
II 

.... 

... ·. 

.. , 
·.·. 

.-·';, 

· ': ER 1.0.# 0057002 

·"'' 
'.:··,··. I"' • I·, 

.:I•ileFo/der:· .. ,NIA ·. 
' ' 

... ····.· .. ·· 
. ,,·· .• .... 

',··.···· 
.. ~. : ·,' I;·, • 

)A[in,inistrati•~/.Record.~ .·(YIN) · y 
. .. ~-: : .. ~ .. 

. ·•, 
·:. t ':: ~ ' ' • · ... : '. ··' -·· ... 

' . ,•: .... , ·.·. :·.····.· ... •' 
• •' !'~' ; • • ., 'I ' :. :·:·::t.z;:: /~f:.::_:~-:/:~~.--t~:;~.;~~~:· . 

.... ,' 
. '· 

1'," 

·.,::_··,• ., ', / 1 I 

LOS ALAMOS NATIONALLABORATORY . 
ENVIRONMENTAL RESTORATION::·: . . 
. : ... ·. Rec~rds~Processing:f~cilitY' 

ER·Records Jnda Form. 

Co;.,.ected By Number: 0 

· Refilmed: (YIN)'. N· :·. · OldER ID Number: 0 . 
.. f( ' :: ','; ~ • : :-' • '. ,•• e ·, ~ ~- .. ' 

NewER ID Nufnber:. 0 

... :.',;;' 
, ~ 1 l ', .' 1'!

1 
;, , . , 1 . , 1 • ', '. ; . , 

· .· Mi.~cellaneo.U ·Comments: 
REFERENcE 'CITED:· .. · 

, .. 
•'. 

\..·t 

•• '1, •• 

. . :. . ~ 

:·,, 

·,, 
. ·''. 

I' '.· 

'': ·. ~ . 
• .... .. .. , ... . 
. . : ~ . 

' : '. ' ..... ~ ·.· ....... 
' ~... . . 

.',1, 
. . ' '·~· ~-.:~. 

··< ' ... ·;' . 
. ,.,... . ,-., ....... '.· ·~ll•, ·~ •• 

J:~· :_·:· -~::r:.· ;.//~:.;:.-. 
:,;: ., .·: .. 
•'t, •• •• • ·;:·:.:.· • 

... .. 

... 

:• I. '• 

',_' 
'•. 

' •'. 
. ' 

. '.·.' 
·. ' ,. 

. · .. ··: . . · . 
. . .. )~.:~-~·.. . .. ' . . . 

:<· · i. :~;' ~:::;./IIllS'FORM.JS.SUBJECI' TO .CHANGE. 

~:+~i~i~t{~~{ . .'·.:!: ~);~~: •. :;::;,; .• · .... ' 

111111/lll/ll/ll/ IIIII/II/I 11111111 
14019 

... 

· .. 

., 



I: 

-- ··--·· 
:·· Ne·w evidence for the age of 

Valles caldera, New Mexico 

(J.f) . 
th#You ngest 

J"~-::~..k&M~'1 
57oD~, ~cf .;;(:: r ~ 1=J 

eruptions in the · q 

r !!) 
. Steven L Reneau } Earth and Enwonmen!al Sciences Division, MS 0462, Los Alamos National Laboratory, Los Alamos, 
Jamle'.N, Gardner New Mexico 87545 
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0 
IJ Stevery L. Forman Byrd Polar Research Center, Ohio State University, Columbus, Ohio 43210·1002 . .., 

.·. 
ABSTRACT 
. , . . ·New geochronologic duta p·mvlde evidence for un Ul!e or about SO to 60 lw for lhe 
yunnJ:Ht volcanic: eruptions within the Voiles culderu, New Mdlco-an aJie I hat is siJ:nlf· 
lc:antly yuungcr than tnDst prevlnu~ ugc dctennlnutlnn!j, Thennulumlne~~cence u~ote cstl· 
m1tes for buried liolls beneath the El CD,Jete pumice, u key ~trutigruphh: murker In the 

, reglon..runge frona 48 to 61 lw,"and •~c analyHcs or burnt logs within volcanh: 11u~e bedN 
near.tbe E1 Cajete nntyleld similar ages or SO co >58 ka. These dubl confllc:t with ftsslon· 

·track. ti0Art'9Ar;und K·Ar ages on~o to >ZOO lw, but are supported by recent onotysc11 by · 
electron· apln resonance. The results or this study reinforce the need to apply u variety or 
datJng methods when e\'llluatlng the age of young votcnnlc events nnd support the hypotb· 
nls tbat the El Cujrte eruptlo1111 were port or u new cycle or volcanic uc:tlwlty In the Voiles 
c:alden·aner an exceptionally long period or quiescence of -460 ka. The new uge con· 
strahit8 also suggest a previously unrecognized link between cycles or volcanism und pulses 

. ofhydrothennal nctlvlty In the caldera, such thut hydrothennal outflow appeurs co decrease 
slgnlftCBDtly following completion or enaptlve cycles. 

,._ ... 
.fNTRODUCI'JON 

The Jemez Mountulrn. of New Mexico 
have been the site of the largest Quaternary 
.volcanic eruptions in the southwestern 
United· State~. which produced the early 
Pleistocene Bandelier TufT In two scparutc 
eruptive !iequc::nccs, totaling obout600 km~. 
and resulted in formation of the Toledo und 
Valles calderas (Smith and Bailey, 1966). 
Eruptions within the younger Valles c:aldern 

· (Fig.l) have continued cpiliDdically through 
the Ounternury, und the most recent volcan· 

· ic cyc:lc produced the tcmporully und spa· 
tially · rc:l:atcd El C:1jc:te pumice, Buttleship 
Rocl(ignlmbritc, Banco Bonito lavu, nnd 
VC·l"rhyolltc (Bailey et ul.,l969; Goffctul .. 
1986; Self et al .. 1988, 1991). The El C:tjete 
pumice is a widespread st.rutigruphie marker 

· In nl'CU cost, liOuthea.~t, and south of the 
c:~ldcrn, and uccurute knowledge of Its age is 
·critical for un cvuluution of t~eismic: hnzunls 
undlaod'ICUpc stability in u purt of the Rio 
Grande .rift thut includes the l.m Alamos 
National Luborutory and nearby communi· 
tics.: In nddltion, the age of the~ eruptions 
hns important Implications for undersllmd· 
ing cycles of volc:unl:un in the Valles c:uldcra 
(Spell and Hni'TI!~Dn, 1993), rclation.o; be· 
tween volc:~nlsm unu hydrothem1ul uctivity 
(Golfand Shcveneil, 1987), and voic:mic 
haznrd, :Jn the region (Wollf and Ourdnc:r, 
199S). · 

[n :~his pupcr we present new thcmlOiu· 
. minescenc:e (TL) und rudiocnrbon age c:nn· 
. lltrolnts:thut, In combination with recent 
. analyseS by electron spin rcsonuncc (I!SR) 
(ToyOda el ul., 1995), !ndlcute un uge for the 
EI·CAjctc eruptions of"ubout 50 to 60 ku. 

ous fis.o;ion·truck, '"'Art111 Ar, und K·Ar dutcs 
of 130 to >200 kn, and the disparity in age 
estimates n:inforccs the need to apply u vu. 
ricty of duting methods when c:vuluutlng the 
ugc: of young volcunic: events, TheM: results 
support the hypothesis of Wollf and Gurd· 
ncr (1995) lhatlhe eruptions were purt of n 
nc:w cycle of volcanic: activity ufrer an cxccp· 
tionully long period or quiesc:enc:c:; the re· 
suits ulso suggest a close temporul corre· 
spondcnce between cycles or volcanism und 
pulsc:s or hydruthcrmul activity in the: 
culdcrn. 

PltEVIOUS AGE CONSTRAJNTS 
Despite: many uth.:mpts to dutc thc Ei Cu· 

jete pumice und nssoc:iated units with a VII• 
riety of methods, no agreement on their age 
hus been reached. An initinl radloc:urbon 
date of >42 ku from charcoal within El C:1· 

106-:IO'W 

,c.. 
jere deposits in the Valles c:llder.t wa.'i pre· • 
sented by Baih:y ct nl. {1969), providing u :1 
minimum limiting ugc, and they ulso sug· _ 
gested that the Crc:sh morphology of the 
Banco Bonito lava IJow indicated a probable 
up.e of tOO ku or less. A maximum limiting 
uge ofubout 520 kn is provided by""Ari~'~Ar 
analyses of the underlying South Mountain 
Rhyolite (Spell and Harrison, I 993). Fis· 
sion-trnck ages on zircor: ay.;tals from the 
El Cajcle pumice and the Buttlc:.~hip Roc:k 
ignimbrite runge from 130 to tHO ku (Marvin 
anu Dobson, 1979; Mlyachi et at., 1985). A 
similnrage of about lSI len obtained by unt· 
nium-scric,; disequilibrium was reported by 
Selfct al. (1988), although Sclfct al. (1991) 
lutcrretrnctc:d this date. K·Ar und 4/.'Arfl"Ar 
nn:llyses on blotire and plagioc:lme Cl}'5tnl~ 
from the pumice and related units huve 
yielded uses of :ws to l300 k11 (Golf et al., 
1986, 1'.189; Self 1:1 ul., 1991; Spcllnnd Har· 
rison, 1993 ), but the~ ut least in part reflect 
xcnocrystic: contuminution, und all of these 
uges muy be too old. Recent ESR unulyscs 
of quartz phenocryst!: from the El Cajctc 
pumice nnd the Battleship Roc:k ignimbrite 
suggclit n significantly younger age of 45 to 
i3 ku (Toyodn ctul •• 1995). 

CO PAR MINE STUDY SITE 
Sumples for mdiocurbon analysis were 

collcc:tc:d in 199~ nnd 1993 from fresh expo· 
surcs or the: El Cujc:tc pumice at the Copur 
pumice mine in the Vulleli culdcru, about 1.5 
km southcnst of the: vent (Fig. 1). At the 
Co11ur mine, th~: lower 7 m of Pllniun de· 

1011"15'W 

10 
I 

km 
LoaAiamaa 

36"00'N 

35"!iO'N 

· This age Is signinc:antly younger than previ· Flgure1. Location map 1howlng 1tudy 11teo and El CoJete vent. 

~·January 19116; 11. ':4: no, !: p. 7-lll: 3 ll11urea: ~ lllhlco. 7 
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TADLB 1. RADIOCARBON DATES POR· 
. CHARCOAL PROM EL CAJf!TB PUMICE 

Pldd Lab. Radio- a13c ~ 
no. no.• cartDI (~) lmiiCd - nws 

(yr B~P.) (i) 

RP·I QIA629 >58 000 ·22.3 16.5 
RP·lS QL-4645 so 100 .nt 17.2 

= 1300 
l• .. .. , ... :11 PINIII t.IIIIIPOIII , 

.... ·.' .. , 
RP-47 QL-4727 57200 ·21.7 . 19.2 

+4100 .,. ... ·.' -~ ; ' ' ·2700 
.'• ' 19.8 
'I•(· 

RP·SI QL-4'n8 >54100. ·22.1 

... 

.. , . 
:.; ·~ :\ '' . . . '. ~ ~~. ·.. . ' 

. :,;5_ ... ·_·_El~~~i'l'-ifol:~il!~~~'a:"'!"~ ==~· 
. -. .. a.~~Uill' ; '"*'~ ·. 

·· ... ··· ~~~ 
~ .. : . 

·, \ 

, ... ·. 

· • Ql.la Quatem&l)' Isotope l.abonatory, Sulll;. 
Washln&ton • 

for the El Cujete pumice, ulthough the poll• 
siblliry of u finite age cannot be ruled out. ln 
addition, there Is the possibility that one or 
more of the dated sumples were from trees 
that hud been dead for some time before the 
eruptions, which could provide dntes that 
ure too old. ~ 

'20:: ~ ~ 1~-~~~CUI ~~ '·. 

e.UnMa~.m~nR~~yat•• PAJARITO PLATF.AU STUDY SITES 
. ...:· .':-''•··· . (sm~<~~1 TheEl CDjcte pumice fonns_a dlscontln· 
· • .• ~,;,:> · • · ·. -•. · • • · .. · uous cover on lhe Pojarito Phstcou, 18 to 35 

. . Fl;unt 2; 3tratlorephlo Mellon •t Cop~r pum·· r h 1 1 Fi 
lo8 mine; ahowtng IOAtlon of ch•rcoal (black km en."it o t e vo con c vent ( • g. 1). Sam• 
clrcl .. )·.wiWn.aurge beda··umpled. for. t•c pies of soils that were burled by the pumice 

· -~a·(TIIbl81). · .. , . were collected for TL analyses from two ·.:.-; · ·-.. '~. '.~> trenches excavated as pan _or paleoscismlc .·: . , , .:: ·.- ~·:.>~~::~,· .. . lnvcstlgntlons (Kolbe et a1.,_1994; Wong ct 
·,~' · · poslts;contaln common venlcol tree wts, .. ul., 199S). TheTLsignotror many terrestrial 

up~ to :401i:m ":.fn diameter~: that: rec:circl' the 5edlmcncs Is often sufftclcnlly. reduced ·after 
· · burlll 1 o£;.rmontunc~ forest· by .thc:·pumicc extended exposure to sunltght (>8 h) to uc· 

;·'. · ·(F,tg;,2)>A~breuk.ln the Plinian eruptions Is curutely reflect lhe time 5l.nee burial. Nu· 
. rcprCsc:titC:d. by nsuige bcd."O.l-1•2 m chick, meraus studies hove shown that. the fine· 

· ·. thllt·c:OiiiUIJi,.nbundant:subboriZontal casts grained componer.t (4-11 f.l.m) or buried A 
. w._ith· bumt/trec:s up to _30·cm In :diameter, horlzonsand distal colluvium lsomennble to 

reccirdlng·llu: shcuring otf ·or cxposc:d· tree · TL dating and yields ugc estimates In agree· 
tops by a ~clinic bluL Bceause ofthe rupld mcnt with ,,.C control (Huntley ct nl., 1983; 
buriisl o(tbcSc: trees by nt leut 13m of ud· Formun et al., 19891 1991; Berger and MD· 

. . dttional :pumice, thclr ·reccint exposure by . haney, 1990: Forman and·Mant, 1990). 
c:iWirge~eiit,of the mine; ·and .the. ·lack of At the Pajarito Mesa trench she, the sam· 
viSible-root:pcnetrution- to:this depth, they pled mills 1.35 m deep below u gently Jdop
c:On5tlnitc·ldcal samples for:constrniniric the lng mcsu top (1.2' slope), where up to O.SS 
a~·or thc:cruptlons. '. :;:. < . : . m of pumice lies beneath dcposlcs dated at 
.. lbtdloCalbon ·Analyses:: Four 'large sam· 0 to 30 ••c kn (Fig. 3A; Kolbe ct at •• 1994; 
plci o(Chaitonl (65 to 270 g before pretreut· . Reneau et ul., 1995). The buried soil Is u silt 
mcnt)':WC,c: submitted to.,the· .. ountemury loam thut probably rcprcsc:ntt~ u mixture or 
lllotopctaboratol}o~.Unlvcmty or Wn.\hing· eolian and shcetw:lsh deposil5, and an anal· 

:·.· · · toili ror-lUJb.precWon ••c 'anulysls with ex· ogous modem surface soil wus also sampled 
· 'tended 'C:ount limes. The'samptcs.were pre·· to test for resetting of the TL !ilgnalln this 

treatedi,with suc:ccsslvc· hot: alkali and hot · environment. 
aelcl.sOab~to remove: humic acids ·and car~ At the West Jemez Roud trench site, the 
bonnte;anCfbctaemisslonswerecountedfor. sampled soil is 1.7 m deep below a dlsusl 

. at leDSt'rour'days. The saniplc.,.yieldcd uge!l · colluvlul slope (t2• Rlope) ut the base or the 
ranging'frOrriS0.1 = 1.3 to >SBim (Table 1). Pajarito fuull!iCarp, 11nd up to 1.2 m or pum· 

" . .Becnusithese ages are ve.Yclosc to the limit ice occurs beneath colluvium datcd ut 1 to s 
· ·: i .-.. o(~nvc:'ntklnal 1•c dadng·and eontamlnu· . · ••c lea (Fig. 3B;·. Wong. et at;. 1995); The 

· .·: tion wl_lh~VCiry smallamounts.ofmodem cur· uppennost pun of the burled soil is also a silt 
bOn :;wauld~yleld erroneous .'•finite'~ · agcs, loum that may represent a reworked colinn 

· . :thc5i: anatY5cs suggcnt an·agc of:>SS. 14C ku deposn, and it overlies a poorly50ncd, grav-
·:<::··:::·-:.~ . . 

• ' • • • .'':•:~.~ ' ', •I • ! • • 

,, '.· -~,'·:;::.}·::{.}:.· ... 

. . . ... . 

elly colluvlul.dcroslt with ~l_nimol; soli. de';_~~'.:.:; 
velopmcnt. An nddltlonul !'ample Will col~.{:·:' 
lccted from the lower purt'or thl5 colluvial : ~ ;· . 
deposit IL~ u cheek on the reliability or the·.:: . 
unulyses. · 

Thennolumlnucence Analyses. TL chro~}.:·-.: 
nometrlc methods employed In this study:.'/~' 
nrc similar to those d.:sc:rlbed In Farman et'-; .... 
ul. (1993), In which the polymlnernl fine<:·;,:: 
grained Cmctlon (4-11 IJ.nl) Is Isolated for.-:.s~·~; 
anulysiH by the total· nnd partlul·blcnch · ... 
methods (Table 2). In thla Jitudy, nlliUlmples r:- . 
were analyzed by measuring blue Tl. cmls·',:-. · 
slons, whlch_prcvlous studies have Indicated:; ... · 
yield finite oge c.\tlmuu:s··: (Balcscu and·.'·.·. 
Lumothe. 1992). Prior to TL analysis,· ull: : 
snmples were preheated fo~ 48 h ntl24 •c IO: . -: 
remove an unstable TL. component DSIIOCl·· ', .... 
uted ·with· anomalous flldlng. Addltlonnl.'. ' 
storage or lrrudlutcd samples for nt least 3o'·; · 
duys nnd subsequent measurements shoWed· . · 
no mcl15urnble (>5%) diminution In TL':·· 
emissions, · lndlcnting a · · tlme·signlficonr. · 
signal. .. 

The environmental do!IC rute during the 
. burial perio~ was estimated. by Integrating .. 
the varylng_gnmma and betn doses for the. · .. 
sampled soiL'I and the overlying El Caj.:tc 
pumice (Table 2). The largest unccnnlnty In 

. thc dose rate Is the estlmntlon or long-term:' 
avernge moisture content In the sampled de·· . · 
posits, wblc:h Is complicated at our study.'·
sllc:s h)>. Vllfiations In dcpcislt texture and'·>· 
Quaternary climatic fluctuations. On the bo:. ··
sls or available doiJl on moisture con lent and,', .. 
soli density on the Pajurito· Plateau and the :. : 
probability lhnt .late Pleistocene climates : :: : 
were wetter than today (Thompson et· nl;;·-
1993), an c:Stlmatc' or '25 ::.10 wt% water is .: 
used for~samplcs below the pumice bed to:.· 
cncompw.lhe possible rongcs In average': : · 
moisture contenL Because this estimate ·In··: .. · · 
corporatcs the high poroalty or the pumice·'· . 
and the possibility or water being perched· · 
above ·lhe underlying· buried mil, It most·· 
likely errs on the hlch side nnd provides: a ; 
conservative overestimate of TL age. Drier 
conditlo1111 arc Inferred for the surface soll·at· · ., . 
Pojarlto Mesa {10 ::!: 3 wt%) because of pro--: 
longed periods of surface desiccation under. ·: 
the modem·scminrld climate; . · · · 

Analyses of four samples from the buried ... ~' 
soils provide ngc c.'ltlmuleil _or 48 = S to 61 = ·· . 

. S TL kn (Table 2), ovcrlllpping at the 2a . .' 
level at 51 to 58 lea. Severnltcsts support the . 
accuracy or these analyscs;.Flrst, no llllOm~ • · 
ulous fading of the TL signal wru1 observed 
after 30 duys of storage or the sumplcs, and . 
the natural und laborutory signals thus liP. 
pear to be stable. Second, the modem r.ciil at·:· 
Pajarito Mesa yielded u T1.. age estimate of · · 
,-3.5 Jca (Tuble 2), indicntlng only n small :~ · 

mant TL signal in the surface soils :or· .. 
-rhups recent eroaion that exposed older.': 

OEOLOOY, JunUlliy 1996 • ·: 
• • , ~I •, 4 •• 
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Flgu,. 3, Sketc11n at trench walls at Palarlto Plateau sample altos, 
showing TL sample locations and ••c aon for unlt11. Aoe rangea, 
without Dnalytlcat uncercalnttea, ahown where multiple unatyaea j j 
were obtained I rom a unit. ••c anatyaoa and orlgtnol trench looa pre· 11 12 13 t 4 m 
sented In Kolbo ot al. (11HM)afld Wong ot at, {1995). A: Pajarlto Moaa, 

Holoce1111 .
1
:. 

colluvial .!:) 
lllyn111 '"). 

E1ca~t11 
pumlco 

0 
D ..., 
..... 

Pletatoceno 
COIIUYIQI 
lA VIllS 

ttench Ea. B: Welt Jemez Road, trench WTT1: K Indicate a krotovlna: anomalous 111.1 ••c kaanalyalatrom beneath El Cajete pumice Ia prot11sbly 
·due to ·contamination ot a ample or deposit wllh yo&~ng carbon (e.g., bumt root or tranapor1 dawn an animal burrow). No vertlcal eugg.•rr.tlon. 

TAiliJ! 2. 11 IWWOLUMINI!SCI!NCI! DA'rA AND ACll! llSTIMA 11!S CONS'TKAININO nlll AOI! OF 11 II! m. CAJI!ru I'UMJCll 

l.labonuOI)' S..'dlnlelll IJquiYIIItnl u•h• 'Tnnpmrun: l!qulwlcnl l!lllmalfll 0.. 'll.IIC 
~o~mplc I)' ('I: d.JtC UI\JSIIR: r.ru: d.JIC w.ur 1'1111! C)IJ!II<IIe 
number ntrt~W• (huun)f ("C)t Q:nsyt) conlrnl (Jlrl )'1/Ul' (lull". 

(w.~) 

Wtal J•mu ltuwd, Walrr ·rank• T"nch 1 

~ DI•W Totllllle:lch 161WI ~'() 15J.30 :t 5.01 1Hill ol,47 :tU .. W ":1:5 
Colluvium Pa/IIMI Dlt~h lwn :oo.400 l?l.4() :t 3.3!1 lH:IO 4.47 :t0.)4 Iii :tS 

an .... u,, I> laP! Tllllllllle:lch Ill "Ill 2JIO.II.O :!S\I,MU .t I J,K'J lHIO 4.641 OJl !II :til 
Culluvlum l'alll~lllle..:h I sun ~Xl l'J0,4U t ~ t.~l lH.IO 4.1>4 :t0.33 b) :t 10 

l'ljarlfn M~u, Trtneh VI 

n'll,m SurfKIIAv Tlllld lllr111'11 llllUR ~tD-Utl 13.,~ .t IJ.IIo 10 t. J .a.ntoJo J.O±IM 
Tt~llllllcw.:h K\JV lb.)'! .I. u '" Ill j ] ol.5)·.t.fUO ·'·' .t 0.5 

O'll,!lll JlunaJ 1\Y TUUilllle~~~:h KUV lj().J!i) I '17 .24 t l.M11 lHIU o~.lo:to.:n 411 :1:.~ 

O'J1..SI6 UutiodAv Tu4allll~h IIUV :S0-360 242.90 t ,,SH 23 t IO 4,711 t O.Jb 51 t! 

an..m lluMIAv Tuflll llltach HU\1 :OO.JW 217.,0-HIK 231111 4.IH.tO.Jl ~a~ 
• All'll. meawrmtrniJ ~~>ere m1~ wllh al:omtna 515ti and IIA•l fiilcn In Uunlnllha ~hulomulllpllrr luhe, Sllnltln wtte prehellled Ia 1::!4 •c rur 48 h pour tuaru.tyah. 
1ttu.n of ll¥hl eapaaure lu llcnnc rcahluMllevcl. ·sun" I• Nllllllaunll¥hlln Colum11U1, Ohln. UV It 111111 lllpii\UIC lmm 275 W Clmml 

l!ltetric 111111vloltt -,t:nlillllp.H 
I Tmt\ICfiiiiiC ranp luetlia =lcullllc Cljlllvalentllote. 
II Doll' 111111 wmt Clllculllfll ulin11 valuet o( 1(. Th, and U analyud lithe Otlla 51* UaiWRIIr and file flllm•tfd Wiler eonlcnl, l'ur Wlopltl 

ltutn n~~!llrtlrlliaTII!llic tuniKit, lhc llllllunutlhlc: conlenh f1um lhc 11vellylna puml''l: and underlrlna wil wrrc 1¥ert1ged. 
•• All enon ue 11 lo and cah:ulalell by aver.r:lnalhe lllnln ~'"" lhe lcmpe!llu~ 111nae. 

dt:poslts. Huw.:v.:r, the potcntlul Inherited 
ugc 1!1 well wlthln lcr errors funhe older 
unul~s unt.lthus would hnvc nc:gll~tlblc l!f. 
feet on ucc:urucy. Thlrtl, tollll·hhmch 1111!1 
pnrtlnl·blcnch lllllll)'l!Cll or 1111: WcNI JCIIICl 
Roud sumrfcs nrt: slntl~licnlly I he surne 111 ItT 
('T'nble 2), 11111.! this cuncurdnnL)' further nt· 
tc:lltll to the completeness of sulur rc!lcllln~ 
of these ~cdlmcnts prior Ill buriul. l~lnull}'• 
the sampled lower colluvlul deposit 111 Wc~t 
Jemez l~ond yielded TL uges of 56 lo tt3 ku 

OUOLl'OY, Junu11ry IW!o 

('l'uhlc 2, r:lg. 3U), !~lmllnr Ill tht.: result~ fur 
the ovcrlyln~ snmplcs uml supporting the in· 
tcrnul cunsislciU.)' of thusc lll111lyscs. 

IJISCUSSION 
The 'l'L lljlC c:sl!111111es uf uh11ul 4H In hI ku 

fmm !ollilli hurlc~l hy the 1!1 C1tjc1c pumlc.: 
('i'ublc :!) ll):rt.:c well with rcccnt ESI~ unnl· 
yscll lnt.llcullng ugcs nf 45 to?:! ku (Tuyotlu 
ct nl., I'JIJ!i). The TL unul)'lit.:s ure typicnll)' 
Yllllll!lcr 1111111 1 ~C nnulyscs or up IO >51! ku, 

ahhuugh 111 the 21r lcwlthc 'I"L nnulyscs In· 
diC<JIC f!OS!~lhlt: ugcs us high liS 5M IO 71 ku, 
und uny uppurc:nlnge dill'crcncc:s m11y not be 
si~nlllcunl. Nntuhly, potc:ntlnl unc&:rUJinth:s 
In the '1'1. llllllly~cs !luch liS illt:l\llll,lch: rc· 
seuin~t of the 'l'l. signul woullltcnd to pru• 
vide nvc:rcMlnunc~ ut' s:unplc Ujll!, und nur 
usc uf 11 bruud ru111:11: of wnlcr cnntent pro· 
\•ld&:.~ 11 rc:ullstlc u~:c runge, 111c TL unulyscs 
thus indlculc Ull ugc or -su lo 6() ku nnu 
SUMcst th111 the unulyzcu churcunlsamplcs 

tJ 
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-::: r~o~~El Cujc:tc: dc:pOsit.~:urc nc:ur the upper 
. .''. aigt=.Jiinlt of hlgh~precislon '~C dntlng. Pos· 
· · · aiblc.:mlnor dilt'crcnccs between the TL nnd . ••c·wJysc5 muy be. due In· pun to uncc:r· 

···' · taintic$·in the ••c time scule, such us those 
r~ultln'g from utmosphcric vuriutionsln 1"C 
pnlduaionrutes ovc_r time (e.g., MuZDud ct 
at:.·t991), or thc purdul dutlng of stunding 
snngs:ihat hud died before the eruptions. 

The 'combined TL, '"C. und ESR unulyses indicnic un uge for the El Cnjete pumice nnd 
rclnied- uniL'I that ·is -·significuntly younger 

· thun previous unulyses (130to >200 kn) by 
· ft.ulon·truck. ~Ar/'0Ar, und K•Ar. How· 

ever,: the young age is oonsistcnf with avail· 
ablc-~morphlc eVidence on -the Pujnrlto 
Pluteu~ Strutigrophlc relations and ••c dnt· 
lng.at'Pajurito Mesa'(Fig. 3A; Kolbe et al., 
1994: Reneau et al.,l995), und elsewhere on the Pajiarlto Plutenu, huve not reveuled slg· 
nifieant . "rudiocarbon~cud" dcposltlonul 

. cveins after eruption of the El Oljete pum· 
. icc.\ suggesting thut, relatively little· time 
clapscd·before the period normally umenu· 
blc: to 14C dating (40.:.;45 lut). The "0Art111Ar 
nnd K·Ar ages ure probably too. old becuusc 
of tlK-nnnlysis of'xenoc:ryst.'l or becnusc the 
prc:sCrici: of excess argon (Gall' et al., 1989; 

· Sclret:ul,.l991~ Spcll.nnd Harrison, 1993: 
Wo~ and Gurdncr, 1995} nnd -the age dis~ 
parity. Also suggest thtncomplete annealing 

· of fission trucks did nor ocaJr. The results of 
. this:stUdy thu.r, reinforce the need for the 
.. applicadon or multiple. dating. methods to 
· substuitlate the ug~ of young (<:!00 ku) 
volcanic event.~. . 
. The ·ugc of ubout 50 to· 60 lai for the El 
Oljccc7pumlc:e suppon.-. o hypothcsL'I that 
these eruptions were part of u new cycle of 
volcanism ofter an exceptionally long period 
of quicscc:nce or -460 kn (WoUf' and Ourd· 

. ner(l99S). Furthermore,· the revised uge 
: . suggcsli' n previously unrecognized link be· 

· tween.\iotcanlc cycles and hydrothermulllC· 
tlvify. In': tile Valles aldern. Urnnium·scrles 
dating of travertine at Soda Dnm, n site: of 
hydrothermal outflow· from the.culdcru 19 

. km'sciuthwcst of thc:.-EI Cujc:rc·vc:nt, lndi· 
ca1cs:thlt deposition of.truvertine has been 
eplsodlc through the Quutc:mury (Oofl' und 
Shevenell, 1987). nacre: is 11ppurently u close 

· temP.oral correspondence berwcen the El 
Oljete··.:ruption.'i und the tcrminutlon of u 
pulsC· ·.at travertine deposition : (urunl· 
um~Sc:rics age of -58 :. 3 ku), 5ugp,esting 
·reduced·. hydrothennul activity following 
completion of the eruptive c:yclc. Notably, 

· the· temilnutlon of the la'lt prior pulse of 
travertine dcpo!litlon (.;.480 : SS ku) is ul!iO 
similar tO the ugc: of the ll.a!U prior eruptions 
in~thc~ealderu (South _Mountain ·Rhyolite, 
40Ai~Ar age of 521·:::. 4 ka; Spell und Hur· 

· · .· .· ris0n;:t993), funhc:r supporting a temporal 
.·relation between volcanlc:und hydrothc:rmul 

cycles, Finully, if such 11 link c:xl5tli in thr: 
Vulles culdc:nr, then thc renc:wed travertine 
dr:positlon at Sodu Dum at -s ku rc:portr:d 
by Goff und Shcvencll (1987) could indlcutr: 
Holocene injection of mugmu beneath chc 
culdcmtus 11 prelude 10 It new volanlc cycle. 
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