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R yonngest volcanic eruptions within the Valles calderu, New Mexico—un age that is signif
. icantty:younger thun most previous uge determinations. Thermoluminescence age osti-

- track, *ArP®Ar, and K-Ar ages of 130 to >200 ku, but are supparted by recent analyses by -

- caldern-after an exceptionnlly long period of quiescence of ~460 ka. The new age con.
- straints also suggest a previously unrecopnized link between cycles of volcanism und pulses
.ol hydrothermal nctivity in the caldera, such that hydrotherma! outtlow appears to decrease

Lo T (4 D 57000 el e e
“New evidence for the age of the youngest eruptions m‘lthe S q
Valles caldera, New Mexico i

Steven L. Reneau 1 Earth and Environmental Sciences Division, MS D462, Los Alamos National Laboratory, Los Alamos,

New Mexico 87545

jete deposits in the Vulles catders was pre- o
sented by Bailey et al, (1969), providing a 4
minimum Jimiting age, and they also sug-
gested that the {resh morphology of the
Banco Bonito lava flow indicated a probable
age of 100 ka or less. A maximum limiting
age of ubout 520 ka is provided by *"Ar/*°Ar
analyses of the underlying South Mountain
Rhyolite (Spell and Harrison, 1993). Fis-
sion-track uges on zircor crystals from the
E! Cajetc pumice and the Battleship Rock
ignimbrite runge from 130 to 180 ka (Marvin
and Daobson, 1979; Miyachi et al,, 1985), A

.'New geochronologic data provide evidence for un agie of ubout 50 (o 60 ku for the

mates for buried soils beneath the El Cajete pumice, u key stratigruphic murker in the
region, range from 48 to 61 ka, ‘and '*C analyses of burnt logs within volcanic surpe beds
near.the £ Cajete vent yleld similar ages of S0 to >58 ka. These data conflict with Assion-

clectron spin resonance. The results of this study reinforce the need to apply a voriety of
dating methods when evaluating the age of young vofennic events and support the hypoth.
esis that the El Cujete eruptions were part of u new cycle of voleanic uctivity in the Volles

slgnlﬂcanlly following completion of eruptive cycles,

. INTRODUCTION

The'Jemez Mountains of New Mexico

“have been the site of the lurgest Quuternary
volcanic cruptions in the southwestern

United' Stutes, which produced- the early

. Pleistocenc Bundelier Tufl in two scparate

eruptive sequences, totaling about 600 km?,
and resulted in formation of the Toledo and

“Valles calderas (Smith and Balley, 1966),

Eruptions within the younger Valles caldern

" (Fig. 1) have continued episodically through
- the Quaternary, und the most recent volcan-
* ic cycle produced the tcmpomuy und spu-

tially related El Cajete: pumice, Buttleship
Rock ‘ignimbrite, Bunco Bonito favn, and
VC.J rhyolltc (Bailey et l.,.1969; Goff ¢t ul.,
1986; Self et ul., 1988, 1991), The El Chjete
pumice is a widespread stratigruphic murker

“In arcas cast, southeast, and south of the

caidern, und uccurnte knowledge of its uge is

. "critical for un evaluation of seismic hnzards
" and lagdscupe stability in u purt of the Rio

Grande rift that includes the Los Alamos

. Nutional. Laboratory snd nearby communi-

tles.’ In nddition, the sge of these eruptions
has important Implications for understang.
ing cycles of volcanism in the Valles caldern
(Spell and Harrison,” 1993), relations be.
tween volcanism and hydrothermanl activity
(Goff ‘and Shevenell, 1987), and voleanic

. hazards’ ln the region (Walll and Gardnier,

1995).-
In lh{x puper we prw:m new thermoly-

. minescence (TL) und radiocurbon uge con-
- stralnts. that, In combinution with recent
S unulyscs by clectron spin resonunce (ESR)
. -(Toyodu et al., 1995), indicute an uge for the
. 'El'Cajete eruptions of ‘ubout 50 to 60 ka.
" This age is significuntly younger thun previ-

ous fission-truck, *'Ar/"*Ar, und K-Ar dates
of 130 to >200 ka, and the disparity in age
estimutes reinforces the need to apply a va-
ricty of duting methods when evaluating the
age of young volcunic events. These results
suppert the hypothesis of Wollf und Gard-
aer (1995) that the cruptions were part of a
new cycle of volcanic activity ulter an excep-
tionully long period of quicscence; the re-
sults also suggest a close temporul corre-
spondence between cycles of voleunism und
pulses of hydrothermul sctivity in the
caldern.

PREVIOUS AGE CONSTRAINTS

Despite muny attempts to dute the El Cu-
jete pumice und associated units with a vae
riety of methods, no agreement on their age
hus been reached. An initial radiocurbon
dute of >42 ka from charcoul within El Ca-

similar age of about 151 kn obtained by urn.
nium-series discquilibrium was reported by
Scil ct al. (1988), although Self et al. (1991)
lnter retracted this dute, K-Ar and “’Ar/**Ar
analyses on biolite and plagioclase crystals
from the pumice and related units huve
yielded uges of 205 to 1300 kn (Goff et al,,
1986, 1989; Self et ul., 1991; Spell and Har-
rison, 1993), but these ut least in purt reflect
xenocrystic contamination, und al) of these
uges may be too old. Recent ESR unalyses
of quartz phenocryste from the El Cajete
pumice and the Battleship Rock ignimbrite
suggest o significantly younger age of 45 to
73 ku (Toyoda et al., 1995),

COPAR MINE STUDY SITE

Sumples for radiocarbon analysis were
collected in 1992 und 1993 from {resh expo-
sures of the El Cajete pumice at the Copar
pumice mine in the Valles calderys, ubout 1.5
km southeast of the vent (Fig. 1). At the
Copur mine, the lower 7 m of Plininn de-
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Flgure 1. Location map showing study sitas and El Cojote vent.
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Flcun 2. smtlornphlo uc!lon » coplr pum-

lce mine, showing location of charcoal (black

aircles) - within surge bads’ umplod for ‘c

'lwyolt (T.blo % R

"posits conmin common vcnlcal lrec casls,.
“upito! '40'cm in diameter," that ‘record the

‘burial'of ‘n¥montune. forest by the: pumice

S (Figh2)eA brcuk in the Plinian cruptions is
R rcprcscmed by a surge bed, 0.1-1.2 m thick,
©that-contalns abundant:subhorizontal casts
© with- burntitrees up to 30-cm in diameter,
_ n:cording the. shearing off of cxposcd tree .
: topsbyuvolcnnic blast. Because of the rupid

burial ofthese trees by at least 13 m of ud-
ditional / pumu:c. thelr recent exposurc by

' cnlargcmcm of the mine,-and the lack of

visible root: pcnctrauon 10-this dcpth they
constinite-ideal samples for constmmmg the

: 'agc of the cruptions. REATE

- Rudlocarbon Annlysés".'l-'-our large sam-

L plu of charcoal (65 10 270§ before pretrent.

ment)’were: submitted to- the, Quaternury
lsotope’ Laboratory, Unlvcnity of Washing-

= " toni for high-precision *C anulysls with cx-
. “tended count times. The samples.were pre-
. treated’with successive’ hot:alkali and hot -
- acid: soaks 10 removehumic acids and car~
o bonntc. and beta emissions were counted for -
" at least four days. The snmp)es yiclded ages

ranging from 50.1 =13 to >58ka (Table 1),
‘Because: thcsc ages are very close to the limit

/i".of conventional-'C dating and contaminu- =
-.tion with very small amounts of modern cur-

bon :would:yield " erroneous- “finite"’- nges,

o "thcse analyses suggcut an age of >58 “C ku

TADLE 1. RADIOCARBON DATES FOR
" CHARCOAL FROM EL CAJETE PUMICE -
W

Peld Lab, Rato &' Po

no. no.* cubon (%) trented

dae . mass

(yr BiP) ®

RP-1 QL1620  >88000 223 165

RP2S QL464S™ 50100 221 17.2
- % 1300

RP4T QLATZT 57200 217 192
: 44100 -
.= 2700

RP-S! QL4728 »54100- 221 " 198

- * QL Is Quaternary lsotope Laboratery, Scatile,
Washington,

for the El Cujete pumice, nithough the pos-
sibility of a finite age cannot be ruled out. In
addition, there Is the possibility that one or
more of the dated sumples were from trees
that had been dead for some time before the
cruptions, which could provide dates that
ure too old,

PAJARITO PLATEAU STUDY SITES
The. El Cojete pumice forms a discontin.
uous cover an the Pajarito Plutenu, 18 to 35
km east of the voleanic vent (Fig, 1), Sam.
ples of soils that were buried by the pumice
were collected for TL analyses from two
trenches excavated as part of paleoseismic

Investigations (Kolbe et al., 1994; Wong et
. al,, 1995), The TL signai for many terrestrial
- sediments is often sufficiently. reduced after

extended exposure to sunlight (>8 h) to uc.
curntely reflect the time since burinl, Nu-
merous studles have shown that the fine-

- gruined component (4-11 um) of buried A
“horlzons and distal colluvium Is amenable to
TL dating and yiclds uge estimates in agree-

ment with "*C control (Huntley et al,, 1983;
Farman ct-al,, 1989, 1991; Berger and Ma-

- haney, 1990; Forman and Mant, 1990),

At the Pajarito Mesa trench site, the sam.
pled soil is 1.35 m deep below u gently siop-
ing mesn top (1.2° slope), where up to 0.85
m of pumice lies beneath deposits dated at
0 to 30 '*C ka (Fig. 3A; Kolbe ct al,, 1994;
Reneau et ul,, 1995), The buried soil is a silt

loam that probnbly represents s mixture of

colian and sheetwash deposits, and an anal-
ogous modern surface soll was also sampled
1o test for resetting of the TL signal ln this
environment,

At the West Jemez Roud trench s(tc. thc

. sampled soil is 1.7 m deep below a distul

colluvial slope (12° slope) at the base of the

" Pajurito fuult scarp, und up to 1.2 mof pum.

ice occurs beneath colluvium datedut L 10 §
“C ka (Fig. 3B;.Wong_ct al, 1995). The
uppermost part of the buried soil is also a silt
loam that may represent a reworked eolinn
deposit, and it overlies o poorly sorted, grav-

. burial period was estimated by lmcgrntlng

" the dose rate Is the estimution of long-term .

.5 TL kn (Table 2), overlapping at the 2o

elly colluvial deposit with minimal:soil d
velopment. An additionul sample wus col-
lected from the lower purt of this colluvial.,
depasit us a-check on the reliability of thc"
unalyses,

Thermoluminescence Analyses. TL chro-
nometric methods employed in this study
are similar to those described In Forman et
al, (1993), in which the polyminern! fine-
grained fraction (411 um) is isolated for
anulysis by the total- and partial-blench .
methods (Table 2), In this study, all samples
were unalyzed by measuring blue TL emis.’.
sions, which previous studies have indicated: -
yicld finite age estimutes”(Balescu and:’
Lumothe, 1992), Prior to TL analysis, all. .
samples were preheated for48 hat 124°Clo. -
remove an-unstable TL component associ-
ated -with- anomalous fading. Additional."
storage of {rrudinted samples for ot least 30 _
duys and subsequent measurements showed - .
no measurable (>5%) diminution in TL."
emissions, - Indicating a tlmc-signlﬁcunr '
signal,

The environmental dose rate during the

the varying gamma and beta doses for the |
sampled solls and the overlying El Cajete
pumice (Table 2), The largest uncertainty in -

average moisture content in the sampled de-
posits, which is complicated ot our study.” .
sites hy. variations in deposit texture and"--
Quaternary climatic fluctuutions, On the ba- ¥ ;
sls of available data on molsture content und
soil density on the Pajurito.Plateau and the
probability-that late Pleistocene climates -
were wetter than today (Thompson et ul..
1993),.an estimate of 25 = 10 wi% water is .
used for.samples below the pumice bed to' .-
encompass. the possible ranges in avernge
moisture content. Because this estimate in~ -
corporates the high porosity of the pumice ™
and the possibility of water being perched -
above"the underlying burled soil, it most -
likely errs on the high side. and provides a
conservative overestimate of TL age. Dncr
conditions are inferred for the surface soilat -
Pajarito Mesa (10 % 3 wi%) because of pro- -
longed periods of surface desiceution undcr
the modern-semiarid climate,”.

Analyses of four sumples from the buricd
soils provide nge estimutes of 48 = 5to 61 = .

level at 51 to S8 ka, Several tests support the .
accuracy of these analyses..First, no anom-
alous fading of the TL signal was observed '
after 30 duys of stornge of the sumples, and
the natural and laborutory signals thus ap-
pear to be stable. Second, the modern soil at -
Pajarito Mesa yiclded o TL nge estimate: of ,
3.5 ka (Tuble 2), indicating only a small »
mnant TL signal in the surface soils‘or -
rhups rcccm erosion that exposed oldcr

’ osow_cv. Junuary 1996..* k



o3
hy
[]
. . B o
oy Moloceno
Wk i 7] tnd o Holocann ~
. L b i) Foiy islocane = col |
g-so qu -‘IT Ry ereen, o L | smors myﬁ'.:"" 5
0.6 “Cia b 7
Co L. ElCajote .
' pumu.!o 1.1 "Ckn R
; buned El Cajate |
52Tt ke suface  58'*Cka [ pumica %
: - Plaisiocane L
»45.4 1C . J22EOCAY ol o Duried »
surigce 13
fractured  £7.81 TL kn '
= Oandolier
Tult
(181 "C k) Pisintocana
r M= colluvial
6 m layars

56-63 TL kn

. 14,
Figure 3. Sketches aof tranch wails at Pajarito Plotosu sample sitos, »47.5 °C ka ~
showing TL sample locations and '*C ages for units. Age ranges,
without analytical uncertaintias, shown where multiple analyses T T
were obtainod from a unit. '*C nnalyses and original tranch logs pre- 1 12 13 14m

sented in Kolbe ot al, (1994) and Wong et al, {1905). A: Pajaritc Mesa,
trench EB, B: West Jamez Road, trench WTT1; K Indicates krotovina; anomalous 9.1 **C ka analysia from benasath E! Cajete pumice is protiably
" -due to'contamination of sample or daposit with young carban {a.g., bumnt root or transport down an anima! burrow), No vertical exaggaretion.

TABLE 2, TV ERMOLUMINESCENCE DATA AND AGH BSTIMATELS CONSTRAINING THE AGH OF THE BL CAJETE MUMICE

luborory  Scdinwent Exquivalent Light ‘Temperuture Yaguivalent Lstimated Done TLage

sanple type [ eapusure ] dose waler e estimate

number method® (hour)? ot (erayn) conient gnyna {ka)ee

(W)

West Jemer Roud, Water Tanks Trench 1

OTL-403 Distal Total fleach 16 sun 250-400 25330 £ 5.02 pL% 211 447t 0.4 578
Colluvium Partin} Deach ) win 280-400 272404 3.39 25210 447 £0.34 Al t$

(0§ PHTL] Distal Tutal Hleach 10 win 0400} J89.80 £ 1.0 WU 4.64 2 093 et
Colluvium Partial Hlewch 1 sun WOA00 29040 4. $1.92 3¢10 4.64 £0.33 6) 4 10

Pufarito Mess, Trench EX

mL.-7 Swiface Av Tot Meach 1 sun 0-41 1) 1259 2000 w1 4.5 000 mnzos

‘Fotal {tkencls Ky 16323000 il 4.3y 100 L5208

oL 528 Runad Av "Tosdd Wlench Wuy 2150360 197,24 £ A8 R ALY 4,10 0.3 anxs

oTL.516 Bured Av Towd Hileach L1\ 250-360 24290 £ 5.54 FLES0)] 476 £ 030 S5tts

arLsis Huried Av "Totad ileach Kuv 150-30) UISUL 4K pAEq 1] 4.08 £ 0,33 J1¢3

* Al 'TL measurements were made with a Corning 5/58 and HA.3 flltets in ftont of the phatomultiphier lube, Satnpies were preheated 10 124
*C fur 48 h priot to snalysis,

£ f1ours of light eaposure to define residual level. “Sun® Is natural suntight In Columbws, Ohia, UV is light exposure from 275 W General
Blectric uitraviofet “senlump.”
§ Temperatute range wied! to caleulate oquivalent dose,

¥ Dose rutes wero calculated using values of K, Th, and U analyzed s the Ofuo Staie University and the estimated waler cantent, For autples
from major strstigraphic contacts, the nadionuctide coments fruni the overlying pumice and underlying wil were wveruged.
*® All ertors are at (o and calculated by averaping the emrors acioss the lemperaiure range.

depasits, However, the potential inherited
age is well within Ler errars for the older
unutyses und thus would hive negligible ef-
fect on accurucy. Third, 10tadsbleach and
purtialblench analyses of the West Jemez
Road sumples ure stntisticnlly the sume ut e
(Tuble 2), und this concorduncy further -
tests 10 the completeness of solur resetting
of these sediments prior to burinl, Finally,
the sampled lower colluviul deposit w West
Jemez Roud yielded TL nges of 56 10 63 ku

OHOI:C'C\Y. Junuaney 1996

(‘Tuble 2, Fig. 313}, stendlar to the results for
the averlying sumples and supporting the in-
ternal consistency of these unnlyses,

DISCUSSION

The TL nge estinmtes af shout 48 1o 6] Kk
from solls buried by the Bl Cajete pumice
(uble 2) ugree well with recent ESR annle
yses Indicuting uges of 35 10 72 ka (Toyodn
et ul, 1995), The TL anulyses ure typleally
younger thin ™C unalyses of up to >58 ku,

although at the 2 level the TL analyses in-
dicate possible ages as high as 58 10 71 ka,
and any apparent ape differences may not be
signilicant, Nedably, potentind uncertainties
i the TL annbyses such o ineomplete ree
setting of the ‘Tl signal would tend (o pro.
vhle overestimates of sample age, und our
use of 1 broud range of water content pro-
vides n realistic age runge, The TL unulyses
thus indicate un age of ~St 1a 60 ku und
sugeest that the analyzed chureonl samples

9



» ‘ from El Cajete deposits ure neur the upper

.-~ nge limit of high-precision “C dating. Pos.

 sibleminor differences between the TL and
- C analyses muy be due in'part 1o uncer-
 tnintles’in the "C time scule, such as those
resuiting from utmospheric variations in “C
production rates over time (e.g., Muzaud et
al.'1991), or the pursial-duting of standing
snags:that hud died before the eruptions,
.. The combined TL, *C, und ESR analyses
. indicate an age for the E4 Cajete pumice and
i rclnicq—;uniw that - is-significuntly younger
. thun previous analyses (130 to >200 ka) by
 fission-track, ““Ar/Ar, und K-Ar. How.
ever, the young, uge s consistent with avail-
able:geomorphic evidence on-the Pujarito
- Plutenu. Strutigraphic relations and '*C dat.
- ing ar'Pajurito Mesa'(Fig. 3A; Kolbe et al.,
1994; Reneau et al, 1995), und elsewhere on
the Pajarito Plateau, huve not revealed sig-
. nificant .. “rudiocarbon-dead” depositional
- cvents after cruption of the El Cajete pum-
Jiceyssuggesting that, relatively little - time
clapsed before the period normally amena-
ble to “C dating (40~45 ka), The ““ArfAr
. and-K-Ar ages are probably too old becuuse
- of the-analysis of xenocrysts or because the

- presence of excess argon (Goff et al., 1989;

" Self'etal., 1991; Spell.and Harrison, 1993;
Wold and Gurdner, 1995) and the age dis-
parity also suggest that complete annealing

" of fission trucks did not occur, The results of

+ this-stindy thus reinforce the need for the

- ‘spplication of multiplc’ dating' methods 1o

“"substantiate the uges of young (<200 ka)
voleanicevents, -

- Theuge of ubout 50 to 60 ku for the El

. Cajetepumice supports o hypothesis that

- these eruptions were part of u new cycle of

+ . volcanism after an exceptionally long period

of quiescence of ~460 ka (Wolff and Gurd-
- ner;"1995). Furthermare, the revised uge
. - suggeasis a previously unrecognized link be-

tween. volcanic cycles and hydrotherma! ag-

tivity. In'the Valles calders, Uranium-series
- dating of travertine at Soda Dam, a site of
hydrothermal outflow from the calderu 19
“km'southwest of the 'El Cujete vent, indi-
cates-that deposition of truvertine hus been
episodic through the Quaternary (Goff und
Shevenell, 1987), There ls apparently u close
‘temporal correspondence berween the El
_ Cajete"eruptions und the termination of &
~ pulse .af travertine deposition . (uran{-
© umsseries age of ~58 =.3 ka), suggesting
‘reduced . hydrothermal  activity following
~ completion of the eruptive cycle. Notably,
" the: termination af the last prior pulse of

travertine deposition (~480 = 55 kn) is ulso
-+ similar to the uge of the lust prior cruptions
in_the'caldern (South Mountuin -Rhyolite,
“ArfAr age of 521 4 ka; Spell and Hus-
- rison,:1993), further supporting a temporal

- relation between volcanic-und hydrothermul

10, "

cycles, Finully, if such u link exists in the
Valles caldern, then the renewed travertine
deposition at Sodu Din a1 ~5 kn reported
by Goff und Shevenell (1987) could indicute
Holocene injection of mugmu benenth the
caldern as a prelude 10 a new volcanic cycle,
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