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Cerro Toledo Rhyolite, Jemez Volcanic Field, New Mexico: 
40 ArP9 Ar geochronology of eruptions between two caldera-fanning events 
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Tho C<m> Tokdo Rhyoll .. oomprlscs o 
VOUP or ........ and .. ph.. whldt -IT 
uupted during 1M interval brtwft.n two 
<Oiden.forming ixnimbrites, the Tsblft!~< 
MembeT and Otowi Member of the
Tldl', in the Jomez Vobnlc field, New Mrxiro. 
To ..,..mc~o a dtranolotll< .........._...for goo
dmninl and bolopi< studies on theso rhyo-

tites, - ....... the m>ludon at the llando-
6..- - sy ...... durlac lhls ; ........... 
•ArP'Ar _.......,logy study....., undor
......_ Pumice rr.m maJor pyroc~ao~~c ran de
posits within the rbynti .. topbro and samples 
l'romthe rbyoli .. domes welT clal<d ......... 
the stratignaphk:ally bntdteti"l! Bandolier 

Tldl'. Analyoed <ry5lal populations """" '""" 
-xfoirty~ju....U..........,.to 
very he~eous mixed juvenile and 

1<0IIOn)'Sii< ........,.,._, Ia ............ -
nantxroupsofju...W....u.Iine..,.....ddlno 
"'Arf"Ar - whldt Ill!""' will~ 5IJ'adwaphi< 
-.. ... l'lo!Oodaso analyoes ... dlslindly 
..,,..........,. andclomt typicallydellne,... 
sonabl011- The"'ArP'Ar-fortheiWO 
man1Jor.o of the llandellor 1bft' yield 1D intor
val or 3110 " 20 k.y ................. c:aldera
forminx cruptions. During lhls in .. mol nine 
major pyroclaolk pumke units welT cleposil<d 
in the sodions studied, for whldt six yield 
Dochron IIFio one • wcightal mean., one a 
maximum &Rr•IWI onr no rdiable • due to 
lackof....idine. •ArP' Ar"""".., pumke fall 
units wilhin the Cerro Tolnlo Rhyolito tophro 
indica .. that cruptl.., activity occum.. at 
>1.59.1.54, lAX, 1.37 and 1.22 Ma. "'ArP'Ar 
dating ol Cerro Tolalo Rhyolite domes indi· 
adls tbe!lc tftr'C ~rupted within the a:ldmJ •• 
1.54, 1.45. 1.311-1.34. and J.n Ma. The data 

•Prnctu address: SpeD: IlqJartmenl of Geosci
encb. Uni\.-enity of Nevada., 4S05 Maryland Put
wuy.l..as Vegas. Ne\'llllb 89154. 

obtained indkate lbat ~rvptiw adivily oc· 
c:nrr<d lbroughoutthe 3110 k.y. in .. nal be
......, the IWO manbor.oofthe llanddirr Tufr. 
IMat suggtst tbat eruptlcms prndocinx bolb 
topbro and domesOIXUiftd during- iD
.. nalutca.l.54, lAX, and l..lll-l..l4ML The 
~- ....... l..l41o 1..38 Ma-particularly 
octift; 7 ofl8 units datod ......... -

INTRODUCTION 

The mechanisms by which silicic magma 
chambers are genera1ed and evolve continues to 
be debaled (e.g .• Srmth. 1979: Hildrelb. 1981: 
Upman. 1984: Huppert and Sparl<.<. 1988: Hall
iday e1 al •• 1989: Christensen and DePaolo. 
11193; Davies <tal .• 1994: Bogaanl. 1995). Erup
tion triggering events. proces.c;es or crystalliza
lion within lhe magma chamber. and the 
longevity of luge upper crusUI.l magma cham-
bers have been imensely studied. ban are OOt not 

welll.llldcBtood. Multicyclic caldera systems in 
which the products of postcollapse volcanism 
are pmerved provide lhe ..-.;aJ for Sludying 
these processes in delail. Voluminous ign
imbriles record !he cbar3cu:risticsohhe_... 
chamber a1 an inswu in time. wherras posacol
lapse volcanism records lemporal evolulion of 
lbe magma system and may yield insighls into 
lhe transitions 10 and from lhese large eruptions 
and caldera collapse events. Good chronological 
constraints on. for example. nucs of diffL"''CCltia
tion and dmins of recharJc evt.'llts. are cssentiaJ 
to~ interpretation of geochemical and isotopic 
data Crom such sysrems. 

The Valles-Toledo caldera complex. located 
ncar the center of the Jemez Volcanic Fteld 
(l'ig. I). provides an ideal opportunily lor Sllldy
ing the evolulion of silicic magma systems ~ 
ciated with mubicyclic caldera complexes. lbis 
is because the products of two Cllldera-fonniog 
igniiOOri!e eruptions as well as poSirollapse rhy
olite domes and lephmareweU preserved and ex
posed. In this study we examine lhe goocbronol-

GSA GS.4lhdMin; Oecetnbc.- 1996; v. 108; lkJ. 12~ p. 1549-1 566; 5 flJiftS: Jlables. 
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ogy of lhe Cenu Toledo Rhyolile, a sequence ol 
small-volume pyroclastic rocks and donrs 
which were erupled during a 380 k. y. interval re. 
tween two caldera·fonning ignimbriu~s. the 
Otowi Member Bandelier ThJT (lower stnui
gnphic unil. ca.. 1.61 Ma) IUld the Tshirege 
Member BandelierTufT(uppcrSIIllligraphic uniL 
ca. 1.23 Ma). These rocts lhu~ record tb! evolu
tion of the magma syscem from immediately fol
lowing ooe caldera collirp<c """'' until irnm:di
ately prior to the next caldt..'£1 collapr.e event 
Nine pumice fall units within the Cerro Thledo 
RhyoliJe tephra. nine Cerro Toledo Rhyolile 
domes. and the bracktting Bandelier tufTs were 
dared by the sin!le crysral 1a.<er lusion "'Ari"'Ar 
technique. "lbese data form an integral pan of a 
preliminary geochemical study (Spell e1 aJ .• 
1996) and will be critical to more detailed future 
wort on lhe Bandelier ~licic magma system 

GEOLOGIC OVERVIEW 

The Jemez Volcanic F"teld is located in north
central New Mexico on the western margin of 
the Rio Grande rift (Fig. I). The overall structure 
oflheprescru-day volcanic field is dominated by 
basaltic to rhyolitic volcanic rocks of the 
Polvadera and Keres groups. which fonn the 
broad shield upon which younger silicic vol
canic rocks of the Tewa Group were erupted 
(Bailey et al .. 1969: Gardner and Goff. 1984: 
Gardlleretal .. l986). Bcginningarca.I.85Maa 
series of explosive rhyolilic eruptions occurred. 
1be flrst of these produced the San Diego 
Canyon ignimbrites. which consist of lwo small 
(<IOian')unirs (a !Ull!ignrphically lower unit A. 
and an upper unit B) thai were vented from a 
source area benealh lhe Valles caldera (Self et 
al .. 1986: TurtleviUe and Self. 1988: Spell et al .. 
1990). These were followed by the Bandelier 
tuffs. which represeo1 --650 km3 of rhyolitic 
magma (Kuent7.. 1986: Balsley. 1988). The 
Olowi Member was erupted 1.608 :t-0.010 Ma 
and resulred in collapse of 1he Toledo caldera. 

Valles-Tolodo 
Caldera Complex 
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Figun, I. C.eologi< map of Jemez Vokani< Field showing loaWon olCerro Toledo rh)'Oii .. (CTR)dotn<s 
and lcphra (partly afkr Smith et at .. 1970; H~iken d al., 1986; Sti:~~: and Gorton, 1993). Ring fracto~ 
post-Valles Caldera domes are shown as unpattemcd. Cerro Toledo Rhyolite domes shown by spedded 
pattern. M'lior Cerro Tokdo Rhyntito tophra outcrops indi<atod by """"""""'hed pattem. Bandelier Tuft' 
is e:~~:posed in large outcrop arns to the east and west of the caldera. smallrr outcrops are to the north. 
south, and wilhin the Valles Caldon1 and Tol<do embayment (not shown for darlty). Location or Cerro 
Toltdo Rhyolite trphra sections 6 and IS in Pueblo ranyon and sample localita for the Bandelier Tufl' 
samples (Kuentz, 191!6; llalsky, 1988) D~T indi<al<d. 

whereas lhe Tshlrege Member. or upper Bande
lierTutr (fshirege Member Bandelier 1WI). was 
erupted 1.225 • 0.008 Ma and resullfd in !orma
tion of lh! Valles caldera at a nearly coincident 
location (Smith and Bailey. 1968: Dailey et al .. 
1969: Heiken er al.. 1986: Self cr al .• 1986). 
Rhyolite domes and associated rcplrnr. the Cenu 
'loledo Rbyolile were erupted during the imerval 
between the Otowi Member and the Tsbirege 
Member(Griggs.l%4: Baileycr al.. 1969).Pre
scrved Cerro Toledo Rhyolite domes (some 
were likely destroyed during lhe collapse of the 
Valles caldera) are situated in the nortbeastem 
hall ol lhe Valles caltlm and within lhe Toledo 
embayment whereas the tephns are oposcd in 
canyon.o; to the east of the caldera (11g. I). Post
collapse rhyolites of the Valles caldera are in
cluded in the Valles Rhyolite Fonmuion and 
consist dominantly of high-silica rhyolite domes 
and lavas (Griggs. 1964: Bailey et al .. 1969: 
Spell and Kyle. 1989: Spell cr al .. 11193) which 
range in age from ca. 1.13 Ma 10 ca. 50-60 ka 
(Spell and Harrison. 1993: Reneau er al .• 1996). 

Previous Geochronology 

The rtrst K-Ar geochronology on rllyoliles ol 
the Valles caldera complex was reponed by 
Doell and Dalrymple (1966) and lhe complete 
dar,.. was reponed by Doell cr al. ( 1968). Their 
work yielded ages of 1.12 :t- 0.03 Ma for the 
Tshirege Member and 1.45 :t- 0.06 Ma for lhe 

Otowi Member (all errors are qUOI.ed at the to 
level: ages are adjUSIC(l. where neces..~. to con
form with the decay coos&anlS and isotopic abun· 
dances recommended by Steiger and Jager. 
1977)(Table 1). 

"'Ari"Ardatingollhe Bandelier Tuff and San 
Diego Canyon ignimbriteS was reponed by Spell 
et al. (t990). who obtained ages of 1.14 
± 0.02 Ma (Tshlrege Member). 1.51 • 0.03 Ma 
(Otowi Member). and 1.78 :t: 0.07 and 1.78 
"0.04 Ma lor San Diego Canyoo ignimbrites A 
and B (lower and upper suatigraphic units). re· 
spectively. lbese ages were ba."ied on an age of 
17.9 Ma for the Bern 4M muscovite standard 
!rom the imerlabor.rrory calibr.ninn of Dalrymple 
and Lanphere ( 1971 ). In order to directly com
pare the "'Arf" Ar ages of Speller aL ( 1990) with 
those reponed in thi~ study they must be in· 
creased by 3.9% becll""' Bern 4M has an age or 
18.6 Ma relari"' to 27.9 Ma lor lhe Hsh Canyon 
Tuff sanidinc standard used here (Hurford and 
llamrrrmclunidt. 1985). 'Ibis yields ages of 1.19 
ot 0.02 Ma. 1.57 ± O.QJ Ma. and 1.85 • 0.07 Ma 
for the Tshirege Member. Otowi Member and 
San Diego Canyon ignimbrites. respectively. 
lzea and Obradovich (1994) reported «lArJ39Ar 
ages on several Jemez rhyolites including the 
Tshlrege Member and Otowi Member. They ol>
rained wei glUed...,.. ages or 1.24. 0.02 Ma lor 
lhe Tslliregc McmllCr and 1.6h 0.01 Ma for lhe 
Otowi Member (adju~ed to an age of 21.9 Ma 
for the Flsh Canyon Tutrsanidine standard). 

A summary of published chronological data 
on the Cerro lblcdo Rhyolite was given by Stix 
ct al. (1988).17.en ct al. (1981) reponed K-Ar 

ages on a unit of the Ct.'TTO Toledo Rhyolite to
ward the middle uf the !it.'Ction and on a unit ncar 
the topoftbc!ICCtionf.'AI.47 ±OJ)4 Ma and 1.23 
± 0.02 M3. respectively (1able I). lzen et at. also 
reponL'dzirron fission lr.lCt ages of 1.39 ± 0.06 
and 1.46 :t 0.06 Ma for this sample. Stix et al. 
(1988) n.'porteda K-Arageof 1.52 ±0.04Maon 
a sample from stratigrnpbic level 27 (Table I). 
Additional age data. summarized by Stix ct al. 
(1988). lromrbyoli,...domesollhe Cerro Toledo 
Rhyolite that may provide chronological tics 
with the ICphms are discussed below. 

A stratigraphic chronology based on the K~Ar 
age data fmm Cerro Tolt!do Rhyolite tephro~ is in 
Table I. The data suggest that more than half of 
tbt Cerro ToiL-do Rhyolite tephra stratigraphic 
SL"Quencc in lhe sections studied was erupted ca. 
lj Ma: the K-AragefortheOiowiMembcrand 
suutigraphic levels 22 and 27 (near the middle of 
the sequence) are indisringuishable at the 2a 
level. An apparent hiatus of ca. 290 k. y. appca!'5 

belwcen level 22 and lhe next dated horizon. 
level 41. which has an age indislinguishable 
!rom lhe K-Arage ollheTshlrege Member. 

METHODS AND DATA TREATMF.NT 

Nine Plinian pumk-e fall units within the 
Cerro Toledo Rhyolite tephra and nine Cerro 

lSSO GeolOJical Society of America BuJietin. December 1996 
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CERR0101.BXJ RHYOI.nt"~ Jf.Mf.7. VOI£Af'i'IC FIFJ.D, NEW MEXICO 

TABlE 1, STRATIGRAPttiC RELATIONS ANO GEOCHF()N(llOOY 
OF CEAAO TOLEOO A11'10UTE TEPHFIA AND ASSO:IATED UNITS 

Stla~S.C...SeciiOf\Stwnpllo "~luf'AI!Ma:tC'I 

" " " .. 
" " 

.,, .. 

.. ., 
~ 

~ ., 

., .. 

... 
15·12 ,., 
1&.11 

15-10 ,., . .. , .. ... ... ... ... 

~7(TM) 112dl03' 

t.21~~oDODI 
I 3112~0 l)tl!f 
1 376~0D1Bf 

ND.O.(t) 
NDO(p) 
I·U•tO.OQ3f($) 
NOO.(p) 

I 213:t0.010 1 212~().Q07 
,_,.0124 138tttl.tl11 
'3117~0012 '3114t0008 

1543~0066(1) 1.521h0.015(S) 
, 324~0215(1>) 1.205~0(12.1 (p) 
1,4II,.0024(S) 141H~tloot(s) 

1370z01"3(p) 12117•0018(p) 

IS.2tOooef 

~~NIIIIOMJU..,..,.rt)ldlolaNOOoo~dlot.otl-..Sn.I•TlhlreQ!oMarnt><trB&ndeiiiiM,OM•OiorM 
U._Ba,..,.tillrTullltor;!\ronagnc;alculol"'uslniJirMfMiloc:llron'rorlt(I96Q)I•rouo,.andomr:eng~r.uniiMSWD 
~ 2.5, en~tnclldoo J and MSWO Wll~g~Uo:! m.Mageo UM .... lgllllng bJIM.,..... ol!tl• ...ananr:.. em:q ~0.5'4J 1M:t0! 
enor.Munoon.,....-.pill_an,.populalloriNndmi~MNNoncl.,..~hl..s""an.oncalcu~""'"9,_ 
-"""loO'N'anct-.,.anB~pn~2nllomtn.mean.~•k,.,..,~.,.~UIIIIIU,.,.,,__""' 
'""""'"......., t>olh aanldW\e and plliQkoc'---'YJfd, s'" .. no:r ..... P•J)IaQI!IdaM 
'Stratogr.aphlt~ISII>CI-nul'lll--.llamSIIl!liMtl. 
~hUL(11118} 

IF'nofillm<!•o-
OWttte~at(liiBIJ 
''SI~~~;•t~I.(IDee) 

T(llcdo Rhyohled(lmes wittrin the Vdlle\-Toletlo 

caldera r:omple~ were sampled trig. I. Tab!t.'!> 1 
anti 2). lhe pum~fall ~mples were colloctetl 

from two scrtions ((l antll~.localetl\.2 km 
ajl:tllinPucbloCauyon)inurdrrwwr.mplelhe 
complete Cerro Thledo Rhyolite \tratigraJt!y be-
1"'-'een the 1wo mr:mben; of !he Bancleher Tuff 
andareroosidrRdto~n!lhernostsignifl

cameruptlveevenlspreserved Wilhmthi~ !.C· 

quence{i.e .. theonsnofaneruptioowilh.intbc 

coldrr.J). TbeCerroToltdoRbyolilctepbra coo
.~ist~ofPiinian puntrce fall unils. phreatOffilll{· 

maticfallandsurgea'ihOOd<;.andepicla\lic.'ictl
lll'lmllll)'rudu.{Siixctal.l988)lbc!ephfllatt 
dominantly phcoocl)'st poor. r.:untaininl! <S'if, 

cry~lal~: the major phaw~ arc qu81U and sani
dine. and pl3gioclao;e i.< u~ually con•lituting a 
rrunurpha.<oe(SW:etai..I9811).MO!;tllllit~clln-

1ain o;cp:ar.~bl~:mnuwu. .. ufsamdinc. and lbi~wa• 

tile pnmary pba'il: anu.I)'T.t.-d. For unit~ where 
~anio.Jine wa• ~p:u;c. l:>olh .. anidine 1111d plagio

daw were analped. Dome samples range fmm 
!!Carty aphyri1: Ill phenol.'l'}'~1 ti~:b ( .. 2~'J.); moS~. 
h:l'lc .. ~'ft-lW. pherM:o;ry~s. Cerro Thledo Rhy

o\ilc !cphm <.amples were dated at the Aus1rali3n 
Nannnal Univef'ill~: ~nd dnllW! u.mple\ were 

dated at tho: Un!V~oily of Houston. Arn~lyll~i.l 
pruo:duresan:di.,..'Usscdr.epwuldybe!ow. 

Mmerlll !>l'paratc• were prepared at the Au~
lr~lian National Unive"ily. Unaltered pumlcr 
cla\1~ (•1 to •S em) Wl'Tl!' wire bru~hed tore
movesurfacem:nerlal andlhetlcru~bed Ap
proxrffilltcly Jtl-30 ~lasu wtre u.wd for ea~h 

or,ep:zrate. Whole-rock samplt:\ wtre cru~hr:d and 
sicvcl.SanidineandplaJ•oda.YwereobtaiMJ 
byMandanlheavyllquidkdlniq~fnllowedhy 
hand pi~king.and wL"n: ultnsoninlly trelltnl in 
dilu!cH1'(7'if.)for IOminturetn<.JVCIIIlhcring 

gla\s. Sep;uated c;:I)'Sial~ ranged in ~i1.e fmm 
ooll.~ 10 2 mm and weighed from ..0.5 10 5 mg. 

Australian N1tional Uni~el"!iily Laboratory 

"""""' 
Sampll'" anal)7.ed at the Au~han Nalimwl 

UniVl.T.~ilyWI.orewrappedmSnfoilandUIKkcd 

in a ,<ilka tube for jmrdi:dion. Samples were al
tcrnalcdwithOIIf:nCCmonilon;(~andanlmii'IC'I'

:tls),92-1165aflitlilkl{separatcdfromthefish 
Canyon Tum. such lila! •.'i mm scpara!Cd nu
CI'IC'Cmonitorpt:Kilion~.l.oadcdslllcatubeswt-ore 

p:w:ktdinanJ\liiTlldlationcrrnlrullf'l'linedwull 

02-mm-tbickCdfor,hieldin]!againstthcnnal 
aeutnms.S~mheticK-bearin]!gl'olii(obtainetl 

frumB Tunin.US Geo!oskaiS\If\IC)'llllldop
tK:al gnde Cal'2 we~ indOOed In the imdi11inn 
pac~~ 10 m•milur neutnm mduced qnn in

terfereiiCeS rrom K and Ca. Irradiations 120 h) 
dorltilltlltX33orX34posiliunsllll,;atrn~tnthr 

core of the HIFI\R nucleureacmr atiJJcn 
Hl'ightl.. New SIJulh Wale5. Samp!ecnm:a•nen 
wereirM:rledlhreetit11e'lduringlheimldWmns 
in tmll!r 10 reduce neutnm nucnce gmdiems in 

boththehorirontalandvcnicaldimensions.Cor
rectionfll."tfll"'~nedby~l'di.-.otopic 
analy\i~ of irndialed K glau and Cal'2 frag
ment~ were: {•Ari~Ar>.t"' 2.57 (:t-0.19)~< JO·l 
(imdiationcan K798/llll)and 1.84 (:t-0.26) 
~e 10·1 (irndiatinn can K746'lR2). tl6Arfl1Ar)c. 

"'3.50(:t 0.14) x to·~ and tl"Ar/37Ar)c."'7.86 
(:t0.0\)IC 10--I.Jfw:tnl"!lwcre.dl'\Crnlii'ICdby 
laserfll'iiunsuf4-5~nglc~tals(..0.2mg)of 

lhe f-ish canyon TufT sanidinc ~andartl. which 
YJCidC'd r~pnxllx:ab1lity ofO.I\4 to 0.454 (stan
dard deviatio~ of populalion) at each level. 

within!hcranscofmassspec;:trometcranalyik:U 
errors for Individual ana!~!li:'>.AnerrorinJ of 
0 ~'J. was u§ed in ugcc;:ak:ulution~. Variauon in 
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TABLE 2. GEOCHI'IOHOLOGY OF CERRO TOl£00 RHl'OUTE oot.IES 
ANDA!ilSOCIATEOUNrTS 

Sall1lle KIAI *k,.~{U!cta! 
10 (MIIaa) MIIUl WelghledmiiUl 

'f::g2 w.rmS!Jir,gt 1.215a0011 1 1-2157a0.025 1.283 .. 0.011 
Sllllflldlo~ 1.33et0.011' 1.32tl:oO.Q27 1.33Ga0012 

l£-16 =:":m. 1.2• ~003' 1.343a0.015' 1.3Sia0.1l2'!1 1348 .. 0021 

"' 1.33 ~I).Q2t 1.3*tl:t0.0101 1.35e.,O.D13 1$7a0D11 
TE·26 c.nnltuqullal \.27aDO:Z' 1.358t0DI21 1388ct0.04 13511,.D.DI1 
TE·13 s...r•aT<~~Na 1.3'79a0.012' 1.387~0030 1.3SChD.OII 
TE-20 loeF'MasEast I ~7:t0.05' \.448~000111 I . .Sit0027 un~o.Ot» 
TE-18 lnd,.n~ 1~a0011' I.S7a0011 1.4&4:~:0009 
TE-as r.a.Pol .. w... l,50:o0.05" 1-5'0a0012' 1.$48~0.018 1.545&0.018 
17-31 8T """'""""" ~..s,.nO!f" 11li1$aOOII' I.&Wt0053 1.825~0.009 

No/es:Unlwr.lii)'OIHauslonoMtll-..,.,aQHeaicl*IIIMiuSjl'!;l...,.,.r .. aacr...nVatk(IQ811) 
filr~WidnrmlngoutiMuntiMSWD«2.$,-includloJandMSWD.Welght8d'""'" 
agHUMwe91b"9by!M.,_,_nllhtvarilonee,WOIIIIN:Iudit05'4Je.tlcr•m:w MMII~ 
.,.~,._,apqn.AllanNndanl-.,.llons.M-Ind .... ilfi*!ITIMI'III~"o:alcullledus
"'9modlllll'P"Il"ll•geiUIIIIIICU;Iel11111yM&VUttrllwl2olrom!M""'an.8T, ~lillfTulr 
AU•,..,fl>k~.,.onundrnt 

"Sittfllal(1988) 
·~....,""" 
IOoellltlll(lM!I). 
'lwtetalt111Bit 

nnnronflueneealoogthe31mmlcngthoflbeSi 
nradiationrubes""·as<3%.'lllee~cclkntn:pro

ducabilityofthl:singlecrystalfluencemonil0r 
fusicnsindic~teslltttnosignirlcantneulmllnux 

J111dicn1Swereprescnlwilbinind•~idualpackel'l 

of crystal~ 

lrrnfillledcryslal~wsetherwiUtCaFlandK 
glassfrag:mt:nls.w~placcdinaCus.tmplel!'ay 

wilhinanultrahighvacuume~trac!ion!i!'lt;:and 

f11scdusmga lOW Arion laser Ahinr:x:ulal'mi
l;fl.lS(.'npc and 1 ~Ideo eamem system was llli!.-d to 
view sample~ during fusion. Rcacti~e gases Wl.'fC 

removtdbyaJOl.s-1SAESit!tlerpriortobcing 
adlmttcd 10 a VGJ600 ma~s ~po.-e1rome1CT by eli· 

pansion.lllcrrlalivevolumesofthet-'XInlCiion 
lineandmasss~allowed..S2'1>oflhe 

gaslobcadrrtilledklthemasss~...:ICf.~alt 
intem.ities were mea~ured using a Daly plloto
mulup\ier collec1or ~~~U!m by pealr: hopping 
thmugho;evencycles: rnilialpeJitheightswett 

detennincdbylincar~tuthetimeofgas 

adrni~sion. Man~pectro1111ltcrdiscrimination 

llld!oe~!siliYily~mnnimralhytqJe3ledanaly

slsofauoosphericltiJODallquoofromanoo-lille 
all'af!!:ODpipetll! 5)'~ Mea5um:IJI{JAs~Aira
llMwere289.9:t0.6fla),andlheappropTiate 
dl<tCrimiiWioncCitl'tC!iomofi.00458to!.00507 
(\AMU)wt~applit'diOisotoptralios.'flle 

rnt:ISUfed .'ltnsitivily of !he m:KS ~pectrometer 
was,.l.2.'lx m-HmolrnV-1. Uneblanbwere 

chcckedal\ereadt.l--~llflllly~lht.oyavenrged 
2.5 x J0-16 mol fllf mass 40 and were unde

ta;lableatman36.Mauspcttmrnc1erhack
grounds were ll1CIISUR.'d bcflllecach 110alysi~ and 

lhellfl(lroprialecorrectionsrnadeto!WI>sequcnt 
da!a.Oio;criminauno.sensilivity.blanlr:"-llnd 
h:JCitgroundsweren:hnJVelyC(XI~IID1overthepc

nodofdalaoollec.1ion.Finaldlllan:ductiolland 
age calcuhuions were- done u~mg M~r:into~b
based sortwall' (KArOatc) wriuen at tbc Au~ 

1ralian National Un1venit~. An age of 27.9 Ma 
(Sieven~al .. l967:Cebula~:U .. l986)wasu.-.ed 

forlheFishCanyonTuiTsanidineOuenreiMni
tor in calculating ages for sample.~. 

University of Houston l-aboratory Methods 

Samplesilllaly...edattheUnivcrsityofHuu!.-
10n ,.._ wrappt.'tl in Al foil und stadcd in o 6-
mm-inside-dia~ler Pyru tube. Individual 

packet~ a~ J rrunthiclr.and nue!IL-emuni-
10rs {AU~Iflllian National Univer<irty 92-176. 
F1sbCanyon TUIT<t;~rutlln~) were piJCetl approx
im:nely t-"Yt!!)' 6 nun along the tube. Loaded s.il
icaruhl!sv.ierepact~'diuanAicontaincrforirra
diation. Symhe1i~ K-bcarinsslass (ohlained 
fmmD.'I\min.U.S.Gr;.'<llogll<liSIIfYI!'y)andnp-
1lc:U grade CaF 1 WCfe included in !he imulia1ion 
paclt.agCSIOmoniUlflleutronindoced;eognnin

lcrf~s fmm K and Ca. Sample!. wl'Tl! 1Hlllli
medfor5hintheD3positionoolllecon:IXIge 

(fudrod.~onthrtt5llks.mnder1loront:he fourth 
sidc)oflheiMW"Ill\GA~reactPTallheNu

clcar &ienl:e Center ufTua~ A&M Univermy. 

lrradiatJonsUJ~:pcrfmmedinadrytuhedl."'icc. 

shielded against thciTIUil neu1mos by a ~ mm 
lhid:jackclofii4Cpowder.whicbrotatesllboul 

it\4lli\DIDl111COf0.7rpmtOmi(igatchoril.ontaJ 
nu.:gntdieniS.CorrectionfactorsforimerfcrinB 
III.'UlrotlteactionsonKandCa~~~eredetennincd 
by n:pcated analysis of K elm and Caf1 fng
mc:nts. Mc~wred (40Arfl'IAr)x; value~ were 
<0.00012. alway~ wilhin loofO.thu.~ ooeottec

lion for the oiOJ<ln.pfOAr reacuon was made. Ca 

r:orror::lion rac1ors WC'I'e (·16Ar1'1Arlc .. "' 2.75 
(:t0.06)xlo-'lllldtYIAJJl1Arh"'6.82(:t0.34) 
x 10·4. J fllt.1o~ were !leu:nnlned by fu~ion or 

~~indlvidualcryStal~of92-176sanidinc{Fir.h 

Canyon TUIT5alliclille), wtuch pverepmdudbil

itiesof0.!S%to0.20'if>(l '-..d.)nleachstandard 
po~itinn. Variation m newmn nux otong the 

80 mrn length of the Si irradiDiion rube~ wa' 
<1%. An error in J of 0.5% wa.~ uo;ed in RIC cal
culotion~. No~•goificantnL'Utron nu1 gr.ldicn!S 

wcrepre!;Cnl wi1hin individu:U pocktt~ofcry~
ta!~.as indica!Cdlly lheL"J!CCik'fll n:protlocibiluy 
<Jflhc ~ingk: cry.'llal fi'"''OCC monl1or fus!om. 

Irradiated cry~tals 1oge1hllf wilh CaF, and K 
g!as~ fragments were placed in aCu san'(llc tray 

UlanuluatusJtwcuumanac:tionhncandwL>n: 
fused usmg a 10 W C01 la<oL'T. Sample~ were 
viewOO dunng fu~ion by a video camcr'll ~ySiem. 

and \\'ere positioned on Unoloril.cdsample~c. 
Re:!ctiw. ga~ were l'l!'movo.'tl hy a ~0 L <-1 SAI;5 

gci1M'priorlnbemgadmin.cdlnoMAP2lS-50 
rna\~ ~peamme1er by C!<pansllm. 'llle rct:ui~"e YOI
ullll."'nflheexlraclion line and m:1.~~ ~l)l'Cli'IJillet~'f 
allow ~~ofth; gll.~IOheadmitt«lwthcnw.s 
<.pocUllflll!ler.PcaltinlC!ls.itieswcrcmeasuredus
ingaJnhmHJnelec!ronmullip!ierbypeakhcp
pingthnruth<it.'VCncyclcs;inilialj)l:akhclghts 

were determined by linear ~ion 10 !he time 
ofga~llllmi<.Slon.Ma'iS~di§crimina

liunandr.en"itivitywerrmoniloredbyrepeated 

analy~i~ofa!m&~phericllllon aliquots from an 
on-linepipettesy~.Mca<;ured¥Jf'lri»ruratios 
wr:rc2tJ1.<J:t1,7(!G):Ihusdi'ICiimtnauoncor
rectinnsofl.0018SwiOOJ69(1AMUJwereap
pliedtom:::a.~ ~o;o~opc ratios. ""-:~silivity of 
the mass ..pectmrnc•cr wa~ .. (.6 x 10"11 mol 
mv-1. Unc blank.~ weft' dlccked alicr o.:ach 
3analy!iC5andavo:ro~g\--dl,2xl0·'6moJfor~ 

40and24x J0· 1'mcl1 rurnu~s36 Dlscrimlna

ti!ln.lol.'ll~llivily.arul blank~ were rclal•vclyC1Jn
'ilalll liVt'ftk period nftlala~·ollcclltlll. Computcr
autnmatcd opcrati<m uf the ~ample ~I age. laSt.'!'. 

C.ltta:ticm line. and ma.<s r.p:lCIIOrnetCT a' weU a.~ 
llnaJ tla!a reductionar~dagcc;:alculatlonswcre 

done usins Macintosh«~ <.of1ware writll'll hy 
A.lkino(Univef';ilyofCalifornia.lk'l'lcelt.oyJ.An 
Bgl!of27.9Ma(S1CYeflCla1.. 1967:Cdlulal-t aL 
1911ti) was u'il'JIIfor thl' l'i~bCanyooTutTl>llllidioc 
lluencemnni1otinelllcubtingugcsfuro;amples. 

lnlftQIUbnalion olihe *'ArP'Ar dati~ 
l.ahoratories 

lntcrca!itrration oflheAu~lra!ian NatHJnaJ 
Universily ¥JArP9Ardata witll tho'lr fmm the 

UniveT!IityofHoustlmwD$:tCCOmpli~byan
alyzing .umple 17·3! (Otowi Member. Bande· 

lierTulOathothlahonuorles."l'henUL'fla;rnon
hor fOT samples run in bolh labs was 92-176. 
which is 27.9 Masamtline fmmtht: Fidl Canyon 

TufflStev~netai..I<J67:Cchulaetal.. 19116). 
'l'hld idcflucal reo;ult~ were obtained for the ase 
ofsQmple l7-3l(set!behlw)inchcmtc~lltatlhe 
11\10 tlata.<;et~ pre direcl!y rontpanble. 

Data Trrt~tment 

A majorBdvtll'ltagc~llfdatillg inilividual ~1)'11-
lll~ from c~ploo;ivcl~ ~-rupt~:tl vokanic rocks i~ 

lhal mi~ crym.t pnpulatinn~ ~•m'ii~ung or ju-

1552 C.OOIOJiCal Society of America 1\u!letin. fllocember 19% 
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Fl;u~:Z(Aho¥eandonl'ullowlq~).l50rllrvnplctbforsii'JKk<.T)'lllal•tuP"Ar~asoftbrOtmoiMcmbrr.T~M~r~nbu.and 
Crrm Taledo RhJOtite o;amples. Analysedtftnilllt thr burilmn IU"emtlwn by sotid symbols whr~ thoR ominni~UTshown by upm symbols. 
Error elliJ!!III=' lll"t' 5howa at kJ. AI'TMI'!I on Yt.Arf"Ar axil indlcltecompodtlnn ahtrnG~~~Iwrk .....,__ N<lk thai Ample 17-31 COkowi MemMr) 

Wll!l anaJyud •I b<Jth the- Awlralian NlltiMW Urdnrsily (ANU) and tho! Uni"'rslty t1 HOU!itna !Ucfll). 

Vl'fllit! pbenocryM~. alteredcry~tals. and xeno- cal em"' only and a O.~<J. J fat.:tnremor i\~ 
(ry"-'ca~~lll:ulnltifio.-d ltli'allylhl~will111nwan illtllfllllmledhyquadndicallyc<lltlllininj! itwilh 
111:nuutc o.:ropltvc age to~ ·~·tdntcd Nl••:d on the v.-eighted '<!u.ndurd enor . .ll.eo;cnd. iwchrun 

!hi.' a~ of juvenile plltn.xrySI$ alone.pnwiOOd ag...~ an: calo.'Uldled using• ml'lhoxl 1Miined pre-
lim I they .. ~,m lle unamhigti\JUsly identified 1Wo ~IUu\ly Cl:>!:inuaru!VIl!l\. J<)C)(}: Spell aJld Harri-
mo.'lhnd~ VI! u<.ed hen: to assess the hvlnogeue- ~on. 19'1Jf. All analyM-"s are R'gTeSSCd <m 1111 
liy ,,r analy1cd crySlal popularloos and to idcn· isoduoo uqng the Yort: {19691 routine. If mean 
ufy ju•-c:nilc phcnocrym first. sample means <quare of weighled devtates (MSWD) i~ gre:utt 
and populadon ~tandard deviation~ ate ealcu- dunoo2,:'i(uldlcatinggoologic<.eauerinlhedata 
lated. Any ~ample~ greater than 2o from the u might be caus<.:d by the presence of :o.cno
me-.an ure t:llcluded and a new mean call'uhned. crysts) the analysis conlributing tile mo\t to the 
Wcightcd mean\ llf these n:fiacd dau~ts are MSWU i<; arnitled and tbe remaining data rc-
also l""lllrulated usin8 tbe inve~ of tJr v.ui.ance sn:'!''ied again Thi'i prt')Cl"!;~ i<; 1\"Jl('lled ifnecc'-
11;<; ttw: wdghung factor1Yoon8· 19t\l). Weighlcd \ill)"· and lk resull rs IU(lniton:d visually by u!tl; 
lne:lllii!!CSIIR'initil!lycltkuhucdu<;ingarw.l)lli- ofafrcquencydt~trihutiondiagram.untilaho-

rn~enCOU\Crystalpopulationi<;defined.ln 

<;nmcea~ MSWil fall< from a~ 2.5to he· 
low I upon llffii<sion of !hi." last outlier. For 
MSWillc<\thant.tlli:S~:!IOOardi~tationi< 

that the analyticaiL'fTIII> ba~e becno~ereMi
rrt.llcd.ln tile Cll.'il."S we lind IK:n: it i~ JWSI likely 
lh:tc\l.ii10fllavinga~>eryllomogeneou'JIOpula

llon of analy~ from ~mall CTY~~- m.ulling in 
rela1ivdy ~emnone~~dt ~.nalysis. f-or sam
ples that define an:~pliible isochrons. the age 
and error qunled indudes !he 0.5'J> mm in 1 n 
we!la~anaddu~l~oquar-emc:J~ofMSWDermr 

toaccwnlforo;c&~terinthedalasct. 

Analymlc~stalpopulationstypicallyoonsi\1 

ofadominanlgrnupofjuVE"nil~plltllOCrym. 

SPF.IJ.F.TAL 
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lhatdelinethcerupti~age .. miu:dwithale!i:!Cr 
numberofol~r(llenocl)'Stic)andyoungt:r(ol· 

tered?Jcrystals.andlheseoutliersareldt.'lltilil"LL 
andremovedfmmd'fagecalculationbythe!ll' 
nrthod~. In a few cao,cs cry<tal pop.~latiun• ilfC 

~ hetemgc:ncou~ that age con~tr~mt<; rcma·m 
lHilbiguous:thislsdiSCUSsedfunher 

Rlrrnost~aropk."'iasuffic!Cilt:l{lrc3dmrudl

ogenic yield amang analyse~ allnw~ r~liahlc 
i'>llChron~ tn he defined. l!Jid thc!1!: ilfC talc~:n as 
gl~ingthepreferrodagi:oftheuM(<.eeT3blcl). 

fur a few 'lalllple<.lhl: weighted mean ag~ rs prr
f~;lheo;earepointedoutinthenet;tSCCtion. 

We ernphasi~.e that in some ca~os these nrthods 
ofcalculal:insao•~rc)ultinrrjcaiono(dJ.fJer

en!anal~s:h!YweVE'r.theOVft'allagn!Cmentin 

ageo;hythedilferemcrethodsillu\lmteslhcgen· 

....... 

eruJ qccoherenceofthecry~tal roorutalion~ and 
the reliahili1y nf the ~wit~. lb.J'i. !he ~ubstitu
!ion ofii8C~cakulated hy lhc alternate llll.'lho!Js 
foroorpreferredrew!tsdoe<;nnt'iigniflcamlyal
tcr the ~·onclu...,on.~ ufthi~ ~tuo.ly. 

RF .. SUI .. TS 

t:erroTotedoRlt)•oli&rTephraond 
Randtlier Thrr-Auslnllan National 
Uniwl'5ityData 

Eightfusion~orsanidinecrystalsfromthc 

Tsh.iregc Member of the Bandelier 1\if{ pve a 
Vl."l)' homo:lgl;'ne<lll~ popul.lltion of six cry~tals at 
ca. 1.22 Ma.andatoealranJeinagesfrom 1.206 
to 1.247 Ma[fahle 3J.lbe iwdtronanaly~isre-

__ , 

- ~~llniJ 
~ E

,.,....,-~-:=·=~: 

~-. . 
., 

I Ill u U U &I u u 

.,_IV 

~ull~ in exclusion of two outlier; (sample~ 
81274and8/27-7a)!IJ!dyidd,anageofl225 
:1:0.003Ma.aniniual 00Arfi'6Arnf2RK.3:t: ll9 .• 
and a mean squan- of wcisfttcd o.le~iotcs 

(MSWT>) of 0.2 (figs. 2 and 3. Tllbte I). Tbc 
mean and wei~ mean li!Wy~is results in CJI

clu\ion of8127-7a and gives similarre~ultsof 
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1.220~ 0Jl07 Ma and 1.212 ±0.006 Ma, re
~pe~.,~ly(Thblel). 

Cighl fu.1ion~ of r.anidine cry~tal~ from the 
mitldle nuw unil of the Otowi Member of lhr: 
61111delin Tuff (sample 17-J I) yield app~nt 
nge~ from 1.5RO 10 I 623 Ma Cllble 3). 'The 
i~ochron approach yields an ~ge of 1.608 
t 0.010 Ma. initial ~IU~Arot 2%.6 ± 2.2. illl!l 
aMSWnor 1.6 (Fig~. 1 and 2)afleromiuing 
17JI-~a (Tahle 11. The mean omil~ the same 
analysil and give~ ll!1 age of 1.611 ± OOOR Ma 

and the corresponding wt~ghted mean i~ 1.609 
± 0.008 Ma (Tahle I J. These lhree ages are in· 

dl~iOI/.Uishableemphasirinl!lhl:'homogenous 
asesoft.heanalpedcrystalpopulau<1n. 

Sample 92..CC..()I iJ from the Qll.)wi Memtll:r 
lgnimbritenposcdinacomple>;lychannelcdout
crup In Cochiti Canyon tJ. A.. Wolff. 1994. per

"''lRlllrommun.).Apopulationofcightanalfll.'d 
"'lJlklinccrysLalsisllcteroBcncous.lvvingappar. 
t'nta~sof\.566to1.690MaffibleJJ.An 

iS~Xhmfl~r,edu~lR!tlllthl:dalayiddsanap" 

of1604±0.(149MawlthaMSWDof15ti.f"JI· 
clu~10n of three outlier<; (fill. J) result~ in an 
i<.Oehron q:e of I 001 ± 0014 Ma. inilial 
..oArll!iAr of 2%.7 ± 22. and an OCCC(IIahle 
MSW[)uf2.6(not'lhnwn) "Thelll'l."anagci• 

1620±0042Mawilbl"II>I!XduUcdl1alaam.lthe 
wt:lghll.'tliTEIIJli~l«ll :t0.014Ma.TIL-..eagcs 
arc lndi~tingui~hable fmm that nf tile f)IIIWI 

Mcmhcrmiddlc!lJYWunU(..eellhm~) 

Sumplc Cf.l) yieldl!da very hmnngencnu' 

population of !>liZlidineapparent a~~.., avt"n1ging 
-121 M~(l'ig 3."lilble3) The IOanllly§CS(Illl 

nn an hochron tha1 define~ an age of 1.212 
:a:O~Ma. an inuial 411Ar/v.Atof29:'i.~ :t 10.0. 
and a MSWD uf 1.7 (1'1g. 21. t"he mean and 
wL'ightl!dmt:anage>tJfi.21J::t0.01()Muand 
1.212::1:0007 Ma. respectively. Kre vinually 
1dcnticlll (lith~ I) and al~1 indwk all analy~ 

Nine uni..tine ny~llll~ fmm '<llmple ('I:.(> tle
lill!."Hduminantgmupar~l ~7Mafi'Khk::31.The 

iMII.hrun treatmenl resulu in Olllltung two di~· 
tin~llyulderuutliCT'I{Cf6-5aandl,.6-7a)and 

one yOWI~r outlier (LTb-aa). Tll1s g1ve~ a ~i.x
pum isocl!:ouandaoatc"OfLloli2::t0.016Ma.an 
tnm.ai 110Arly,NoJ2'.1M.3:tHtandaMSWDof 

1.7(1'i&"-2and3).Noornis~innsarelndlcollcdfor 

themcan~of 1.404~0.124Ma. ~~he~'Of'l"l:· 

\ponding weighted mean i~ 1 111<,1 :t om I Ma 
(Tabkl)."flle.<.ttllro::>are~i~mTrtapatthe 

lo~l. 

Ten fu~1on~ of o;anidmr cry~ial.~ from CT·.~ 
y1Cldednfail1y1Klmogeneou$populal.ionwitha 
mca.rHJf I.JIDMa(Thblc<; lnndJ).A.ni~ID'Im 
rcgre~'l:d u~mg 1111 lh~ d.ua y1clds liD ~ge nf 
1.J7L'>::tU018Ma.aninitial.wAr/16ArufJIU.6 
:t 35.1. and a MSWI>uf 2.6(fig~. 2and 3). AI· 
thoujl.h ~tightly above the 25 MSWI>cutoff 
lcvcl.thi~ re~ult i~d«>med 3l'Ct'ptahlc hecau~ 
theMSWDforthestandardi~(·1~Arf16Ar 

n. _,Arfli.ArJis 1.7. The mean age indica~sex
clusion of ~mpl~ CT5·5a and aiv~s an a,e or 
L:\87±0012Ma llw:weightedmeanof~ 
d:ttD is IJII4 ±O.OOll M~ffihle 1}. These three 
<!'llimme~Oflhe age an: vinually identical and 
~mphasi1t' 1hc age ~oherenc~ of the analy~~ 

TenfusionsofsanidinccrymlsfromCI'·8 
yicldcdapopul;uiooatooJ.46Ma(lllble3).Tb: 

isochron analysisresulu in omission of one 
older !Cill-la) and nne younger outlier 
(CI11-9a):theremainingSanatys~sdelinean 

isochron age of 1.479 :tO.OZOMa.an ini1ial 
~Arf"Arof250.9::t 42.5. and a MSWDof 1.6 
(l'ig~. 2 and 3). 'lbc mean indica~e~ 1lla1 only 

<.IR-Ia be omitteD and live~ an age of 1.4:'i7 
± 0 OIL'> Ma. llt~ weighted mean equll'llcot 1~ 
1.4:'i'J:~:O.OOSM:i(fahlri).Onceagain,the.o,e 

a;eewma!l'~alltM"I"Iaplllhe Ia level. 
Sample Cf-7 i~ nearly apltyric 11nd cnnlllin~ 

dominlllltly plagiocloue fdd~. and tho~ both 
<.anil.lineantlplagiodao;e~analyn:d.A.total 

nf Ll fu~iun~ yielded unly twosanidines: the~ 
maiiiUiganalyses~ofpl'fiocla.\t'(idmtifil'd 

hy CalK :>I) Oilhle 3). None of these data defme 
mcaningfulisochmn,.Thetwo'iiLIIidineanaly
\ot'.>llDVealllL"anof 1.54J±0066Maanda 
waghtcd mean of 1.520 :t 0.016 Ma. wherea~ 
thesarnttreannemfOJ'theplaglocla~IIDalyst"~ 

omit~ ITI-4a and yields a 11'11.'an of 1.324 
z 0.016 Ma and weighted mean of 1.205 
:~:O.U24Ma(lllblc I) lbetwo~a!lldineanalyr.e~ 

arc htnadly con~i~tcnt with straugraphic rela· 

uon~hlpo; among tl\herCerro Toledo samples 

uge~:hnwL'Vcr.tho:pktgl<Xlao;eagC5arcl'"itht..'TtOO 

lmpscci<oC..• or too ineonsi~t~"llt with str.nillriiPhic 
rclatton'ihip!itutlcofuscincon~ralnlngagcs. 

Sli1TI]lleCI-4isal'10ncarlyaphyric:IOOOOm. 
inam feldspari~plagmclao;e.andbothsanidll'lt 
and plagioda~ crystals were analyud. lbe 
6sanidineanaly~dcfinearelativelycoherent 

group at ca I 4'1 Ma. wherea~ the 10 plagioclase 
analy~sare'lgflifu:anllymorcheLL'!"O!!'eHio.'Ou~ 

andlelldtod.:fineyouni."~lges.allhouglllhen: 

are some oldl.:f age:~. A sanidine isochnnt yll"'lds 
an age: of 1.474 t002J Ma. mlnhialliJ!Uf»IU 
of 296.6 z ~1.4. and a MSWDof0.4 afteromit

tingaHtly~s <.T4-Ja (figs. 2 and J). The6 sani
dine illlalyseo; dcf.nea mean of I 48R :~:0.024 Ma 
and a wt~ghtell mean of 1491 ::1: OJ)f)') Ma 
(Thbte IJ."Ilr'l<:ag~urel"OOSi~entwlth~trali
sraphicrelationshipo..Thcplagiucla'\l!analy~ 

donutdefineqni'IUCI!ron.Aplagioo!:lao,emeanof 
I 370±0.14) Moland w~ighted mean of 1.2117 

~O.DJ';IMaincludeatiiOpla&loCiao;canaJySt!. 

AsforCI~7.theo;eagesareMratigr.tphicilllyrn

ronsi~entOI"IOOil1lfiJ\.'Ci<;etohetLo;eful. 

Nine fu'lum from wnpleCI~J yielded~
enlagt."1fmrnL4741o1.99SMan\lhle3).TI~~; 

i~111:hnm pnM:edull! 11::>ult~ in omitting tlltcc of 
tltcsc;arcsultingi~l~deflncdhyslxanaly· 

SL'S{JIICSCillastwol;tiUlnaclu.<;tt,""')lu.vingavery 

narmw range of radiogenic yiekb ('"'.14%-'11'1.). 
whichgivtanageofi.4SI ±0.022Ma.withan 
apparenl initial oiOArfl'Ar of714 :tllfl and a 

M."WD of 2.2. 1be mean age omits ~mple 
Cl1-8a !Uld yield' 1.5)1 ± 0.032 Ma. 'l"be 
weightedmeanofttr.;edalaL~ l.:'i42±0.008Ma 
ffitblel).lkcausenllllcnarrowrnngcinradi
nj!tnic)'ICldllftiM:<.T-lanalyscslllldthel\.."illlt· 
iflg UOCU!L~tl1ltnl.'tl i'iOChron. we take !he WLoighll.:d 
mean as 1he hc~t e~tirrt(llC uf the age of the unit 

(Table II 
Sample C1~2 yielded apparen1 ace~ for 12 

an.alyses lh.at ran~e from 1.200 tO 1.624 Ma 
(Table 3). Seven oflbeseddim.: an isochron 
(omittin@ C12-3a. Cf2 ..... a. CT2-5a. CT2·l2a. 
andCI"2-13a) gi';in!llll ag~of l..'iJ6 ±0.018 Ma 
withaninitiui.WIUJM>Atuf297.6±R.I and a 
MSWJ.)of 2.2 (1·1gs. 2 and 3). Tbe mean omifs 
onlyC1"2-12aund gtvesan age of US8 
~ 0 033 Ma. ~ rorrespondill.g weighted mem 
is 1.55(h0.008Ma(Table )).1"he§ethreeagc~ 
are!denlicalattbelolevel. 

Wechd l.l fu~1nn~ on sample CT-1. which i~ 

from a rumicxo hed su"Dtip-aphically a few me1I\"S 

abovetllefllnwiMecnhtr.l"he!leyle!dscwu.'1"1Xl 
apparentagc~ofl.593to 1.956Ma(llblc 3). 
withonlytheyounges~t.::ingronst~"11twithits 

strahgaphic posi1i011 ;bovc the undcrlyins 
OtowiMc!T'h:JIFig.~).Thescdalafailtollefine 

an acccptablclsochronregardlessofllowmany 
outliers am omincd. A mean asc of 1.6H 

~0.032MaornitsCfl·7aandthcrone~poodinl 
weighted mean a@C is 1.6S2 ::1: IHKJII Ma 
fThhlei).A.IthollghthemcaoageisJnagn:ern..'Dt 
with the age of the Otow1 Mcmher I~ helm~). 
Uteo,edallladdnouo;cful~oo~tnuotsmthcagcof 

~ample CT-1. However. it~ age 1S 'ilraligraphi

callyam>Zrainod tnl"!cbclween lhal ofthc Cllowi 
Mcmbcrnndthc(NerlyingLT·Znablel). 

l:nrn Tnffito R!lynlltl" Do!M!I and (Jto~tl 
M~mt.er-Unl¥ns1ty nr Houston O.t. 

Slnidlnecryslll~tn = 2S) from the Warm 
Springsd01Tl!(WS-2)cxhibltthewidesJ:ranp:in 
""Ari"19Ar at~es from 1.044 to 104.80 Ma 
(TablcJ).ofan samples in this study. The tso
chronapproachelc\udcsiOoftheseiiD:dyo;c§. 
mollt ~ign1ficamly older than tht' tllt'llle at 
1252Matfig J)(WS-2g-WS-2oJ.andone 
youngercry~taltWS·2c).Rndgivr;anugeof 

1.265 ~ 0.011 M~. an ntmu~pheric initial 
.nArfV.II.rof 296 ± 15. with a MSWDof 1.1 

fl'lg 2.Tabh'2J Analyse~defin!nglhei\OI:hrun 
extubit a (iauS~Ia.n dJ~trlbtnion with a mode a1 
t.252Ma(fig.J).Whenincludingallilll.1ly~'l. 

the mean Wid ~tandard delllation~ (6.4 
:t20.2Ma)~uggc'\lclclusionofWS-2monly. 

and thus fail to illentify the uhvi<JU~ mudenf 
analyse\ at I B2 Ma Wig. 3). The mem and 

weighted mean age\ of 1267±0.025 Muand 
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DO []J ClJ n"l 
.. u •• u u ............................... _.L~. 

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

[[][]O[]J .... 
Fi~tUrr J(A.boveand"" r11dng~). l'rubabllitydi.stributicm diajU1U11!1 For IMdllla prrsenttd In Figu..., 2. Thlcltet"l'Uned !iMS QrTdala uxd 

todaine isomrons wherras thlnll!et"linmsflow llllllnalyteSFrvm•partic:uhrruniLNotl" U.tsample 17·JI (Otowi Member) wa.'J al!llllyn'Cht both 
Ute Aw;tnlian National Unlvenily IANUI altd die Uni,n'!lily uiHonsloP (UofHJ. 

126J::tO.OIIMa.respecuvely,showninThblc2 
arecalcuillledusmgtbejuvenileCJ}''ltalpopula· 
tlondefl.lledbytbeisoclu"ot:tapprooc.:handarein
di.~tinguishablefromtheisociuunag;e. 

• Sample 11'-9 from the Sima de 'JOkdo lklm: 
gaveaveryllo!nogeneouspopulationofsanidi~ 
analyse~; all 10 fell on WI buduun defining am 
age of 1.336 ::tO.o18 Ma. an initiai*'Arfl6Arof 
30~ ± 19anda MSWDof0.8(J'ig. 2. Thble2). 
These analySC">. after omuung TE-9i. gii'C mean 
aiXI wri[!hted mtilll ages of 1.326 ::1:0.027 Ma 
and1.3J6z0.012Ma.resp«-tively.whichllre 
irtdlStinguishablefromtheisodtroDagc 
Fusi(tllsofsanidi~~s(n:13Jfrum 

s.ample'ffi·l5 from the 'l\n1rcy Ridge dum: yield 

..,1\sf"#IIU "~ranging from Ulllm 1.927 Ma, 
II of these fomDngacolv:rent gmupltwdd'UJe~;a 
mode at 1.34) Ma (Ill the probahihty di'ilrihtJ(inn 

plor: fAg. 3.Table 3l.lllt i!IOChnm uppmathomit' 
cryui5TE-I5hantl"fE.I5i('lilhle3).wtuchllaVC 
dir.unctly older aQ"t.'~ than th1: remaining 11. and 
giv« an a~e of 1.341 ±0015 Ma. anmitial 

-IIOAr(!61Uof315±7{)anduMSWDr$1.2f}·ig.2. 
'Hable 2). ·111e mean and s!llldan:l deviation onnt~ 

analysis1F..I5j(l.';I27Ma).givmganageof 
1."\51 :1: 0.026 Ma. with th: corresponding 
weighu~d mean at 1.348 ~0.021 Ma (Table 2). 

Ten 'lllnidinc:: analyses from sample TE-1. 
from Unnamed dome. ntn!!e in age from 
1.234 Ma to 1.481 Ma. with eight t:lu~tered 
tishtly at 1.)54 Ma (fig. 3. Table ]). The 
tsochron approach omit~ TE-ld and TE-Ig. 
whichllll'olderandyounger.respeclively.than 
then:rnaininganalyses(l'llble3).11tcisochron 
dcrUICSanagcofl.:W8:t:O.o!OMa.withanini· 
tiul ..oArJv.Arof J07 :1: 30 and~ MSWUof0.9 

(1-lf. 2). '!be mean and weighted means resull 
from omis~lon of tht.• same analy.~s and are 
1.3!16 ::1: 0.013 Ma and 1.3~7 ~ 0.011 Ma. 
R!Spa!liwly 

A tOial uf 21 ~anidine fu~ion.~ from 'i.ilmpll:' 
'I'C-26 (Crnu Tm'lquilar) defi!IC n fairly hotll(). 
pcuus pupulation; 40Arfl~Ar ages Bnge from 

1.224Mato l.460Ma.and 17ofth:o;care in the 

range U21to 1.416M~.givingamodcati.J78 
(Fig.3.Tllhlc3l.Thcisochron(Fig.2)isdelined 

hy these 17 analyY:'l (TE-26f. T~-26r. and 
'ffi·26s omitted) .. which give an age uf 1.3~? 

~ 0.012 Mn. an inilial ""ArtlliAroDIO~ 8 and 11 

MSWD of 1.4 (Fig. :1.. Tallie 2). 'lllc mean lilt 
appm:~chllmltsoolyanalysis"ll~26qlllldgives 

anageof1.~:0.04&Mawilh~~pood

ing weighted mean uf 1.369 ± O.QII Ma 

rrablc2J. 
A OOmogen:ou.~populoulon ofoiOArP'IU ugc'i 

wn• nhfainc..l from fu~ion uf 21 ...anidin~ phc
oocrym from <;ample ·n;.l) (Sicma de TolcOO) 

Theisochronapproachincl~allWIIIIy!;Csllnd 

give'~ anaseor 1.379;,0.012 Ma. with illl imlial 
_,Arf»Ar of )05 :t 10 and a MSWD of 0.9 
Wig. 2). Tha! m:an ~ nmil~ analy~i~ '11'.-1 'g. giv
ingnnageofi.Jfl7::tO.oJOMa.III"Kitt..-wcil)hll."ll 
mean of the~ analy'll!.~ i~ U!I.O :t 0.011 Ma 
(Tlihle2J. 

SamUinc fu~inn~ (n"' 22) frum '11~20. l.u~ 

l'o<;os Ea~t dome. gave a f~irly homoscneou~ 
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CERII:flnlLEI)(I RUYOUTE. JEMFJ. VOlCANIC FlJ'Hl, NEW MEXICO 

~J;giTJUJDO 
... llllol ... - ...... .... .... 

~ liJ"' --- D~ ~-- rr==l uu - -·u 
.... ... ·-:..~._. u .. ... .. ...:J- u u • • • 1 ,. u ... u 

Wl.A=..l -·~ 
popuhllnmllcfminl! ij modeltl.46llonlhcpmb-
6bilitydistributionpi011Fig.3.TIIhlc3).Anoc 

~:~ptable isochron is ~fined afu:r mniuing 

Tl;-20r and 11~-lOu. giving an age of 1.446 
±OJ))} Ma. with a high initiaJ.,NfY>Ar uf 402 
~:n andaMSWUofl.8(i·ig.2).1~~age 

,~ 14111 t0.027Ma aftcromittingTI;-20u and 
TF..20v. and the wesghrcd mean :~ge i~ I 471 
tOO"RMa(Thl!\e2) 

Sanidinecry<a:~l~ln=2~)wete:1113l)'lt.odfmm 

sample T£,\8. from the Indian Poiru do~ 
(Table 3). "These ages fonn a Gau.~~illl di~hu
tion whb a mode at I 472 Ma (Fig. 3) ~nd a 
range from IJ86Mato I.SJ3Ma(TahleJ).Thc 
io;ochron analy~~~ include~ Blllhc dati and givs:.\ 
an age of 1.461:0011 Ma. wit.b on iniual 
~ArJ'~>Aruf29tit ll.andaMSWI)Hfl.l 
(Fig. 2). The me~n umil~ pnaly'iC."i ll'·lllc and 
r~-lllr(olderand younger than th~ mean.re
~pt."Ctlvely) and give~ an age of I ,457 
:tO.oJ8 Ma.lhc CO!Te'iponding wtlg/IIL-d ITII:all 

~ge is 1.464 :t 0 009 Ma (fable 2). All of illest" 
agesarevirruallyindi!>lu!gui.~le. 

SarudiJieanalyiC'Itn~ l7)fmmwnple·n:.n 
tLo~ Pu~ We!>!) show a ~trong mode at 
I S37Matdefwedby\3~JwithfUIIrdir 
lioctlyolderoullier~nngmgupl!1 11.51 Ma 
(Fi[!.l.Jab\.:]).~i<,ochmnappno:hll.!Sllltsin 

om.h~itmof thc:.c four older ana}yses IUid ~rve~ 
ao age of 1.540:0012 Mu. W>th an iniual 
¥JAr/J61\r of 302 t 12. and a MSWD of 0.5 
(l·is. 2). "fhc flll:aii and weighted mean ages of 
1.5411-t:OOISMallnd 154St0.016Ma.resroc· 
t1vcly.rc•wltfromoruittinslhe~outlicrs 

(tablc2) 
Sanidinl' phenocry<a~ from ~ample 17-~1 

(Otow1 Member 1 deline oOl Ar/» Ar age.~ ranging 
from I.S8J tO Q.4SQ Ma (Table 3) hoc:bron 
analysi~ ~how~ that after omiuin& S of )) 
analy\e507-31(UIIJ.17-JII.I7·31m.l7-31s. 
17-Jiyandl7-313fw~eA.:ludedJ,anageof 

l.ti!R :1: 0.0! I Ma i~ ddind with a trapped 
¥JAr/16Arof30l :1: ~anoJaMSWI>uf2.1. "rllc 
2Manaly'it'sdefiningthei'«JChronform.acoiJCr
cnlgroupwitharnndeati.62Ma(l'ig.)).lb.: 
'-'(lrre.~ponding mean and wdgltted mean age.~ 
of 1.644t0.o5?>Maand I .til.~ ::t:O.OO'JMa~ 
wh from omining the ~.~~me outlier~ as the 
isochmn. 

DL"iCUS."ION 

Randtlin-Tufl' 

lbc'*"Ari"'Ar agc,ulllained in !hi§ study nf 
I 22.~ :t 0.003 Ma (Au'itnllian NaJitmaJ Univer
~ity). 1.601!1 :t 0.010 Ma (Australian National 

Univerdty) and 1.011!1 :1: 001\(Univcr.o;ity of 
Hou~ton) for lhl' T>bin:~c Memhcr and O!llWl 
Member. re!>pcrtlvtly. an: \1.4'io older (fdlirege 
Member! to 11.6'if- oldtT (Otowi Member! than 
lhc K-Ardat~n:-portcdby DocUC'I aJ. (1961\) 
ll\i~diffc:ml(:("iSmostlilelythereo;ullofiflcom.. 

plcte tks:J!I!img of ~anidine during the K-Ar 
anal~ (e.g .. Webb and McDou~ll. 1967; Mc
Dowell. IIIlO) Spelle~at (l'l90)!.lbtainedagt"S 
of 1.19 :t 0.02 M~ and I ~7 tO 0~ Ma for the 
Tshln.-ge Mcmhcr aruJ Otowi Memller. respec
tivcly(whcnadj\l.\ledwanagtuf27.9Maforlhc 
fhh C!lllyun Tuff:~ J're'liou.~di!.CU~~ion).l,.dl 
anll Ottruduvich ( 1994) ~epnned a~ of 1.14 
±0.02 Ma fut·thcTsltiregc Memllefand 1.6l 
::t:O.Ot M:t fur the-Otowi Memher thai agree w•tb 
the ageo; n.:poflt:d ~ ll!ld 1111! ~igtuly ~•del" fum 
(altltough!.M.:rlappingat20"errorsltheage~re

poned!nSpelletal.(l9'Xll. 
Note!halanal~softheOtowiMember§am

ple from Coc:hui Canyon 192-CC..OI. from a 
complexly channeled ou!Crop) form a much 
ITKII't:agehelerogeneouilfOUPthal'llhosefrom 
wnple 17-31 fromthemassiytmiddlefiowunit 
of lhc Otnwl Member. Funhcmx1re lbc ra.ch 
lart:ernumbcroflllllllyse.~nf !7-31 II t11cUni· 
versityofHouston(n=D)sMwthepn:-<oeneeof 
•cno..:rystswllichwcrenotapparcntfromthe 
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"D.BLE 3 ""N,.N ANM.YTICAL OATA FOR CERRO Tot.£00 RH"o''UT1; SAMPLES 

TMI!IeO'.......,.,IImdfllllr'I\III',PIInlllnUnlt.J•D.IIIIIm730,AuttnlllanNitlarlftl.lrllworwlly 
8127-14 8127 11.711 13.19 2465 91.3 1M 1111191 
BIV-21 5Z64 8245 t.7lllii 18.5e to.3 1115 1.7123 

~: ·~;:o ~~~~ :;~! :;; ~-: 2.05 : ;:: 
11127-511 3153 7118l! &.4811 12.12 91.0 2111 171)o17 
8'27... 10.30 12.411 13.13 25~7 tel 208 11$832 
8JV-7a 2.378 11 ~2'1l 8 510 15.71 ... 2 2.18 1.7403 
1121.- 1.2'30 1.502 UM 14S2 1162 1.97 1.7088 

"' !Mils a) 

c-TIIIIIdDRJryollltr.ptu:I,Stmlgr8pl'lle~I41.Aftl.lft2-141,J•O.ooo.GIIM,~NiliDnai\JrMnlty 
CT~14 2.01:1 6.383 6841 1\.SS ecl7 2.11 16336 1.20!1z0008 
CTJ.2a 2141 11881 G.121 2145 688 2.14 163811 1.21Cs0014 
cn-3& 3164 U82 7.128 12.MI ne 2.06 16ss.t 1.221aO.o1il 
CT!J-.O.J. 3937 eOSII 8730 12.28 119.8 ue UI3BO 120Bso.OOII 
cn.-5.1. 2-111 4931 SK'! 9.413 t2.4 2.oe 1.6527 12Uis0015 
CT9-61. •-~ 2.sw 5.32S 9.355 1143 101 leM~~ l.m.oou 
CT8-7a 7.783 621!111 5220 10.91!1 78.2 U•4 UM14 1.2ll:tO.ol8 

g~ :~ ~-~ ;~ :.~ =~ ~-;: ~-= i:::~_g:~ 
CTV-10. UltlO SOle 87&e; 03~ 1 se87 1231 ~0010 

OmoTollldaflhyalfttTeptwa.stml!ll1lllhii:L.nt31,ANUit:2·1•J•O.OIIDOII210,AiaiAIIM~Unlvwlllf 
CTS.Ia 78.3\ 11212 48110 32.511 287 .$14 1110115 1.422,.0.0IM 
era.~ 2.m 4.107 2S811 s.54t 11-1.1 3,52 1.8264 1.3tMho.a22 
CTS.3a 1389 3791 1.87!1 1!181 tilO 443 188011 1-400,.(1020 
CTS.So. 1.18-1 34117 I MIS olAGII 91 e 41\ 2.\VOI' 1,03\ ~1).031 
CTe.eo n•s 4.8110 2114 51~ 754 soe 1.8288 13112~1)021 
CT&Ta 0808 4322 1.741 3!38 .. .8 546 2.GIHO 1.552~1)0<15 
CT&-811 15~ 2.234 1)11311 11263 2ol.3 5.~ 1.6251 1.210:o0037 

g~:. 1~~55 !~ ~~ ~:: :·~ ::~ :·= i·~~:~~~ 
OlnoTot.dc>RhyollhiTeptva.str.urgr~lew!JS,ANUit2·137.J•00011'141of.Au...,tlanPYlklnall~lty 
CT~1a 30S8 $.571 4,&4\ 111110 !101 436 1.8567 1.387~0011 
CT~23 1.1174 1t711 7.1143 15.~ 854 3.31 t.-1 1411,.1)011 
CT~31 3.!>1.6 t1~1 1,550 11.575 18.3 3.12 18543 1385±1)0111 
CT!'i-4 131111 S.SOO 3740 7.111 936 3~ 1.8552 1.31!111,.0015 
cr~s. 1.1112 174!5 2.n11 51140 at.ll 3711 18066 1.34h,l)022 
CTS.6a 2.1111 11815 3.312 11821 899 443 1853ol 1.384"&"00111 
CT>7a 1.!103 a.Ma 3.11&3 7+48 1125 s.n 1.8064 1.3113,.0014 
CT.5-8a 3.383 1.1130 3113 11845 148 497 1111137 138:h00ll 

g~~ i~~ :::: :·:~ ·:·::11 =~ u: ~-=~ i:~~=~~ 

C.rn:>TotadoR!tyollblhplui.SUatlgt'1141blcl-'22,ANUII2-13t,J•O.OII041010.AuahllanH~I~ 
CT7·11 3.4117 8.206 3320 7.788 Ml.1 -5.44 2.0188 I 4911~1)018 
CT7·211 1.880 2015 0.3711 1.117 51.5 120 1.51114 1.124~01~ 
CTI'-3.1 1.658 1U9 0.250 0.1111 47.4 12!1 1.129-'4 1281~1)119 
CT1~ 0.!.98 l1.:JO 1)315 UH2 M2 121 21912 2.061hD149 
CT7·51o 1.71111 21.~ 0.33.5 1287 fSO.O 141 2.:JD11 t.109,otiXI 
CT7-&I 0.7911 2143 0.382 C.MD 76.6124 1.1il0811 1.113,.0084 
CT7·71 0-512 14.13 0.291 0745 71111 112 2.1)117 1.4112~01tl3 
CT7-a. 0-8:311 13.07 0.:81 07311 8711 110 1.9076 1.413~0-210 
CT7·DII U57 4.995 14117 35011 17.0 7.34 2.141!11 1.500~0027 
CT1·101 2088 17.01 0.317 10911 4411 118 1.~70 1.153.,0058 

g:::~ ;~~ !~·= ~-;:~ ~~ :~-~ ;: ~-~ !·~:~~~ 
CT1·13a 1.501 21.45 0.445 11311 8231011 1.~1 1.180±0041 

c.m.Toa.oo~T.,.,.,~....,_.II·22.ANU.I'I-I:sii,.I•O.IIOI:Ift5IIQ.aa-.ttanNallonaiU~ 
CT4-Ia 1.171 11.250 2.118 8-"85 93.8 6.911 207W 1480"'0013 
CT4-2a 1.1188 31.42 0.1123 1.1134 71).5 Ill UIB81 1.320s00ol-5 
CTI-3a 1.$011 ttl.13 3.11-15 B.3011 n11 10.1 21:J:!1 1.521±0.01\ 
CT..... 0.1911 17.15 0.347 Ull1!> 768 1011 2.1~ 1.531.,0150 
CT4-&t Ullfi 30.411 01115 Ulll1 80.5 t09 2.21C8 I.SIIh0.010 
CT4-& 1.202 tl.7211 3.002 8844 936 4113 2.0112 1 478~0.017 
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Cefrol*doAhyolb,c.rron.quw,.J•O.OOOS355....._...,ol-(~ 
TE·26o 08114 2.2!1o4 U181 :uoe 91.7 2.® 14039 
TE·2!ip 08118 2.J7J 102:2 I~IN 1175 4111 13882 
TEe-~ 123:! 11147 1.101 1750 791!1 300 12tln 
TE-2tlt 1.088 1.558 0.11110 11118 80.5 2.115 1,3165 
TE-2111 l:r.ll' D.QOO :1'037 3087 81!1.3 000 133:!4 

~~::'u ~~ ~i: ::: ~-~~ ~-~ g~ ~ = 
c.rt>T-Rhyolb,l!l..,....llkT'*do.J .. ~n.~orMouston 

~~:!: ~~ 4.11>7 '·"' 4.!24 .... '" ""' ·= 3.105 41112 '" '" ·-0578 2.122 1417 '"' "·' ,9 ·-TE-13d .. , '"' "" 10305 .... "' 13793 

~:~: '"' '"' 2.1911 3.\85 "-' 2,41 "'~ 04111 2011 2.1112 "" 002 "' ""' TE-13g "'' 2.812 '-"' "" .... ·~ 
,.,,., 

~:!:' ·~· 
.. , '"' 11711!1 .... 

·~ .. ~ 
"~ 1211 '-"' '"' .... 

~-~ !.= ~:~~ 
,.., ·- '"' "" "' '"' '-"' .... ,., 

"' 
,_, 

·~~ TE-131 
·~ ·~· "'" "'' '" '" ·-TE·Ilm '"' "" 1 .... 2 .... '" '" '-"" TE13n 0976 '-"' '·"' '"' "·' 2.74 '"" TE·I3o "'" 1.173 '·"' '"' 91.9 "' 13711!1 

TE-13p '"' '·"' '·"' .... .... 1.01 1.3070 

~:!~ ·~ "'' '"' 
,,.. 

"' '" 14141 , ... 
·~' "" ''" .... '~ ·-TE-13s '"' 2.1 ... 2.1311 3115 ... "' ""' TE·I31 "~ .... "" 1,116 "' '" ·~ TE·13u '"' "'' "" "" .... "' 1:1491 

CM1'0To1Mo Rhyolb,La.Poeool Eul,J .. o.OOOSM,~ OfHou.ton 

~::: "" 0412 3671 5612 .... '" "'" "'' "" 4.013 '-"" ... 2.42 147il! 

~:= 
0016 "'' 

,_ ... 
"'' "" 2.78 ""' ·~ 2115111 '"'' 21812 "' '" ,.017 ,.,_,. 0416 '"' >M< ,_ ... 2.45 ,_, 

TE-2111 ·- 2317 1.~15 ,_ .. 2.18 ·= 
~!:~ ·~· 

UM 2.07D 3148 "' ~-~ :-~ 2528 '"' "'" "" "' ·~ 
.... '"" 2575 ... '" 15240 

~~:~ Oillll ,~, 1.11t2 "" ... 2.59 ""' ,.., '-"' 3.215 ''"' '" '" .. ~ 
i~::., 

,., 
'"' 1.197 1.826 '" 2.07 1.4912 , .. , 
'"' 0.752 1101 '" "' '"" IT·"" ·~ "" ~-= ·~· '" "' 149112 

TE·20o ·- "" "" "' "' 1.49!11!1 
TE-201> "" 

,_., ,_.,. 47117 "' 3.31 1.52'27 

~t~ 00111 '"" 4516 71111 "' ·~ 1.517? 
0.1211 1 ... 3:20 3.741 

~-= 
.... ,_., 1.5481 

n;., '"' 
,., 

'"'' "·' '" ·--~~::. '"' 8.1" .... "'" "-' '·" '"ro ·- ·~ ·~ ·- ~· '" 13<111 
TE-2011" '"' "" 002 '" 16100 

C....OTollodDAhyolh,lndlanPalnt.J .. o.C1005315,1Jnlv...ttyallt!;aM!~>n 

~~:!:: .. ~ ::;: .... ·- "' '" ..... 
2.078 ~·~ .... "' "' ""' TE·IIIc: ,.., 

'"' 5.Y7 "' '" 1.57Sll 

~:::: "'' 2191 '·"' "" .... 2.37 ...... ·- 14512 10.7!18 18(1115 '" ·~ 1~149 
TE-181 .... 1•.3&11 :~ 1:·= =-~ "' 1,!.24(1 

~::~ "" 7.7~ '" 151(16 

'"' 2242 :-~~ 2.7112 .... 2.31 1,4$07 
TE-181 '"' '"' 1.759 '" "' ·-~::!'- "" 

,.,, 
'"' 4.106 .. , ,,. ,.7S4 ·- l.5n 2.272 "" "' 2.81 ..... 

TE-181 "" "" 2.687 '"' "' .... 15118 
TE-18m 

~ffi !:: ~:~~ :~ 97.0 '-"' um 
~~::: ... 

·~ 14156 
·~, '"' 1.157 '" '" 1.4700 

TF-IBp ·= '"' 21111 , ... '" 
,., ,_, 

TE·18q ·- "" 1.51!7 "" 
.,_, 

'" :-:~~; 
~~:!:~ ~~ "'' ~~ "" ... '" "~ 31111 "' 
~!:l~ 

2018 2674 "" 3081 au 

~n '"" ·- 21179 "" "" "' 1.5012 

"" 1,1)8\ "'' '-"' .... I<U\21 

... 
(Mat a) 

1361h00211 
1321:t0040 
122•h00M 
1271:t0069" 
1.287:t0.03T" 

~~=~:= 

:~~~-= 
1340:t0.113 
\31!12:t0.027 
133:1':t0.069 
1.381:t0.038 
1475,.0.o:!8 
1.40:h0.031 

:.:::::~~ 
1342:t0036 
13711t0031 
\357:t0.048 
14011s0.019 
131ioh0054 
1.380:t0.052 
1.31Ml:t0.023 
1351*0.011$ 
1340*0.03li 
1.373•0.080 
l.~:tO.oell 

1.503t0049 
1451,.0.030 

l:E:i-~ 
1.5CI4:t00114 

:~:~-~ 
149tl:t0040 
1408:t0037 
14115.,0.030 
1403:t0050 
1.522:t0082 
1471:r00Zl 
1470.,0032 
14H:r0~ 
1,q&.,0018 
1519,.0022' 
1.4Tli.,00311 
1.50llt00411 
ll8!i.,QI)oW" 

1Ji.IIO:r0038 

1!i0h0028 
14M,.o.m 
1SJ:h0048 
1S00&0.080 
1.474t0.01~ 

:~:~:~ 
, 411 ~0.038 
1448t0082 
1435:t0030 
1458:t0030 
147\a0027 
1458:t0043 
1436~0025 
1.4311.,0051 
1.409,.0(133 
1480:t0048 
1.3116t0040 
1 .• 14:t0.(12$1 

; !!~:~-:: 
1442ot0036 

''"""""" 

TASI.£3.~ 

·~ ·~ ·~ ·~ >w ""' " ~~1fT" moll {><lfT"mol) {><1fT" mol) (><lO"""mol) '" (><lo-"1 

~e!"._~...,...~-o.~7~"'-'tr110::-"'"/~ 
TE-IIx 0.4110 2.11811 1.814 2.911 05.1 2.fiG 
TE·tlly "" 2.204 3.038 4.856 95.7 1.29 

Cenol"olldo ~~~ u. ~WMt • .J .. o.oooses, unmn.~tyur Hllwlon 
~:~ 

,., 
,~:= 1.814 '"' "-' '-" 

""' "" '"" .. , OM 

""' '·"' 12.1$211 ~.:: 11.1112 U> '" TE·2tld 1.7 .. .. , ..... 57 "' 3.12 

~~: ~-= ~::: !::: ~:= "'' 
.., 

002 o.ro 
n;., 

!~ '"' '"' '-"' ,,.. 3.19 
TE·~ .... '-"' ·~· 

..., •n 
TE-251 , ... 

~.:: 
..... 2618 "' "' n; ... 0.720 '-"' 1.575 .,. '-" 

"""' 2.1&4 2474 o.et3 ..... .... '-" 
~::,. '·"' '-"" '-"' "'' "'' 

.,, 
!.:! ::~ ~-~ 3.45$ 91.1 4.\2 

TE·:!Sn ,~, "·' 5.07 ,. .... 0,7$8 

i:i '"' 1812 m ,,. 
n; .... . .... '-"' 1.9$1 ., ,_,. 
TE·25q ,.., 

'"" ·- ~-· '" 
~lllll!blr~ndl.16:1d .. Aowl.lnll,J•D.OOOM70,IJI'otvwdyoiHouetan 
1731011-11 10.418 

:~:~~:: 
, ... 

1731VH·1d 
1:·:: 

:g:~:; 21.1184 

:~:~~:~ ~~·= 
1731UK·ll 11.7&1 
1731VI+-1) ,__ 
:~:~:~ 1~:~ 
1731UH·1m 151152 
1731UH-1" '"'' 1131UH·10 ,., 
1731VK-1p , .. 
m1~~:~ "" '-"' 

'"" 17311JH·11 
·-~ 1731VH-Iu "" :~~:~~::~ ~;~ 

1731VH·1~ 2.016 

~g:~~::~ ·~ '"' 1131VH-1u ·-1731VH•1,_ 
·~ 1731VH·1&o: .... 

1731VK·1all 0816 
1731VH-1u 

·~ 1731VK-,_! '"' 1731VH-IIlQ 0.128 

~malleraDAlyucal>etatlheALIStnlianNa\ional 

Un1vt'tSity (o ""&l. The~ diffen:fiCe!l <;t!I"W: 10 il
tu~tratt~potentialf<lrvariabililyintmducell 

bolflbylllc !\afllpl~ ltlldtly the rrumti..'I"OfllfLlly· 
o;eo;intheanal)7.edt'TySLalpnpulauon. 

C~rnoTn~o A.hyolilt-Tephn 

1heo!AlArf'IArage;obtainedm1hi\s1udyare 
hroadly con\i<;~:em wilh previou~ly replflt'd K-Ar 
andfis.'iion-u:ru:kdrua{Doelle1al .. l9til!:benc1 
al .. l'JIIl,SID:elai.I911R:Tatll~land2).Cerro 

14.803 "'" .. ~ "' '" '"' .... ,,. 
·~ 3.1107 8.(147 "' ·-~ ,_ ... "n "~ ro.o "' ..,., 

·~ 
,_ n• on 

""' 
,,.. 

""' ... 3.81 

~:-~ "" '"" .... "' 11.837 """ 
,,. 

"' Zl-1173 13.135 ,_,.. 
'" 3.12 

14.240 .... ""' 
., 

'" 'i~: ~-~ :!·!~ "-' ·~ ... ·~ 4878 3.619 '"" "' 2.41 

"'' 2.071 "" "-' "' '"' .... "" "-' "" '"' '-~ 114711 ~' 
, .. 

4.001 3.071!1 '"' ~· 'M '-"' 2.507 521J K' >.n ,.., 
'"' .... .... ·~ ·-- ·- 7115 ~' '" 7.672 4.673 "'' ~7.9 ,_ro .... "'" 4131 ... "' ..... '-"' 18""1 a> , .. 

"" "" "'' ~· 'ro 
11.51fl ·~· 10010 ~· "' 5.507 ... "" "'' "' '"' 1.447 2.81i11 "' ... 
·~ "" .... n' ·~ ·-- ,__ 4175 n.o ·~ "" ""' ""' "' .... 
::: 1.7$1 •m '" "" ..... "" 91.1 oro 

'"' 1.312 .... "' 

Tok:do Rhyolile Lepln <.ample Cf-'l. ti:Ued here 
a~ 1.212±0.009MI,rn:IYmm:o;p.mdtotheup
~·cpqmiceuni1datedhyi1Cne1al.(l',l8l)as 

1.23 :1:0.02 Ma Allhough Cf-9 ~ ~1Dtigraphi· 
tally hcltl'lll the T~hi~ Mcmbef Plinian unit. 
l~twoag~areindistingui:lhahlcwilhinanaJyt· 

ical•'ftQf'l.lllisindicato:stbalsig;oifl("alltefUptlve 
actlvhy wa• occurring wi1hin1he CCTrO Tokdo 
Rhyolite prior 1<H'I'Uplion of til!" Tshi~ Mc.'l\l
bcrandcotlapscof1hcVallc~calder.J.. Sample 
Cf:tl has a •0Artl'!Ar age of 1.479 :1::0.020 Ma 
and(OIIIjlW1!SfllvorublywilhaK-Aragcofl.52 

aAr;;...,. ... 
(Ma•<l) 

"""' 1459t0.030 

"~ la:oO.I)(S 

'"" 1.402:d1.020 

'"" L!fllh(I.07S 
1&181 16otliaQ.055 ·- 1.53ol:t0.021 
1.5575 1.51!17.,(1.0411 

""' 1.551h:O.OIMI· 

'"" 1$3\:oO.oee 
1.5231 1.552ot0048 
15219 1..56\:di.OII& 
15188 I.M7:t0.042 

""' 1..661,.(1.003 

':= 11.!C:Mh0.131' 

~.E=~-~ !~~ 
'""' U315tOOB.s' 
1.5192 :·!;:g_:; 
'"' 
'·"" l.a.Gt0028 

'"" 1.&11t0.031 
17057 1.7 ... ,.0051 
1.6150 1.651,.0.038 

'"" 11123%0.029 
1.5758 :_:;;~~~ 15815 
1.5801 l.m,.o.OZ2 

'"" 1.51111:t0.014 

'"" 1.638%0.03:! 
15783 1614t0.0Z2 ·- 21113t0.031' 
0.2714 1450t<l060" 
17217 1.7eQ.,0.037 

'""' 1611.,0.024 
1.!1118 1.11o18.,<1.025 
1.5780 1.614:t0.023 ·- 1.noo,.o.072 

'-"" ~:!::~-~-\11\25 

'"" 1.113!!,0.010 
1.5578 1.593t0.03(1 

"'" ::::::~:~ ·~ ·~ 1110!7.,0.~" 

1.5780 1.614.,0.018 
111744 1712.,0.0ol2 

·~" 1.5M:t0.02:Z 

'"" 11175:t0029 

""" :.~=~:= 1.5•478 
1.7169 1.75&.,0031" 

1.1171h0.044 

±0J)4Ma11:p011edbyStixe~altl9!18)ona~ 
pie fmm the "-lme ~tratigruj~hlc level Althuugh 
our'IUT!pil'C'T-7gavenoretiabledate.hro~re· 

l~.\11:11igr.tphic:lllywilhCf-4(1.474Ma}and 

1bclowttpumiceuniln(IIL'11CI.ai.(IOJ81)llalcd 

asl.47:t:ll04MahyK·Ar(f"aNel). 
Tben.:-w..,Ar/19f\ra~are~nlnFigun:4 

inrela1iontolhcir'>lr.uigmphicJ10!>ition.Thcn:i• 
agrecmen11'1c1w~ the agL-:.. induWng lhov.: nf 
thcb111Ckctingllandc-licrtu1Ts.and•tnlligraphic 
levc!in1h••lephru'>l,."qUCnce.OVCT11ll.lhc-.am
plesfall into group• ~i\hage>ofca 1.54.1.411, 
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CW?o,_Rhylollbt,c.rro~ • .I·O.II005356,~01-(conllrtwd} 
TE·26o 0984 220ol 1.1181 U9e .1.7 2CI!i 1.cm!l 
TE·26p 011811 231J 1022 1.5" 17.5 4,15 1~ 
TE-26q 1~ 18417 1.101 1750 796 300 12fl72 
TE·2ef 1088 1!;56 0 • .0 1.tlltl 805 2.65 1.31151> 

i~:= ~~ ~-~ ~:~ ~:~ ~~ ~-~ :: 
TE·2eu 08Dfl 0001 1.3$6 2197 \18.1 0.00 141202 

CarrotrMdo Rhyolb,Siilrnlo ... Tolldo,.J •o..DOOM71.umw-tlyolitauston 
TE·13oo "'' 097 '"' 4.!24 :·: '" ~~~~::: "" ... 3.105 4112 •u 

0578 •on \417 '·"" ,. •s 
~::: :·:: "" .... ""' 

,.., 
~-~ '"' 2.189 :·::: "' TE·\31 0418 2011 2.1112 '" 1.87 

TE·13g '"' :?.812 '"' ·~ 
... •. M 

TE·13n .... '"' '·"' 8718 
::~ "' ~ .. "'" 1211 '·"' "" "' ~::!l 

, .. '"' ,. .. 1.291 9\,1 2.81 

"''' '"' ·- "'" ~· •n 
TE·131 '"" "'" '"" ~= :~ ::~ TE·13m '"' '"' 1.412 
TE·\:11'1 <>On ""' '"' ""' "' 2.14 
TE·13o "" 1.11J ..... .... '" '" TE·llp '"' :·= '·"" .... ... 1.01 

~::~ '~ 3.!173 ·- ::.~ 0.59 ·- ""' "" ·~ ·~ TE·13s .... 2.7 .. '"' 3115 '" ·~ ~ .. ,,., ,.,, 
"" 1.\18 :·: ,., 

TE·I.'lu "'"" .... ·- "" "' 
CarroTo*loRhyolb,to.PII-.b.S..J•D.000544,U""*"'!yoiH-~ 
TE·:MI• o224 &.412 3871 5.872 •u 3.15 
TE·20b ooce &678 4.973 7.350 w9 2.42 
TE·20o: 0018 5~ 3.449 5.0o48 1000 2.78 
TE·20d 0.320 20510 14603 21812 99.7 2.S3 
TE·20e 0418 3.322 2""5 31111t1 961 245 
TE·201 1261 2317 1,915 32fi 888 218 
TE·20(1 (13$~ 2 •156 2 01e 3.1•8 10.1 2 12 
TE·2Uh 2528 4478 3«.3 5400 865 263 
TE·2!l< o~ 1.$-14 1.638 2.575 se.8 213 
TE·2Cj Otllt 2607 11M2 2.95<1 1111.9 25g 
TE·l!llll 2MB 5.050 3.215 5603 153 211 
TE·2()1 Ole(~ 1.rnl 1.197 1.828 975 2.&7 
TE·20m 1840 135-1 0.762 1.701 6115 325 
TE·20n 0~ S827 28211 4321 W78 358 
TE·20o 0480 4.438 2288 3.559 M2 347 
TE·20p 12'00 5.432 2.809 4767 927 3.31 
TE·20q 097~ 107911 4515 1110 961 430 

~:: ~:: 1~= ~-:; := =~ :·~ 
TE·~ o224 a.tn 1."" 2.357 87.5 9.83 
n:.201J 0656 •!ISO 19011 21140 933 175 
TE·rov 1529 1.801 8112 163 

c.m.Tal.dDRhyol .. ,lrodlanPDint,J.o.~~of~"" 
TE·1b 3104 8.6(5 54-4& 11.3118 1103 282 
TE·I8b 2.076 187fl 5.487 9054 1105 215 
TE·111e 1.051 4228 3423 5.G87 11(.7 2.22 

~:::: !.= ,!~~~ 1~:= ~~:as: ::~ :·~ 
Tt:·ltl 119$ 14.3e8 1530 13.458 1184 30) 
TE·18g 5o&U 7.7!1 4IM1 11052 823 283 
Te·l&~ om zz•z •.742 271!<1 1104 2.31 
TE·181 0240 224:! 1.14.1 1.759 Del 361 
TE·IIl 0632 UZ:I 21135 4\015 1M3 300 
TE·11k 0480 3512 2272 3525 912 2.81 
TE-181 4432 -0211 2.687 5~ 78.0 2.68 
TE·IIm 02811 323!i 11J7 2173 87.0 333 
TE·18n 0608 4068 3117 4W 96~ 230 
TE·18o 0512 1057 1227 1857 t2.3 I.M 
Tf.tap 2032 2.1555 2 ~~~ 3&$15 83.Q 2"3 
TE·\8q Oa&e !OM 1,5f!7 2.588 92.7 123 

~:::. ~.!: ~~ ~ ~ ::~ ::.~ ~: 
TE-181 2011 2874 1107 3081 81.1 2112 
TE·!Bu 0.944 2879 2246 36311 925 2.31 
TE·18v 7e&O 1.081 2~ 828 076 

:·= 
·~ 1.3793 

::;: 
""" := 
·~~ ,,., ·-"''" 13716 

:·~!~ ·-"'" """' 13491 

..... 
'"" :~ 
I!)Oit9 

:·~: 
1."507 ,.., 
1475<1 ..... 
15118 

""' \47!16 
147111! ·-· 15217 
14251 

·~ ""' 1.5012 
141!21 
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... 
(Mat II) 

1.356s002B 
1321<:0049 
1.224 .. 0.0!6 
1.27l:t0069" 
1.287*oror 

:~~~=~·g: 

1.311<:0.044 
1430s0052 
1340t0.113 
13112~;0.027 
1332t0081:1 

:~~=:= 
1.403sll.ro1 
140o't0.070 

::=::::: 
:~:~.:! 
1.401!1 ~0.018 
1.354t0054 
1.380t0.052 

:~::.:: 
1:l48,.0CX» 
1.31Jt0.010 
1332s0088 

1.503:t0tlo'& 
1.45h00:10 
1431t0048 
1463t0.012 
143!L•00151 
1..5Ciott0.~ 

1.444t0.03' 
1.501.0.029 
1~9(h00'9 
1"88t0037 
146Ss0.030 

:::::~:= 
i·!~:~= 
14$-I<:O!W41 
1481h0018 

: !~:::.::-
l.50esO.OC8 
1365,.0040' 
1SI!Os0038 

150h002\l 

:.~:::: 
1SOIIsOOIO 
1474s0015 
1413t0.017 
1410s0.029 
1411 .. 0.031 

::::::: 
1458,.0030 
1471•0.027 

::::~:; 
1 . .a9i:0.033 
1480sOG48 
13eetOG40 
1.4t4t0.020 
1.-427 .. 0.041 

;::~:g.= 
{~ 

1561 

SPI'JJ.Efi\L 

CmoTolloclo~lndllnf'olnl..J•O.~,Urllnrdyof~(~} 
11':·18w 5.488 64&5 2.076 6198 741.3 3.7'11 15002 14511,.0030 

1488o;O.IU5 
14102:r.0.020 

TE·18x 0.41118 2.186 UH 2.1111 ~.1 2.8& 1.5290 
TE·IIly 0.120 2.20ol 3.031 415& 95.7 1~ 1.5333 

c.m.Tv~~NoJII!yt:llft,f,LOII...,_w.t,.J•OJI005M,U~IJIH-aon 
TE·ZS• 0.800 4.784 1.814 3020 92.3 475 
TE-25b om 10.088 2.ear 4.224 855 8.80 
TE2Sc 4.320 12.020 7.018 11.W IISIS 3.2C 
TE·2!!d 1.741 4427 2.54& 4A57 88.7 3.12 
TEo& 0441 2.1m 1.2&t 2.048 83.9 3.75 
Tf·Z51 1.0811 3.381 O.Q6 1.1553 11.2 870 

~~:~ ~:!: ~-= ~::: ~-::: :~ ~:~ 
TE·Z5i 0448 2.6U 1.141!1 2&18 95.1 309 
TE·21!j 0720 1 . .!1G1 0.1103 1575 97.0 2.7fl 
TE·Z5k 2.714 2.474 0.803 8144 90.6 6.38 
tE·251 0320 2.200 0.0011 1.432 513.6 439 

~:= ~-= :::; ::~ ~-= ~:: ::~~ re.zso o.r• o.ooo o.ll33 1a12 IIJ7.5 ooo 
1'E·2Sp 2888 30511 0.77'11 I.Dfll 110.2 7Jl6 
TE·25q 0.400 2.5119 O.Mtl 1565 9'2.8 

OIIMI....,_,Iland!lllerTU!I',._,IeAoori.IIC.~·o.ooo5110,Un"'-nntyofHoun:ln 

mm~:;: 
10.418 .... ·-1731UH·Id ""' 1731VH·II .... 

1731UH-11 21.9&4 
l731UH-1g 15.280 
1731UH·11! '"" 1~1UH·II J:!: 1731UH·!I 

~~~~~:~ "" 17.728 
1731UH·Im i~~ 1731UI-J.In 
1731UM·IO 1,780 
173\UH·Ip "'' 
:m~~:1~ "'" "" "'" 1l31UH·11 '·""' 1131UH•Iy "" 1731UH·IV 1712 
1131UH·IW ~.138 
1731UH·I~ ~-:: 
:~m~::~ 

~·= 1731UH·!U 

:~:~~:: '·"" "" 1731UH·1114 0818 
173\UH·IM ~.~ 113\UH·lat 
173\UH·IIIO 0.128 

~malleranalyucaJ~llltheAuW"ali.lnNatiOnal 
Universlty(D::::8) Thesedifl'e.ences..ervetoil· 
lu~tr.llt the- potential for variability Jlltnoduccd 
bothbyllrsamplelUidbylhl:numbt.Tofanaly
o;c,o; inlhl:.analp.edcry~l.al pnpulaunn. 

Cerro TDiedo Rhyoli~ T~hrll 

The41CArf'Yltuagc.o;ohlainedmthi~sludya~e 
hrnodly con~i'ilem with pn:!lliou~lyll:'JUfted K-Ar 
andfis.<;.iOn·lrnddrn.a(Doelltlai .. I9AA·.II.ttiCI 
al.. l'll!I.Siliel ai.I91!R:Tatlle!i I and2).0mn 

':::: ·= ""' "' "" ·- ,_ m> '·"' '""' '"" 1~~ '" .... 
'·"' 5.07tl "'·' .... ..... :S.tiiO ,_ 

'" m 

""' , .... 18.298 ~· '" ..... .,, 1275<1 .... .... 
""' """ '""' .... .... 
22.173 1).\:J!) :·:: ,, 3,12 
14240 O.lo'l <tl .... 
11.17. '"" 1\,516 ~.· "" 7274 4.4!7 18412 M.o ·~ 4!1711 3.819 y ... "' 2.41 

"'' 2.911 '"' .... "' '"' 
.,., 

·~' m '" !..80? ·~ 6.470 "' '·"' 4.9Cil 3.076 "'" "' '·" 
·~ 2.507 5.2'13 .,, m ,.., ,.., 

~-:~ ... '·" ··- '"' ~, 

·~ 7872 4.673 "'' 
,, •m ·- """ 4.131 ''" '" .... "" IB""I a> , ... 

~ill '"' ·- ... ,~ 

4.3:>1 10010 "" ~:~ .... "" 
.,, 

~= 
1 . .&47 2,1381 ... '·"' .. ,. 

:~ ~· '* 
··~ 

un no '~ ··- 3.11!10 ·~ ... ·~ .... ::= ~~ ~: '·"' '~ ... ~ .... I .!Ill! , ... ... '·"' 

Tulcdo kbyolite leptl1! !WimJ!Ie Cl~9. drued ben: 

as 1.2!2-:t:<HXJI:IMa.mayt'(]ITC<ofiUIJd!Otreup
Jll.'fpumlccunitdlledbyhcnetal.(l981)as 
I.B., 0.02 Ma Ahhourh er.9 i~ ~1ratigraphi
cally hclow tht Tshirqt,t: Member Plirtian unil. 
ll'l:twuagc~arcindiWnguiUI:Ihlcwithin.analyl· 

icrdl''f!Of"i.Thi.lindicru~1h.alsignificanttruptive 

~t'!IYit)' Wll~ occurring witt! in the CCTI'O Tok'OO 
Rhyolilc prior lul"Nplion of the Tshirqe Mcm
l'lcrandcollapscofthcValk~caldera. Sampl~ 

Cl~llllas a~DAr/19Ar Dge of I 479 :t 0.020 Ma 

and(ompan:sfavoroblywithaK..AJageofl.52 

··~ 17057 
1.81.50 

"''' 1-6751 
15815 

""" '"" '""' 15783 

""' g.2714 
1.7217 

'""' 1.8116 .. ~ 
'"" ~~ 
'""" ""' :.iS 
1.5118 
1.8744 ..... 
'"" """ 1.5478 
171811 
111<119 

1.519:t~078 
>.$45o;0.056 

:::!;:~:~ 
I.MIIo;O.Oie 
!5.ll:tO.CM 
1.552o:O.Oo48 

::~:~= 
I.Mii.C,063 

,:::::::~~r 
::-.;::~:~ 
1731h0.085' 
!.548o;0102 
Ui37t0.\ll2 

1.6tl:t0028 
!641s0.Gal 
1.744s0051 
1tl51:tOD38 
182'3s0020 
!611s0.027 
l.$97:t0035 
l.ll!e:t0.022 
1,598o;0.014 
1.631 .. 0.032 
1614.,0022 
2813,.0.031' 

~.=:~.~· 
1619:t0.014 
1&&8*0,0215 

::~~g~~ 
~:!:!Zz~· 
\,638<:0.019 
1.5ino;~03fl 

::==~-~ 
IIMI7:tO.~· 
1,814:t0C19 
1.?12:r.OC42 
151Ms0.022 
le7!.:t0028 
1117o;0018 
l,$83:t0.030 
1.755 .. 0.031" 
!879,.0()W 

::t0.011Marctl011edbyS1illetalll911&)onao,am. 

pit from the wne ~tratisraphlc k."VCI. Altllough 

oor'Wnpla>CT-7gavenoreliabledate.i1oom:
lates <oU;t!igr.tphicDII~ with CT-4 (1.474 Ma) and 
thclowcrpumlceunitoflh.'l1ctal.ll981)dall'l.l 
a~ 147 :t0.04 Ma hy K·Ar(l'.llllc 1) 

'The- ¥JAri~Arageo.areshowninFigure4 
inrelationtothdrstr.tligr.•ptucpa.llion.llx!n;i~ 
agrecmcnlbetwtle'!llhcogl">.irn:ludlnglho\cof 
tht! bruckcting llandc1icr tufT~. and ~trutigraphic 
!CYL'Jinlh<•ICphrD!o«]UCIICC.0YI.'Illll.IIM.•\.:llll
ple~ fall imu b'TOIIP~ whh ages uf ca. 154. 1.4&. 
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Section 6 

t 
TMB'T 

= 
~ 

TMBT 
!.225±0.0011Ma 

r-
OMBT-2m 
1.608i0.010Ma 

Section 15 

CT-5 
1.376±0.0!8t.la 

C'f-3 
1.5421:0.008Ma 

Fi~rt 4, Cornposik stntiJ~:nphic" rolumn showlllfi•A.rP" A.r dale!. obu!ntd In thi•study rd· 
alh~ lothr stnliglllphk position C'lfCerro Toledo Rhy<~lik(l.TR) ttphrwmmples.I>Mhrd lint$ 
betwrm srdion~ indicate C"Om"laltd unit!. Arrows indk-.tr !!Oil hurl-. Unit numhr" 8!1 dt
fintd by Stili (1989).A.Hdata from~ 1\mtrallan N&tional Uni"fl"Sity. TI\-("8T bT$hi~ Mem
ber RutdttierlUfr: OMBT b Otowi Mflftbrr BanddltrlUfr. 

1.37 and 1.21 Ma (Fig. 5).1bere is a reglllar 
prngrts.Oliouofd«reaslngagewi1hhiJbcrsuati· 
gr.q~hiclevtlwiththeexceptlonof~apparent 

... 150 k..y. gapbctw«n samplesCf-6 and Cf-9 
which. •~ W~sW below, may be! maJtriallost 
UJ erusiu11. The 11ew dares indica~t lh:u lhe major 
C".cm1 Tnletlu Rllyolire eruplive activity ra~ 

rcl.1>r~dbythcliiJllllpyi'UCia~til'pumiCeunits 
~aTilf!lt'tl) occurred tllmughout the .,)80 k.y. in. 
ll..'fVIlii'CI'<!IC\."IIt~OtuwiMcntx:rW"IIITsltirege 
Mcmbi.'T. llmlllw: Cem1 "lhit'do Rhyolite tL'Phru 
crupuon~ t~umd in dhtinct pul'ie!o ca. 154, 
1.48.1J7.alll11.21 Ma(Fig ~). 

nr age of sample {."T-3 i~ somewhat proh
lemalk Thetsochron~eofl.451 :t-0.021 Ma 
suggest~ 1lr prescnct uf signirteant.:x.ces~ urgon 
(Fig.2).whlcl'lrsootCVlllclllforanyofthel~r 
tephras.amplcsanaly>l'd.Onthebali•ofgco· 
chl"mistry.('T-3 a~arsto group with ..:~mr~ 
CT-4.Cf.7.and{.I-81Spelletal .• l'Ml).wllich 
~dated~llli~'a.I.475Ma.suggestlngasim

i!ar aec for Cl~_\. However. lll:"i1her Cl"-4 nm 
(I-Sshowsignsofcxres.'ltgt)ll(l'ig.2J.lhu~ 

we sugest llwlhe WCightl!'d m.:an age of 1542 
±O.OOIIMaisprcfclliNcduetolheverylnw 
~pread in radiogeniC yield among the analy...._~ 
defininJtix'isocluon.buttht>IIII:Cis•;nnn.-what 
turl'llam. 

T·m samplest'T-4and L"T-7. feldsp~r; an.: 
dommamly plagioclase and the ~amplcs are 
ncarlyapbyl'lc.<oobolhpJ~ocla.'i('~nd,;anidinc 

crystal,wereanal~t.ed. EvenlllaugllradJogL'flic 
yield' a~ hirha~ -81% were obtained for the 
plag:i,Jdao;canalyo;c"l.tix'data~~'tlcrally:u-cdt~ 

rnriliuuwilhrue~is!J!Ig'klllldlne-andwith,trali

groijlhicrelatiou.'.ahhoughprecisinnisoften 
ptK!tcnou&h that age~ overlap a1 2a. Sample 
cr-4 is asoodeumpleofdus problem becooo;c 
tl-.anidioe3gel;formaoohercmgroup. whereas 
IOplagiudao;ranalysesare<oeaucrtdtobmh 
older .md. dnminamJ~. younger ag~ (Table 3). 
he(_...,; III"G"" cnuld he irMlkcd a.~ 110 e~planal.ion 
forthcollkrllgeshocau<.ethi\wouldafftctpla
gioclascmnrctlwlsanidmehecauSt:oflhelower 
K comcn1~ of plagiocla.o;c. However. th~ Cl~ 
..arudi~~ei'IOChmndoe~nolindntelheprco;cnce 

ofe~ce<;,aqton.AllmillCral<;~,_'Jllra!l!liarolylrd 

apreart"dpri'llineuru;l..rtllehinocularmicro

!li.."'pp!".allhoughlll1rerogrtt~mic~lfl'4:ale 

alteration cannot be ruled out. Kelley cl al. 
( 1994) nmed 1hl11 uliraviolet la.~er analy'i~ of 
fl'llcturedmldloralteredareasinothefwio;cprio;.. 
tineplagiocla..cyieltkdyoungera~and~s· 

gesJcdthatlhciiC!tJWeR!dagcswerrfmmaltcr
ation products (clays and K-feld~par). A 
~ignrlicantcorrel.mo:n bctwa.-n ratliugenic yie-ld 
and age lha1 m1ght bee1pec1ed from ~uch a 

meclwti~m ;, 001 <;a'll. However. this mighti!X
pected fnrla..cr fusion anal~o;es. bccau'IC! the in
ten~ity3l!ddur:uinnoffu~ionofindivtdualcf)',.. 
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Cerro Toledo Rhyolite Domes 

f 
1.00 

- ~ 
~ -

T~U.211 
1.&1 

1.80 

Cerro Toledo Rhyolhe Tephra 

li 

I 
&llllln" 

""' I.U 

Figuft S. Probability didribulion diap-a.m ilhm.n~tin~ eroplivt Jl'riodicity du~ the in~r· 
val betl'rftn the lhtndelitr tull"!l.. Sllmplt a~s~tnd Sltlndard !kviallollS us-rod •~ prfl"erred 
•A.r~A.r ap and ~Biriat.d tmll"!l from Tablet I and l. Modes and .511mples deflnlr!J!: mode 
welndkakd. Cerrn Toledo Rhyolitl! doml: !lllnlpia(uptll'rdi.-l analyad a1 tbe University 
of flowrton; tt'phn :wmple~ ~~nalyzed at lhr Amtrallan Naliotlal U.Uvenity (lower diap;r-un). 

tals v-.u-y resulting in varyin1 dqrecsofde
gas~og. llle varying amooniS o( degassi!tj may 
mast any possible conelntlun bt'!wecn radi· 
ogerueyie-ldand~gcthatmayuist.lngenend. 

ourupr:rience is !.hat total fu.sklo p!~gioctasc 
a11c~may not be n:liablcand should beinter
pma:!withcaution(cf.PringlcntLI9'J21. 

Thl'distiocdymo~hcterop:OCOusagepopu. 

lalion from 'ilmple {."T-1. immediately ahove the 

Otowi Member m.ake5 estitnlltion of i1s age 
somewhat problemalic. Theo;e nnaly~~ fail to 
delioeanisochron.however.JheRll.'tnlgeof 
lhc:;cdat~ofl.653:t:O.o32~isindistinpish

able from that of the Otowi Member. The 
young~'St¥JAif'"AragcobtainedfurCI~I.I.S9) 
:~:0.009MaiTablc3).TIIllyrtpresl-'OithisSllm· 

p~s eruptive ap:. altbooglllhi~cannot be! con
filttll.-dwi!hcertaintyfromthc:datao;ct.Anagcof 
ca 1.59 Ma i~ cond~tcn1 with the stmtiaraphy, 

which ~hows th~t CT-1 mu~l be older 1han 1he 
OtowiMembel"(l.((}8:t0.010Ma)andyounger 
thanCf-20.S36.:t0.0\8Ma)(Fig. 4.Tabk' 1). 

"lllc~rvationlhatCT-9yieldsanageiden· 

1icllto thu.l of the overlying Tsbirqe Member 
(rablei)Sll&gi:S1Sthatsi&niflcafltvult:anismwas 
ocruninlimmedialelypriortotbec;otaclymlic 
T~hire;e Member mlption and collapse of the 
Valle~ caldera. These precursor eruptions re
sultcdindeposirinnof .. lmoftephntinthcsce
tionswestudied(riS.4).andlhegeochemisuy 
of Cl~9. which is idemkalto that of the first 
cruptetirtllltcrillloflheTshiregeMcmber(Spell 

cto1 .. 19'J6).wggcstsUwttbcsceruptionswere 
tapping !he same magma chamber. "lllese ohser· 
wtiopsal<oallowthiU CT-9recordslltlellfly 
pulsc~lfihcT.\IIin.-ge!YiemberPiiniancruptilm 

The new 40Arf39Ar dates place significam 
~ltmnnlogical con~truint~ on a magma chamber 

tCCharge event !Stili and GunoD. l<JIJJ) reoorded 

Ill sample~ wa~.igraplticaUy equivalenl wilh unit~ 
between our sample~ 17-31 (Otowi Member) 
and CT-2. A'es uf 1.6011 :t. 0.010 Ma (Otowi 
Memtoer)and 1.536~; 0.018Ma(Ci~2Jsugge!4 
t.h:UihisevenJocrt~~Te"dwithin .. mk.y.Mcrup
tion of the Ol>Wi M~'fllhcr of the llanddicrTuff 
attdcollapo;cofthe.lhledocaldl.-ra. 

Cerro Tolnio Rhyolite Domf$ 

OJ" lhe nine doliX.'!. datL"'Ii in thiS Study, ili have 
he£npreviou~lydnll'l1hylheK-Arrnetbod(lrett 
ctai .. I981:Sti:<cta1..19K8:lbhle2). The new 
40A.r1)9A.r 3&C5 illl: icnerullyeon~i~tent witllthe 
previouslyn:poneda~withtb:exceptillllthat 

~arc ~tightly oldl..-r. Cerro "lb\cdo Rllyoli1c 
do~re ~mples WS-2. lli-1. "ffi-20. and TE-25 
yield -10Ar119Ar ages similar to previ011~ K-Ar 

age~ffihlesl and2)(11f:llctal .. I9KI:Sti~el 
al.. 198M). Sunplcn:.J5 from the Turkey Ridge 
dnmc •~ well .a' IT;.?.(Ifr<.Kn Ccrm Trasquilar 
however. h:lve ~ignincantly old&.'l"«tArf'9Ara~ 
than prcvioo~ K-Ar ~ ('fllblc 2). These older 
age~ prol"lahly n:nect incompletedeRa~~ing of 
radtogenicargooduringK-ArdadngiWt'Nland 
Mcllougall. 1%7; Mdli()Wdl. 1983) 

ne,plte being the mo~t con1aminated unit 
dated in tht~ ~tl.ldy. h:lvi11g lll'f!OCI)"Sl~a~old a5ca 
!OS Ma. Warm Spring~ dome gave a ¥JIIr/·1~11r 
~lilt indis1inl!ui~hahle from thcpo:vious K·Aragt: 
(1.265~0.011 Ma. ...... l.2!i:t0.04M~.I"I:spec· 
tivelyl (l"ahles 2 and'>· An \mcgratcd llgt! 
(weighted by amuunt (of -1~Ar pet an~ly•i•J of 
3.61 1: O.OU Ma can he cakulat~'tf from the 
401\r/1'11\ranalyscsinTnble~ hiscommonfor 
oiOArf"lArdatt"lohcupto.,JO'J.oldcr(asisthc 
Cll'leherercor·m.t5llh:mK-ArdatC!ion$allidine 
due to UlCOnJt!k'!e atracuon ofradiogcnk wgun 
dunng K-Ar an~lysi~ (Webb and McDoosall. 
I<J67.Mc~!!.l9113).1fthe2.~cry~talsdared 

from this wnple ~~~r n:pre!iCntalive of !he crystal 
population. the!! !he K·Ar age of 1.2!i Ma is 
--65% younger. which woold be unu~ual. llu.~ 
~t,th:uthc.ll11lOCf)':lliceo~tisover

R1pfl'!'ot!U~i!louranalytiL-aldata. 

The«~Ar/)91\r age of 1.343:0.015 Ma ob
t.aincd fOI'TIIftey Ridge dumc (l'ltble 21 is 8.3~ 
ol~r th::tn the previUils K-Ar age of 1.24 
:t0.03 Ma reponed by Stilid al. (19118). The 
Unllilm::ddomc give!- a -IOA.rf!'JAr age of 1.348 
:t-0.010 Ma. indbtinsuishable from tbc piC\'ious 
K-Ar age of I J3 :t O.o2 Ma (Table 2). Ccrm 
Ttll<.quilar.'iUitlpleTI:-26.gavc&Jit)Ar/l9Aragc 
of t.H9:t0012 Ma.whh::lli~7.0'J,oldcrth~n 
thcpre:viou~lyreponcdago.:ofi.27~;0.02Ma 

(Tilblc2). 

Samplc11'·20. frorn Lt"K !"mo.1~ Ea.q dome. is. 
with the utcpttun uf tcphr~ sample Cf-J dis
cuso;cdabove.lhconly'klmpledatcdinthi~\1Udy 
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that shows evidcn~'C for sipifu:ant exccM ~1\r 
with;n iodicaledinittallflArJy,Arof402 t)J 

ff'i~. 21. Bn:ausc moM or these analyo;cs arc 
hiJbly radiopenic. the mean and weight~'d n-an 
aJe~ lcalcu!atal a9;Umina an atmospheric in.tial 
llt£Onenmpn~itinnlllfeonly .. 1%nldcr{cnn
tra~ting with er-J analy~e~ that are lt!Ss radi
Dgenic. rc~ultmg m ~an nnd wet@.tltctl mnn 
age~~ uldt'T). Rcnu"C t.he TI'>20 L'lllCtwon i~ 

dclinedhyat.argenumhcrnfllllaly!;ei(0,.20) 
withurca.ui!LlWic~premltnmdit.gr.nicyi<'ld.we 

take the i<~oxhnlft age a~ liJc lle.~t c<,timate of the 
cl\lplivc age of till' ]All. I'OJS<)~ EJ~t dome "rllc 

tMJCiuun lf!C'S ofTb-20 t 1.446 t 0.00) Mal and 
L"T-J (1.451 ± 0.022 Ma~are indi~inguhhabk:, 

~uggesting Lh31 CI"-J tephra isllle PUaian pha-~e 
ofthccruptioolllalproducedlhel.o<il\lo;osEast 

dome.lluw~.thesc:twoWlit~ aredi~tioct geo
cbcmically.!ltlg{!e~tinglhatlbeyareunrelated 

tSpclletal..l996) 
The last ~rro Toledo Rllyolitc dome we 

dated that waspn:.,.iouslydatcd by tile K-Ar 
mo.,hod is l.os F't:lws Wcsr tsamplc'IF.·2~). AI· 
thou]!!hthc¥1A.rf'9Ari'lochron date or 1.540 
t 0.012 Ma is withinenurofthe previou.~ l..'iO 
tOO.'i Madate. it is~1.7'if.olderalldsil(nifi
canclymofPpteei..e(fahle1) 

Cen-o Toledo Rhyolite dome~ dated dunng 
thi~ <,tudy arc wllhin thcTolcdoemhaymtnf wuh 
the ex,eplwn of Warm Sprln!.!:• dome. Cerro 
rru"'urlar.andpt,.\tblytltcl.osPow~dnme• 

11-ig.l),"lltcn:i~noapparentn:I.!:Uiarprogi\~Mun 

ulagcswitbgl.'l.lJ(raphic;localitywlthinwltatn:· 
mains of the Tuledn caldL'fD. 1\vo qmple• of 
SiL'fradcToit'do.aprcviou•lyundatcddomc. 
yicltlagc-;ott.J:If:,tO.IlliiMa(J"E-'Jlandl.379 
:t:O.Oil Ma(ru-IJJ, wllichareJ.2%W!Ten:nt 
anddi~tinl.!:uiwtlleattheloooofidtnt:eh.•,el. 

TheSI1!1Tat.leTnle:1odomt:n1.1yheaoom~ite 

unitpmduL-edbynmllipleeruptit)OS.Notetha! 
rum., lltdge!!343 :tOJH:'i Ma)!llldlhl: SiL-ml 

de 'IUk-tJo do111c form~ urntiouuo~ T!M'phulugi
calfeatun:~~ndttm>mayreprcsemasinglcL'fUJI

b'll'e...cntbelween .. I.J4andl.JSMa. 
llle most oh11iou~ upect uf the •,tulwAr 

dilk-sonCerro"lilledttRhyolitedumeo;i•tht:faa 
thalfivcuflhcnint:..ar!l{l\e-;daledfallinanin
tcrval between 1he date\ on the two Sicm1 tie 
101o:do~mpte.11:-9arnl rE-13 Tbisisalsoan 
intervatuf time dul"lnJ wllich twu uflhe Cerro 
"IOietlo Rbyolitr tepllr"a •arnples (CI"-5. Cl'-6) 
were crupteG (l'rg. 2. "l'll.ble l).llle pn'11iOu~ly 
undated 11\dran l'lllnt dome ~a·-e a ""'NfYlN age 
uf 1.463 tO.OII Mil. AswithCermToledo Rhy

nltte u:pllra •ample.•. the domes dated were 
erupted during di'Crcte perioo:h separated hy 
loogerQ\I•C!«-'!Umtct'Val~.Erupuon•occurredat 

154. 1.4~ I.Jit-U4.Wld 1.21 Ma Qu!t:<;eetJt 

interval~of1tl-ROk.y.-cparatethc'll:vuk:anic 

period'>. 

C~l•lioiiS ~tWftll Ctrm Toltdo Rllyolitt 
Tephn~andDornes 

lmtialspct:ulatiun~rmmtTc!~titlll\betwft':n 
Cerro Tolalu Rhyo!iw tephra 811d dnme• were 
nradehyHcikenctul (I'JII6J.whusuggested 

th~tlhc Lo~ l'u'o' (l~ti.A.os l'tlw\ in paJtkularl 
dtJ!TIL'!. or the C~'TlU "IOk"'lo dumescurrespt>ndl.-d 
w tt•pht~ umt~ that include our s~nrple• Cl~l. 
ct:2.CI:).CI4.andL"f·7tn!olratigropl:liclev· 
cls5tlvuugh2JITablei).Hctktnetal.ll986) 
ulso Indicated that .~tratigraphic levels 26 
through 41 (l"able I)(CT-11. Cf-5. CT-6. and 
L"T-'1) COITt'late Wtth Pinnacle Ptak. wh1ch wa~ 

notdated•nthisstudy 
StiA ct al. ( J98K)discu>'>CdctJITelatit.lll~ be· 

tWL'CllCerro'JbledoRhyolitetcphraanddornes 

lla<.edollthemoredellilcdt:eochemisuyand 
gt.'OChronology a...ailable at thai time. They Wf· 
se~ted t!t:lt the Los Paso~ don.:~ (f-1a: I) with 
K·Aragesof 1.47~1.-"'Ma(Hcikcnct al..l91l6) 
rorrelalcwithtcphnunit5correspondingtoour 
!.IUllple~Cf-3. Cf-4. and <..T-7. whirh are dated 
here a• L471lll.54Ma(Tabtc !).Stratigraphic 
unrts.helowwhidlour:~.i~mplcCI:IIIreo;.were 

sune~ted to ~orrehue wilh the Tutkey Ri.!ge 
domcs(dated&\ 1.24%0.03 Mally Hcikrnetal .• 
1986). l'he Southt:a~t Rhyolite dmnc. Puinacle 
Peak. Wilml Spring~ dome, 110d Cerro TntsquiiW" 
were 'uggcsted tocorrel:uewithtephraunits 
currcspornling to oor samples CT-6 through 
Cl:'J(StUCt3I..I'ISS). 

[beoii!AriYJAragt."ii'I.'JIO"'-'dht...-e(l"ahlesland 
1) allow !hc:<;e cu~huiuns It) he tested. Bmll 

Ct.'!TO 'lbledo Rhyolite lt.-phra and dome wnp!t-1 
fi!!Curdperioclic\O(llcarriclll1ivityilndhavesunilar 

timing for tht.':<;CL-ruptiv~ pcnods.l::rupu...eao."tiv· 
ity is ru:ord:d m Ccm:> Toledo Rhyolite tephra at 
1.~.1.48.1.37.altdi.21Ma.f\sinuhutimingof 

crupttvc epiwdes is dcfiood by lhe Cerro Toledo 
Rhyohte dornt u.mples <1a1~'11 in lhi' <.tu<ly as 
1.54.1 4~. LJII-134.aod 1.27 Ma (l'ig . .'il 

Tephra sample~ cr.2 ltlld cr.J 11.536 
:1: 0.018 Qnd U42 .t 0.008 M•. n:spccti"cly) 
fromncarthcbaseo(thel!OCiiooyieldagaidim· 

ticaltothost'obtalnedonLosPososWest<lon.! 
sampleTI:-2~ (1.~40% 0.012 Mal. This result 
oonfinmthc su&geStion~ofHeikenel aL (19116) 
andSti•e~ai.{I91!1!JlllaiCT-2andCT-2wrn"

lare with the l.os Posos West dome. bur <00\11' 
th:ttiJ.l:I~Ea'll\<.ctllelowJdocsnolcorn:

late t<.Jthe1cstllllti~raphic IC'Il'lsinthetcphr.til!ld 
alsosi'KiwstharCI'-4andCI:7areltOioorrela
tivewuhLosllo>asWest{Fig.~) 

fanher u~cuon. tephra ~ample~ Cf-4 and 
CT-11(1474%0.02Jantll.479:t0.02{)Ma.re
~po.'>.-'liV\'Iy)ell!TCiatcwiththc!lndianPomtand 

I..<J'> Pu~m East dome~ ~ample~ TE-111 arrd 
m-20(1.463%00llandl446tO.OO'JMa.re
\poXtlvetyJ.ahhoughthcn:ilao;ugge•uonth:lt 

Losl'usosEILst maybl'!llightlyyuungerthan 

these Cerro Toledo Rhyoliu~ repbra Silmpk-s 

lleilo:.enetal.ll9!16)andSti•etal.ll'J!IB)sug· 
gestedlhccorrelalionhetwetn CT-4 and LtK 
Pm.o~ r!a't whrch our .Of\r/WAt d:ttcs l'ODfirm 
Sii.lttal (19!\ll)comlatetla:~eetionufCcm> 
TuleduRhyolitt"tephrawithihe'lwkcyRidge 
dome. Ovr Cf-~ :.anrple lie' be1uw tlli\. lbe 
1.479 Ma o~~~Arfl~i\r age for Cl·ll and th~ 
I.J4J Ma 1/#jf\rfWArd:ttc on n~-1 ~-from Turko..-y 
Ridge.donotsupportthiscorrelarion. 

Tephra wuple:;CT-~andCT-6(1J76:t:O.oJII 
andi.J62±0016.respeai...elylcotrelall.'ll.'mpo
rallywithal:lrp>~ofsampleslromSiL-rradt

Toledo. O:rm Trasquilar. Unnarntd dome:. on.! 
Turh-y Ridge, .arnplcsTF.-13 CIJ7'Jt0.012 Ma), 

"f"E-26 {1.3~1 ! 0.015 Mal. TF.-1 11.34!1 
t O.OIOMa). TI".-1~ I I.J43 %0.01~ Ma).and"n;..'l 

(1.336:0.01~ Mal. Sti~cl al (19811)f>llggt"lled 
!he oorn:!atron hd'''cen Cf-6 and the Warm 
Spring~andCeno"lra<;quilar~ which is wp
potedbyourdala. 

There is no Ctlrn:lative tepllra fot the Warm 
Spriogsdoroe(WS-2.1265:t:0.011Ma).Sti;o;et 

alll!ll!ll)indil:atedacorn:lalionbetlliCelltcplr.i. 
ct~nding toCT-6andCf-9withlhcWarm 
Springs dome. Our data r.how that CT-6 i~ si!.l· 
nilkantlyuldernndC1~9significiUitlyyuunscr 

ihilllthl.' Wilm\ Spnngs dome (Tables 1 and 2). 
lbere r~ nu Pliman pumice fall unit w!!hln lhc 
Cerru "IOialo RhYQiite k'phra o;ectlon~ we "101m· 
pled-~tratigrapl'llcally between CH1 and 
Cl"-l)......{halntightrepre.o;entlheinihalphascur 

lhe el\lption producing the Watm Springs dome: 
At the lllP of the Cerro Toledo Rhyolite strati· 

graphic section. tephr~ sample CT->J (1.212 
%0.009 Mal~ nm correlate with any dtM~ 
daa:din thi$Siudy. howl:"er. it hasanagcindi~· 
tmguishablr from tliat of the Tsbtrc'c Mnnhcr 
(l.22~%0.00l1Ma}. Thisisconsistn~twnhlhc 

geochei!Ustl)' of Cf.9. which is indi~tin~uish· 
ablefromtbroverlyingTshiregcMembcrPlin
ranpurnicetSpelletal..l9!16) 

SUJ\.IMAitY 

llle Cerro Toledo Rhyulit~ record volcanism 
diJriOS the oaJII() t.y. intetvlll between IWO 

caldera-formin!! eruplions: !he Tshirege aod 
OkJ.;.•rnembersofrheR:mdelierTuiTintheJe. 
me~\kllcanic Field. TheyconlainimporWUin

formation about tltc e1101ution of this large 
cru~tal silicic mattma system durlng the transi· 

tion from and to cald~r.:J 'ollapsc events: !ht~ 
~tudyprovidesthegoodchrooologicalcomrol 

wbiclli~es.<;entialfortnterpreungsochdata 

.,,ArlwArdating.ofnincmajorpunlice fnll 
unit~ within !he C~'TTO Toledo Rhyolite tephra. 
whkh rnay rl'Cl>rlilheinceptl()nof~ignificant 
clome e.J.tru~ion 1:\'~rns wiihln llle "Jbit.'do caldera. 

(ieologieal Society of Amencll Rulletin, Docemher 1'196 156~ 

yil:lo:l~ I detailed chronokrgy oferupti...e ~~eti11ity; 
'IC'Il'n of the'iC unit~ h<l...e reliable and strati

g!llrJ!icallyconst\tentages.Withafewucep
titJn\.teliablcwr.idinei'iOChron.~wettobtained 
fmmml!ltiplclll'll:rfu•iunlofindi'·idl!alphe· 
Rtll-ry~t-. For '«JI'Oe \J'>llf'ol"IY poJrphyriti~ ~ampl!!!. 
inwhJCbtbedonun;.mtfeldspotrisplagioclao;c. 
lhispba.'iCWa.\analy~.Plagiocla'iCdu.tcswere 

generaUyofpourpra·i\iun.discurdantwithco-
urstmg i!lmdine. and incon~i.'ient with strati, 
graphlcconsuaims llledateo;obtainOOsugges~ 
tbatCerroTo1e<loRhyohlePhnianpumicefal1 
cruptionsoceurredthroughouttheintervalbe

IWl'entbcUande1iertuffs(n.l.61-l.2'Mn). 
t>utth:otSftJLJI'na.-sofiiEseeruptiunsoccurrcdtD 
pulloeliatca.l.54.148.l.J7.and 1.22 Ma. 
.tDAr119Ardatesindlca!elhatCerrolblcdoRhy

o1itertryobledomtswcreproducedat 1.54. 1.4~. 
U8-U4.andi.21Ma.andstrowthar.rnanycan 

bc(."'()ffelatedchrono1oaicallywithlhetephr:tsc
q\l('nct>. The olde!ol and yoong~.r Cerro "fhledo 
Rhyolitelqlhnareindi~<.!Wlleinarefrom 

the Otowi Mem~ and Tshirege Member. re

specti...e1y.andthusllleirgeochemistrymay~ 

11ideinsightintothefinalproduct.•llfthi:Otuwi 
Member1111qlmadwnbt."Tand thce<Dllcstptw..-.c.<i 
of llJe Tsllin:ge Member magma chamber. 

lllecrup!i...echronologypmvidt:dhytbis 
study. when cnmhinctJ with geot.1tcmical :md 
i:r.otopicdata(StillandGonnn.I993:Spclle1tlL 
1996}sboulds1gn1fteantlyenhanccuuruntk.'T· 
standingoftheevo;llutiunofthcl\andclieJ~iltck 

masma system. l'ur C!lample, ~-vidence fur n 
magma chamber rechaJic e~ent n.ocortk'<l in 

Cerro Toledu Rhyolite tephm immediately 
abu11e the Otowi Mem~r (Sti:rr. and Gortun. 
(99)).cornbinedwith5tratigr.tphicandagccon
~t.raillb. indicate lhat llli~ Ot.1."urn'l1 within 

.. mk.y.ofcalderacollapse. 
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