''" \·ump..,,ntnn • .uc nnl~ ·~', nlder ,._·on· 
lra,tin~ "'llh CT-.~ anal~ ...c' I hat arc lc" radi· 
o~enic:. n:•,ulllnll m mean ;.md Voeoghlcd mean 
ilgc:' =()f',i olden. Bl.'l·au...c the TE-:!IItl>l'<.'hron o 
ddincd b~ a large numh.·r ol anai~ ...e' 1 n = 201 
'""h a re;N>nable 'pread m ra,hu~en11: ~ teld. ~~oe 
ta~o: the '""·hrun il!!e .1' lhe IJc,l c'llmatc: ul the 
erupll"c age nt' I he Lu' Po'o' EaM Jnme. The 
,.,.,.·hn>n atte' uf TE.:!U• 1.~ :l: II.IMN "'at und 
CT-.' •1.-'!'i I :t 11.11:!:! !\1a1 arc mdi,ltnllu•~hilblt. 
'"!!!!l''llnF lh.tl l'T. l to:phra '' the Phnoan pha ..... • 
ulth.. eruption that pm.Juced lhe ltr.> p,,..,, Ea~l 
dome Hn~~o e\'er. tht~ t.-u unit' arc di,tinct ~e,,. 
.:hcm•l·all). 'U!!!!e'llnl! that lhe> arc unrelu1ed 
•SJ'C'II ct al .. lll\jflt. 

The Ia~• ('errn Tuledo Rh~nhtc: dume ~~oc 

.tared that "'a' pre''""''~ dated h> the K ·Ar 
me1hnd "Lu' p,,....,_ We,tt...ample TE-~!11 .. ~1· 
thoullh 1hc: '"Ar/ 1uAr t...o.·hrnn date ,,,. 1.~~11 

!; \1.111:! Mat' "''thm errnr uf the pre' IOU\ 1.~0 

:t ll.ll!i Ma date. 11 " •::!.7q older and ''gn•fi· 
,·anti~ more prcct...c 1Tat>le ::!1. 

Cerro Toledo Rh~olite dome' dated dunn' 
•!u' 'rud~ arc "'ithin the T,>ledu emha) ment "'nh 
the e'xepnon of Warm Spnn'' ll••me. Cerro 
Tra"luilar. and po"thl~ the lo' Po'"' domti, 
• Ft~. 11. There'' no apparcnl rrBular protlfC\Mllll 
of a~e' "ith geo11raphi.: loc.·alil) "'othtn "·hal rc· 
mam~ or the Toledo caldera. T~·., !>.lmpll.'' nf 
Su~rra de T"led••. a pr<'•·•ou'l~· undated dome. 
~ u.·ld age" of U~ :t IJ.Illll ~1a!TE-9t ilnd U711 
:t 11.1112 Ma •TE· P 1. ,. h1ch arc .\.:!<i drffercnl 
and t.l"unttur~hablt at the IO l'<mlidencc: le,..el. 
The Sterra de Toledo d<•rnc ma~ be a mm~ne 
unn produL·ed b) muhrple eruption~. Note thai 
Turke~ Ridge tl .. ~~ :t 0.111 S !\1at and the Sierra 
d-.- T•Jit'do dumc form a conunuou~ morphol~i· 
··al feature and thu' mil) rcprc>ct~t :1 "nttle erup
uvc e•-cnl ~>!:tween •1 . .\-' and I . .\M Ma. 

The mo't ob\JOU~ aspect of the '"ll,.ri·'"Ar 
t.l;~te' on Ct'ml Toledo Rhyolite- dome~ ".the f:ll."t 
that the of lhe nine -.;>mple' daled fall m an tn· 

tenal bl:l"een the dare~ on the I~A<O Sterra de 
Toledo -ample' TE·9 and TE-l~. Thi~ '' al~ an 
mtc:r\'al of nme durinr which two of the Cerro 
Toledo Rh~olite te-phra ~amples •CT·!I. CT-61 
v.(rc erupted 1F1g. :!. Table I 1. Thr prcviou~ly 
undated lndoan Potnt cloniC t~ave a 11'ArJ'" Ar al!C' 
of 1.~~ :t I IIIII \t:a. A'"' nh (l.'rro Toledo Rh)'· 
olitl.' tephra 'ample). the domes dated ~ere 
erupted dunnr di~rctc pcrrod~ -rparated by 
longer quie'l·enl inlel"al,, Entptron~ ol·currcd at 
1.~~. 1.~!1. I.~K-1 .~. and 1.~7 Ma. Qule'l'enl 
inlcl"·al' ,,f 70-lllll.) 'lt:paratr the-e \OII."amc.· 
period~. 

(.'orrelation.'l Bdwetn Ctrro Toi!Mio Rh~olilt 
Tephra and Domes 

lninal 'peculation\ on corrdauon' bct~~oten 
Cerro Toledo Rh~olite tephra and domes were 
made h~ Hc:-ilen et al. 1 I Qlltll. "h11 •U!!lll'•ted 
thatthC' l•" Po.•" 1 East los~'~''"' m panll'ulart 
dome' or the: Cerro Toledo domes corresponded 
111 tephra unns that include our 'ample:' CT·I. 
CT.:!. CT· ~. CT ..a. and CT· 7 in ~•rangnphic' 1C" • 
d, ~ lhrouJh ;:;\ tTablc 11. Hc:•IJ.en et al. ti'IMfll 
al'o mdJL'"IC'd rhat 'traugraphic levd' :!fl 
1hrou1,1h ~I •T;~I'olc: lltCT-!1. CT·!'i. <1·6. and 
CJ.Q, c"rrclale .-·ith Pmnade Pe01k. wh1.-:h wa.' 
n01 dated 1n th~> ~tudy. 

Su' r1 al 1 I !Jllllt di"'."u,,c:d ,·orrcl:mon' be· 
1~~occn Cerro Toledo Rh)'C•hte 1ephra and dome" 
based on the more drtailed J1eochrmt\lrl and 
~eochron('lon a•·ailable aJrhalltme. The> ... ug· 
gesled that the: l.o~ Poso' dome> 1Fir. It w11h 
K·.o'\ra)!C:\OII.-'7-I.~IMa•Hrdr.enetal.l\lll#'lt 

.:urrclate "••h lephra unib corrc,pondinJtO our 
'ample> CT-~. CT....a. and CT-7. ""'hll.'h arr dat~ 
here a~ 1.47 to 1.~ Ma cTable I l. Srraup-aphic 
umh. helm. "'hich our ,.ample CT-11 lie~. were 
'une,ted to l'Orrclate with the Turke~· Rtdl!e 
.lome• ftiolted a,, 1.::!4 :t 0.0.' Ma b~ Ho:•IJ.en et at.. 
l'lll#'lt The Soufhea.'l Rh>-olrle dome. Pinnacle 
Peak. Warm Spnnp dome. and Cerro Tra.""futlar 
~~oerc su,geMcd to c.·orrcl:ne .... uh tephra unu~ 
.:orre,pundmJ to our sample' CT .ft throutth 
CT-Q 1 Still. eral.. I 98111. 

Thc~'Art"'Ara,euqx>nedhcrctTahle~ I and 
~I illlo~~o these .-:orrclation~ to be tested. Both 
C'c:rro Tnl~o Rhyolitt tephra and dome qmpl~ 
record penooac "olcaniC acu"n~ and ha"e \lmtlar 
timm11 for these erupli\IC' pennd,.. Erupu"e act!''• 

n~ is recorded •n Cerm Toledo Rhyuhle tt'phra at 
1.~. 1.-lll. 1.)7. and 1.::! I Ma. A "m1lar ummg of 
eruptr"e ep1~ •~ deli~ by thC' Cerro Toledo 
Rh~ohte dome samples dated in th•~ stud)· a~ 
l.!'i4. 1.4!1. Ull-1.;\4, and 1.:!7 !\1a • Fill. h 

Tephra ~ample~o CT·:! and CT·) tl.~:\6 
:t 11.0111 and 1.~4:! :t O.IKHI Ma. rc'pccti\CI) 1 

from ncar the ha.~ of the 'oCI.'Iro.!l >•l.'ld a@n •den· 
ticalro thtl!< ohtam~ on l..m Pmos West domf 
'ample TE·:!!Itl.~.U) :t. 11.111:! !\1at. Th•~ rc~ult 
··onlirms the 'uggnuon' of Hei~en cl ill. 1191161 
and Sti'll el at. 1 JIIMI!tthal CT-~ and CT-2 t'OI'fC· 
late v.·ith the l~ Po!IOs Wc-sl dome. but shows 
that Los PoSOli East l!ite belo'" 1 doc:~ noll.'llf'I'C'· 
late to theliC' :o;fl"olltgraphic levels m the: tephra und 
al~u \hu~~o·~ that CT-4 and CT· 7 are n(!l corrcla· 
uve wnh los Posm We~t c FiJ. S 1. 

Fanher up!>t•·uon. tephra 'ample) CT-"' und 
CT-1! c 1.~74 :t 0.02.3 and 1.479 :t 0.020 Ma. rc· 
'pccli"elyt correlate \l>ilh the Indian Pmnl and 
lo' Pm1os Ea!\1 dome-\ 'amples TE-11! and 
TE-:~0 I I.~M :t 0,01 I and 1.~ :t O.IJI'J Ma. rc· 
'JICI."II\'dyt. ahhou8h there'' a \UllJe'llon thai 

... .... 
Ln~ Po•o' E:hl rna~ he •h~htl~ ~uun~c:r thi!h 
rhe~ Cerro Toledu Rh~nhtc tephra 'amrt& 
Hetl..cn rl al. ll'llltJt and Sll\ et al ti'~XlCt -~ 
~esred the corrrlauon he11~oeen CT-~ .md ~ 
Po"o' Ea!it ~ hich our 111Ar/"' Ar dale' .:nnlirVI, 
Srn cr al 1 1911Ktl·nrrclared .1 -cl."llon of Cerrt 
Tulc:do Rh~ohrr rcphra ~nh the Tur!J.r~ Fttdfe 
dome Our (I.R 'ample he~ helt>~~o rha" Ttl: 
1,47q Ma 11'Ar/1''Ar a11e for CT-14 and !tit 
1.~.' Ma 11'Ar/"'Ardatc: onTE-1!1. lmm Turkt-\ 
H tdl!c. do not ... uppnn thi~ ,·orrclauon. • 

Tephra 'ill'llpiC" ('T. ~ and CT .t. tl ;\7tJ :t 0.01 R 
and I ..'6::! :t U.Cllt\. rc~p!:\.'11\el~ t.:nm:lille tc:mpu
rall> wuh a hupe 11mup of .ample• fmm Sn~rra de 
Tolrdo. Cerro Tr.t"lutlar. l'nnan1ed dnmc. and 
Tur!J.~· Rtd~ . .amriC" n:.-1 '•I .1'N :t 11111 ~ \1:u. 
TE-~h 11..\!11 :t IIIII~ \1i11. TE·I 11.'-IM 
:t 0.1110 M111. TE-1!1 I 1..'-'~ :t 0.111 ~Mat. and TE-9 
ll..'.'h :t 11.0111 !\1at. Su~ t't al. I 1\lllllt -~~~~e,t<ed 
the wrrclauon het~~o«n CT·ft and the Warm 
Spnnll' and Ct"TTI> Tra"JUII;u do'll1lC' .... "hh.·h ,, "'IJ'
pon~ by our data . 

There " no cnrrc:lam·e tephra t'nr the \\'ann 
Spnng!i dome 1WS-::. l.::!ft!'i :t 11.1111 \1i11. SIIH'I 
ai.IIQRRt mdkat~ a.:nrrclallon bet~~ocen tt'phru 
com:sponding In CT-6 and (I.Q "'nh rhe Warm 
Spnng" dnrrlC Our data ,Jk,., rhal f'T.fl,, "ill· 
mfk.antl~ olde-r and CT·II Ml!mfkantl~ >ounser 
than the W;~rm Sprin~~ dome •Table• I and :!1. 
There is no Pliman pumil"C' hall unll ~·uhm IM 
Cerro Toledo Rh~oluc tephra section• ~e ...am
pled-stratil!r.tpht!::.ll)' t>et~«n (l.fl and 
CT·Q-that might repre~nt the mil tal phaliC' of 
the erupuon prodticirtl!lhe Warm Spring' dome. 

At the tor elf the Cerro Toledo Rh)nlitc "trati· 
11raphic \Cellon, 1ephra •ample CT-~ 1 1.:! 12 
:l: OJlOQ Mal doc• n(11 l."orrclaiC ~ith :tn) do!lle!o 
dated m tht~ ~•ud>: hm.e,..cr.)l has an a1e indu,. 
un~u•~hable fmm that of the Tshtrcl!e Mc-m~r 
II.:!:!~ :t (1,(}()1\ Mal. This I!> COrNSICnt ~~oith the 

t~eochem•stry of CT-9. which i~ indtMinrursh
able from the ovc-rl>'inl! T'hircge Memher Phn
tan pumtce I Spell et al .. 19%1. 

Sl'MMAR\' 

The Cerro Toledo Rhyolne~o record •·okamllm 
dunn~ the •.'80 l.y. onter,al t>et\l>een t~o 
caldcra·lormmJ erupuons; the TlohrreJt' and 
Otow1 member.. of the Bandelier Tuft' tn the lt'· 
mcz Volcamc Field. They contaan tmponanl in· 
formation abo,ul the e\oluuon nf thl\ la!Je 
.:rustal siht'IC mallma system dunnJ the: tran!oi· 
uon from and to caldera collap!oe events: this 
'rudy pro,.. ide) the J1ood chronolotucalconrml 
whach is e5scntial for tnlerprcllnJ such data . 

.. 'Art'11Ar dalmJ of nine maJor pum1cc !'all 
un''' ""llhm the Cerro Toledo Rhyolue tephra. 
... hn: h ma) ~ecord the mception of 'il!ntlicant 
dorrlC c:lltN'I<lll C"·ents "'uhin thC' Tulcdo caklc:ra. 
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) M"kb i1 dcto:nll"d ch'llOOIOJ~ of t'fUpll\t IICII\ tly: 
~\'CD of tht!ll: untb ha\C rchablt and ~•rail• 
,-aphtcall~ ,·on•t•l<'nl apt!>. With a ft'~< t~•·<'p
IHllb. rthable ~rudtnt t..ochrom ~<ert obtamN 
from muluplr la~r ru .. on~ of indh tdual phr· 
llOCT)~'· For ..otnt' •paN"Iy porphynric ~plrs 
m whsch riM' d.munanl frldspar i• plagtocl~. 
rhts phal.t wa• oanai)Zed. PI~JOCiast darb "'~ 
~tnc"rall~ of ro•lf pm:tl>lllf'l. di!oC'ordanr '"ilh co
o 1•1108 ~1d10r, and IOLCOOMSit'nl I< llh ~IFall• 
gr.aphic ,·,ml>tr.tsnb. 1llc dal<':> obtatnt'd \Ugesl 
thar Cerro Tolrdo Rh~·oJnc Plinian pumrcc fall 
rrupuon\ ,~~.·.·urrecl rhmuihOUI thf inrernl be· 
IV.tt'n rhr s .. nddtcr ruffs IC&. 1.61-1.:!3 Mar. 
bullhal ~~·nof\hnc cNpiiOil~OCCUITCd 10 
pubc~ "' ..:~o~. 1.~~- I.~M. 1.37. and 1.22 Ma. 
"'Ar/ ... Ar dal<'' mdscare rhaJ Crrro Toledo Rhy· 
oli~ rtl\ohrr dorr1o v.crt produced II I .!loa. 1.45. 
I ~R-1 :~.and 1.~7 \ta. &tnd •hovo rhar man~ can 
hr •·ont'latnl• hronolo~scall} wtlh the tephra~
o.juencc. Thr oldeM and 'ounJe5ol Cerro Tolrdo 
Rhnllllt' tephra art tndtsran~utshable m &ft from 
rhr. Olov.t Membrr ;and T\htreJr \tembt-r. rt· 
•prcttovel~. and lhu~ rhrn Fochcmtsrl)· may pn,. 
\ ttk '"''fhl mro rhe tinal prodUCI• or the Ot~t 
Membrr 1111f1N1 chambn and rhr uriM'lol phw.n 
of rhr T shtrtfC Membr. mapna chamber. 

Tht erupli\'C ..:hronr IOf) pro~•drd b'· thn 
stUd). "'hrn ··ombmrd v.nh ~~hemical and 
t..o!optc dalllt SttiL and Gonon. 19'13: S~ll rr al .. 
1~1 ~hould ~•rmtic;~nrly cnhancr our undn· 
srandin11 of rhe noluuon of cti Bandt-I iff ~iiiC.'rc 
mat~ma ') ~•em. For n'!mpl- • r\'tdrnc~ for 1 
ma1ma chambt-r re,·hart~ c~·ent re.:ordrd an 
C.:rro Toledol Rh,oht• tephra tmmrdtllcl)' 
al\tnt' rhr Orov.t ~tcmhrr 1S111 and Gonon. 
1 IN~ 1. ,·ombtned "'tlh WIIU~raphte and llfC •'00· 
•tramh. tndt.:illc that lht• o.·,·urTCd "'tlhtn 
• 7(1 L.). ol' .:aldtra .-ollaJ3'<. 
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