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ABSTRACT obtained indicate that eruptive activity oc-  ogy of the Cerro Toledo Rhyolite, a sequence of T il
curred throughout the 380 k.y. interval be-  small-volume pyroctastic rocks and domes » 17:31 Otows Mhamber
The Cerro Toledo Rhyolite comprises 9 tween the two members of the Bandelier Tudf,  which were erupted during a 380 k.y. interval be-

group of domes and tephra which were but suggm that tmpﬁnns prodmn; both tween iwo caldera-forming ignimbrites, the JER
erupted during the interval between two  tephra ing discretein-  Otowi Member Bandelier Tuff (lower strati- New Mexico
mﬁﬁo"w&mz prorege L 1.3 Ma. The B ) I e Toireee Figure 1. Geologic map of Jemez Volcanic Field showing location of Cerro Toledo rhyolite (CTR) domes
T, i the Jenes Vokennic Field, New Mexico,  aetive: 7 of 18 units dated are thest 123 Ma) These m‘;‘m‘ pA - and tephra (partly after Smith et al., 1970; Heiken et al., 1986; Stix and Gorton, 1993). Ring fracture
T e chronoturie £ ':::_ ; are these apes. b e msga sysem from .mf;‘}o‘_ past-Valles Caldera domes are shown as unpatierned. Cerro Toledo Rhyalite domes shown by speckded
chemical and isotopic studics on these rhyo-  INTRODUCTION owing one caldera collzpse event until immedi- Pattern. ":'“in"' c":z‘:'::" - “z"::md ot l"’ cross "’“"r'::.:;";":n m";ﬁ‘h“
lites, which record the evolution of the Bande- ately prior to the aext caldera collapse event. south, and within the Valles Caldera and Toledo emb t (ot sh;)wn for clarity). Location ofCem;
lier magma system during this interval, The mechanisms by which silicic magma  Nine pumice fall units within the Cerro Toledo R0 Orande R Y -

*ArAr geochronology study was under-
taken. Pumice from major pyvociastic fall de-
posits within the rhyolite tephra and samples
from the rhyolite domes were dated as well as
Tuff, Analyzed crystal popalations range from
being fairly homogeneous juvenile material to
very bheterogeneous mixed juvenile and
xenocrystic assemblages. In most cases domi-
nant groups of juvenile sanidine crystals define
®Ar/PAr ages which agree with stratigraphic
construints. Plagiociase analyses are distinctly
more scattered and do not fypically define res-
sonable ages. The “®Ac/Ar ages for the two
members of the Bandelier Tuff yield an inter-
val of 380 £ 20 k.y. between these caldera-
forming eruptions. During this interval nine
major pyrociastic pumice units were deposited
in the sections studied, for which six yield
isochron ages, one a weighted mean sge, one
maximum age, and one no reliable ape due to
tack of sanidine. “Ar/®Ar dates on pumice falt
units within the Cerro Toledo Rhyolite tephen
indicate that eruptive activity occurred at
>1.59, 1.54, 1.48, 137 and 1.22 Ma. ®ArAr
dating of Cerro Toledo Rbyolite domes indi-
cates these were erupted within the calders at
154, 1.45, 1.38-1.34, and 1.27 Ma. The dates

*Present address: Spell: of Geosci-
ences, University of Nevada, 4505 Maryland Park-
way. Las Vegas, Nevada 89154,

are ge and evolve ]
be debated (c 2. Smith, 1979; Hiidreth, 1981:
Lipmar, 1984: Huppent and Sparks, 1988: Hall-
iday e al.. 1989: Christensen and DePzolo.
1993; Davies et al.. 1994: Bogaard. 1995). Erup-
tion riggering events. processes of crystalliza-
tion within the magma chamber. and the
longevity of large upper crustal magma cham-
bers have been intensely studied. but are but not
well understood. Muhicyclic caldera systems in
which the products of postcollapse volcanism
are preserved provide the potential for studying
these processes in detail. Voluminous ign-
imbrites record the characteristics of the magma
chamber ar an instant in time, wtc-taspos(col-
lapse ism records of

Rhyolite tephra, nine Cerro Toledo Rhyolite
domes. and the bracketing Bandelier tuffs were
dated by the single crystal laser fusion ©ArAr
technique. These data form an integrat part of a
preliminary geochemical study (Spell et al..
1996) and will be critical to more detailed future
work on the Bandelier silicic magma system.

GEOLOGIC OVERVIEW

The Jemez Volcanic Field is located in north-
central New Mexico on the western margin of
the Rio Grande rifi (Fig. 1). The overall structure
of the preseni-day volcanic field is dominaled by
basaltic to rhyolitic volcanic rocks of the

the magma system and may y:cld insights into
the transitions (0 and from these large eruptions
and caldera collapse events. Good chronological
constraints on. for example, rates of differentia-
tion and timing of recharge events, are essential
10 the imerpretation of geochemical and isolopic
data from such systems.

The Valles-Toledo caldera complex. located
near the center of the Jemez Volcanic Field
(Fig. 1), provides an ideal opportunity for study-
ing the evolution of silicic magrma systems asso-
ciated with mubicyclic caldera complexes. This
lS heaus: the producvs of two caldera-forming

aswellasp Llapse chy-
ohudurrumdleplmmweu prsetwdandu—
posed. In this study we examine the geochronol-
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and Keres groups, which form the
bmad shield upon which younger silicic vol-
canic rocks of the Tewa Group were erupted
{Bailey et al.. 1969; Gardner and GofT, 1984:
Gardner et al.. 1986). Beginning at ca. 1.85 Maa
series of explosive rhyolitic eruptions occurred.
The first of these produced the San Diego
Canyon ignimbrites, which consist of two smafl
(<10 k) units (a stratigraphicaly lower mit A.
and 2n upper unit B) that were vented from 2
source area beneath the Valles caldera (Self et
al., 1986: Turbeville and Self, 1988: Spell et al..
1990). These were followed by the Bandelier
wifs. which represent =650 km? of rhyolitic
magma (Kuentz. 1986: Baisley. 1988). The
Otowi Member was crupted 1.608 = 0.010 Ma
and resulted in collapse of the Toledo caldera.

samples (Kuentz, 1986; Balsley, 1988) are indicated.

whercas the Tshirege Member. or upper Bande-
lier Tuff (Tshirege Member Bandelier Tulf). was
erupted 1.225 = 0.008 Ma and resulted in forma-
tion of the Valles caldera at a nearly i

Otowi Member (all efrors are quoted at the 10
level: ages are adjusted. where necessary. 1o con-
form with the decay consiants and isotopic abun-
dances d by Steiger and Jager,

location (Smith and Bailey. 1968: Bailcy et al..
1969: Heiken et al.. 1986: Self ¢t al.. 1986).
Rhyolite domes and associated tephra. the Cerro
“Toledo Rhyolite were erupted during the interval
between the Otowi Member and the Tshirege
Member (Griggs. 1964: Bailey e1 al.. 1969). Pre-
scrved Cerro Toledo Rhyolite domes (some
were likely destroyed during the collapse of the
Valles caldera) are situated in the northeastern
half of the Valles caldera and within the Toledo
embayment. whereas the tephras are exposed in
canyons to the east of the caldera (Fig. 1). Post-
collapse rhyolites of the Valles caldera are in-
cluded in the Valles Rhyolite Formation and
consist dominantly of high-silica rhyolite

and lavas (Griggs. 1964: Bailey et al.. 1969:
Spell and Kyle. 1989: Spell t al.. 1993) which
range in age from ca. 1.13 Ma 10 ca, 50-60 ka
{Spell and Harrison. {993: Revean et al.. 1996).

Previous Geochronology

The first K-Ar geochsonology on rhyolites of
the Valles caldera complex was reported by
Doell and Dalrymple (1966) and the complete
dataset was reported by Docll ot al. (1968). Their
work yielded ages of 1.12 £ 0.03 Ma for the
Tshirege Member and 1.45 + 0,06 Ma for the

1977) (Table 1).

“SAr/®Ar dating of the Bandelier Tuff and San
Diego Canyon ignimbrites was reported by Spell
et al. (1990). who obtained ages of 1.14
2 0.02 Ma (Tshirege Member), 1.51 +0.03 Ma
(Otowi Member), and 1.78 + 0.07 and 1.78
+0.04 Ma for San Diego Canyon ignimbrites A
and B (lower and upper i iC units). re-

Toledo Rhyolite tephra sections 6 and 15 in Pueblo canyon and sample localities for the Bandelier Tuff

A summary of published chronological data
on the Cefmo Toledo Rhyolite was given by Stix
et al. (1988). Izett et al. (1981) reponted K-Ar
ages on a unit of the Cerro Toledo Rhyolite to-
ward the middle of the section and on a unit near
the top of the section of 1. 47 £0.04 Maand 1,23
+0.02 Ma. respectively (Table 1). [ze et al. also
reported zircon fission track ages of 1.39 £ 0.06
and 1.46 £ 0.06 Ma for this sample. Stix et al.
{1988) reported a K-Ar age of 1.52 x0.04 Maon
a samplc fmm stratigraphic Jevel 27 (Table 1).

spectively. These ages were based on an age of
17.9 Ma for the Bern 4M muscovite siandard
from the imerlaboratory calibration of Dalrymple
and Lanpherce (1971). In order to directly com-
pare the “ArPAr ages of Spellet al. (1990) with
those reported in this study they must be in-
creased by 3.9% because Bern 4M has an age of
18.6 Ma relative to 27.9 Ma for the Fish Canyon
Teuff sanidine standard used here (Hurford and
Hammerschmidt. 1985). This yields agesof 1.19
+0.02 Ma, 1.57 £ 0.03 Ma. and 1.85 + 0.07 Ma
for the Tshirege Member. Otowi Member and
San Diego Canyon ignimbrites. respectively.
Izett and Obradovich (1994) reported ©Ar/PAr
ages on several Jemez rhyolites including the
Tehirege Member and Otowi Member. They ob-~
tained weighted mean ages of 1.24 +0.02 Ma for
the Tshirege Member and 1.63 + 0.01 Ma for the
Otowi Member (adjusted to an age of 27.9 Ma
for the Fish Canyon 'Toff sanidine standard).

A ] age data, d by Stix ct al.
{1988). from rhyolitc domes of the Cerro Toledo
Rhyolite that may provide chronological ties
with the tephras are discussed below.

A stratigraphic chronology based oo the K-Ar
age data from Cerro Tolede Rhyolite tephra is in
‘Table 1. The daa suggest that more than half of
the Cerro Toledo Rhyolite tephra stratigraphic
sequence in the sections studied was erupted ca.
1.5 Ma: the K-Ar age for the Otowi Member and
stratigraphic levels 22 and 27 (near the middle of
the sequence) are indistinguishable at the 20
level. An apparent histus of ca. 290 k.y. appears
between level 22 and the next dated horizon,
level 41, which has an age indistinguishable
from the K-Ar age of the Tshirege Member,

METHODS AND DATA TREATMENT

Nine Plinian pumice fall units within the
Cerro Toledo Rhyolite tephra and nine Cerro
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TABLE 1 FELATIONS
OF CERRO FOLEDO RHYOLITE TEPHRA AND ASSOCUATED LINITS
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Toledo Rhyolite domes within the Valtes-Toledo
caldera complex were sampled (Fig. 1. Tables 1
and 2). The pumnice-fall samples were collected
from two sections (6 and 13, Jocated 1.2 km
apart in Pueblo Cauyon) in erder t sample the
complete Cetra Toledo Rhyolite stratigraphy be-
ween the 1wo members of the Bandelier Tuft
and are considered 10 represent the most sigifi-
cant eruptive events preserved wirhin this se-
quence (i... the onset of 20 eruptioa within the
calder). The Cerro Toledo Rhyolite tephra coa-
sists of Plinian pumice fall units, phreatomag-
matic fafl and surge ash beds. and epiclastic sed-
imemary rocks (Stix ey al, 1988). The tephraare
domingnily phenocryst poor. containing <5
crystals: the major phases are quanz and sani-
dine. and plagioclase is usually constituting a
minor phase (Stix et al.. 198%). Most uniss con-
tain separable amounts of sanidine, and this was
the primary phase anulyzzd. For units where
sanidine wes sparse. both sanidine and plagio-
clase were snalyzed, Dome samples range from
neurly aphyric (0 phenocryst fich (~25%): mast
‘have ~5%--10% phenocrysts, Cerro Toledo Rhy-
olite lephea samples were dated at the Australian
National Uiniversity; and dome samples were

dated t the University of Houston, Analytical
procedures ar: discussed separutely below.
Minera) separates were prepared at the Aus-
tralian Nationat Usiversity. Unaltered pumice
clasis (=] 10 =5 cm) were wire brushed o re-
move surface material and then crashed. Ap-
proximately 10-30 clasts were used for each
<eparate. Whole-rock samples were crushed and
sieved. Sanidine and plagiociase were obiained
By standant heavy fiquid technigues fullowed by
hand picking. and were lirasonically treated in
dilwte HF (7%) for 10 min 10 remove adhering
ghass. Sepasated crysials ranged in size from
0.5 %0 2 mm 2 weightd from =0.5 10 5 mg.

Australian National University Laboratory
Methods
Sampies analyzed a1 the Ausiratian Natiemal

University were weapped in S foil and stacked
in a siica tube for irradiation, Samples were

0.2-me-thick Cd for shielding against ibermat
neutrons, Synthetic K-bearing gloss (obtuincd
from B Turrin, U S. Geolugical Survey) and op-
tical grade CaF’, were included in the irmadiation
packages (0 munilos netron induced argon in-
tecferences from K and Ca. Ivadiations (20 h)
donie in the X33 o7 X34 positions ajacent 10 the
core of the HIFAR nuclear reactor a1 Lacas
Heights, New South Wales, Sample containers
were inverted three times during Lhe inradiations
in under to reduce neutron (luence gradiems in
bath ihe horizomal and venical dimensions, Cor-
rection factors determined hy repesied isatopic
amalysis of imadiated K glass and Ca¥, frag-
ments were: (OAT P Ay = 257 (£0.19) x 10°2
tircadiation can K798/181) snd 184 (= 0,26)
x 102 irradiation can K746/1R2), (*ArTAr)e,
50(£ 0.14) x 10+ and (PA#7An), .86
(2 0.01) X 10, 1 factors weredetermined by
lascr fusions of 4-S single crysials (=0.2 mg) of
the Fish Canyon Tufl sanidine staadard. which

ternated with fluence ivors (sandary miney-
als), $2-176 sanidine (separated from the Fish
Canyon Tult). such that =5 mem scparatcd flu-
ence menitor positions. |.caded sifica tubes were
packed in an Al irradiation comainer lined with

.41% 10 0:45% (stan-
dard deviation of population) at each level,
within ihe range of mass spectometcr analyticat
ervors for individual snatyses, An error in J of
0.59% was used in age calculations. Variation in
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TABLE, OGY OF CERRO DOMES
mn ASSOCIATED UNTTS
Sampte Dome FATA (Ma ¢ 5)
[ (Mnu) sactyon Mean_ Weightsd mean
WarmSoings 12870047 1285100y 126720025 126320001
TES  Sem e Toedo - 120820018 12620027 133620012
TE5 1245003 (34320015 1.35120028 134840021

TE26  CemoTasquini  3.272002°
TE20  iosPossaEest 1472008

TE2S  LosPoseWest 1,505 0.05°
ATATET OtowbMacies 1454 008%

1348200100 13620013 1357 0011
135050047 136940048 138020011

15402 0.012°
161850011 164450053 16255000

80 mm length of the Si irradiation tubes was
<T%. An enror in J of 0.5% was used in age cal-
culations, No significant neutron flun gradients
were presen within individual packets of crys-
tafs. aS indicated by the cxeellem reproducibilily
af the singhe crysa! fluence sonior fusions.
{readisted crystais (ogetbrr with Calfy and K
glass (ragments were placed in a Cu sample tray
in 4n ultrahigh vacuum extraction fine and were
fused using a 10 W €O, Taser. Samples were
viewed during fusion b vide camera sysieds.

ty of Houston dats. 1940) and

12 1outing andt omitting outliers unth MSWD « 2.5, emmora include J and MSWD. hya 501 s SAKS
o S e, getier prior to heing admitted mn MAP 215-50
m BT, Bandeber Tt by expan -
-sn:'::m 4 on saridine. umes of the extraetion line and mass specirometor
Jrsoiiloribony alicw =8 of th gas ko be admsiiod 1 the mass
100wl ot & (1968). v Peak intensilies wers measured us-

T2t o1 ol {1981). i

‘scutron fluence along the 31 mm fength of the St
ieradiation tubes was <3%. The excellent repro-
ducabiity of the single crysia) fluemce monior
fusions indicates that 0o sigailicant neutron Mk
radienis were present within individual packets
of crystals

e crysas togther wih c;r, and K

1ralian Navional University. Aa age of 27.9 Ma
(Steven et al, 1967: Cebula et al.. 1986) was usent
for 1he Fish Canyon Tull sanidine fhoence moni-
of in calculating ages for samples.

University of Houston | aboratory Methods

Samples analyzed at the University of Hous-
ton wese wrappd in A1 Foil and stacked in 1 6-

within an uleahigh jon line and
fused using & (O'W Ar ion laser. A binocalar mi-
was uscd 10

Pyrex tube. Individual
packets averaged 3 mam thick and fluence moni-

view sampies during fusion, Resctive gases were
removed by a 101,57 SAES geder prior to being
admitted 10 2 VGIO00 mass by ex-

tors (A tian National University 92-176.
Fish Canyon Tulf sanidine) were placed approx-
imately cecy 6 mun along the tube. Loaded -

pansion, The relative volimes of the exiraction
line and mass spectrommeter aliowed =82 of the
2350 be admitted to the mass spectrometer, Peak
intensities were measured wsing a Daly photo-
by peak hopping

peak heights were

ica tobes w dncr for ira-
diation. Symhtm: K-bearing glass (obiained
3. Geological Survey) and op-
tcal grade Caf’, were included in the irradiation
packages 10 monitor acwtron induced argon in-
erferences from K and Ca. Sampies were irradi-
ated for $ in the D3 poridan 00 the core edge
(fued on the fourth

ges

air argos pipette sysiem. Measured ®As¥Ar o
tios were 289.9 = 0.6 (1), and the appropriaie
discrimination corections of 10045810 1 00507
(1 AMU) were apgtied 10 isotope ratios. The

side) of the IMW TRIGA type reactor at the Nu-
elear Scicoce Cemer of Texas A&M University.
feradiations are pesformed in 4 dry tuhe device.
shiclded against thermal neutrons by 2 § mm
Uick jacket of B,C parwder, which rotaies about
its axis ot a rate af 0.7 rpm to mitigate hovizontal
fux gradients. Correction facters for nmcxfcnng

ing a Jahnston eleciron multiplier by peak bop-
ping through seven cycles: initial peak heights
were determined by fioear wgression (o the time
of gas admission. Mass spoctrometer discrimina-
tian and sensitivity were monitored by repeated
analysis of amospheric argon aliquos from an
on-line pipette sysient, Mecasured ©ArPéAr ratios
were 2929 2 1,7 (165 thus discrimination cor-
rections of 1,00085 0 1. 00769 (1 AMU) were ap-

the mass spectrometee was =1,6 X 10717 mo)
mV-L Line blanks were checked after cach
3 unalyses and averaged 1,2 10716 mol for mass
40and 2.4 x 1018 mol for mass 36, Discrimina.
ton, sensitivity, and blanks wene relatively con-
stant uver the: period of data collection. Computer-
automaicd operarion of the sampte stage. laser.
exwraction lin, and mass specirometcr as wel) as
{inal data roduction and age calculations were
done using Macintosh-hased sofiware written by
A.xino {Univessity of Califoria. Berkeley). An
ageof 27.9 Ma (Steven €1 at.. 1967: Cebula et al..
1986) was used foe the Fish Canyon TulF sanidine
flyence monitor in calculating ages for sumples.

Intercalibration of the *Ar/"Ar dating
Lahoratories

Intercalibeation of the Ausiralian National
University OAr®Ar dala wilh those from the
University of Houston was accomplished by an-
alyzing sample 17-31 (Orowi Member. Bande-
ier Tuff) at bath “The Mluence mon-

tmeasured sensitivity of the mass
was =1.25 x 10717 mol mV-". Line hlanks were
checked afler each 3-3 analyses: they averaged
2.5 % 107 mo) for mass 40 and were unde-
tectable at mass 36. Mass spectrometer back-
Brounds were measurcd before cach analysis and
the appropriate corrections made (o subsequent
dara. Discrimination. sensitivity, hlanks, and
‘hackgrmunds were relatively consiant over the pe-
fiod of data collection. Fina) data reduction and
age calculations were done using Macintosh-
based software (KArDate) writien a1 the Aus-

neutron reacti Kand Ca

by repeated analysis of K glass and CaF, (rag-
ments. Measured (RAPAD, values were
<0.00012, always wishin 16 0f 0. 1hus 1o correc-
tion for the *K¢n,py*°As reaction was made. Ca
correction €actors were (SAVAN, = 275
(£0.06)x 107 and (VAP Ar),, = 6.82 (2 0.34)
% 104, 1 factors were determined by fusion of
-5 individual crystals of 92-176 sanidine (Fish
Canyon Tuff sanidine), which gave reprxducibil-
ities of 0.15% 1 0.20% {1 5.4.) nt each standard
position. Variation in nemron flux along the

itor for samples run in both fabs was ¥2-176.
which is 27.9 Ma sanidine from the Fish Canyon
Tuff (Steven et al.. 1967: Cobula ct al... 1986).
“That identical results were obiained for the age
of sample 17-31 {scu below) indicatcs that the
two datasets are directly comparable.

Data Treatment

A major advantage of dating individual crys-
als fram cxplosively crepted volcanic rocks is
that mixed erysta! popolations consisting of ju-
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Figure 3 (Abore and on fllowing peges.Lsochron plois for single crystal “Ar™Ar analyacs ofthe Otowi Member, Tairege Monber, and

Cermm Toledo Rhyoite

are shown by

Error ellipses are shown at 1. Arrows on *Ar/®Ar uxds indi
was analyzed at both the Australian National University (ANU) and the Umvenlly of Houstan (UafH).

venile phenoceysis. aliered crysials. and xeno-
crysts can be identified. Ideafly this will stlow an
aceurate eruptive age 10 be calculated based on

cal crrers only and a 0.5%  facto errut is then
incumutatess hy quadratically combining it with
the weighted standard error. Second. isochron

the ages of juvenile alone, provided
hal they ean he unzmbiguoutly identified. Two
methods ane used here 10 assess the homogene.
ity of anatyzed crystat poputarions and o ider-
tify juvenile phenocrysts. Firs, sample means
and popelation standard deviations sfe calcu-
lated, Any samples greater than 20 from the
fican are excluded and a new mean cateulaied.
Weighted meuns of ihese refined datasels ane
also cateulated using the inverse of the variance
5 the welghving facor { Young. 1962). Weighied
mean ages are initially culcutatod using snalyti-

ages usinga pre-
viously (Dein and Pogs. 1990: Spell and Harri-
son. 19931, All analyscs are regressed on an
isochron using the York (1969) routine. If mean
square of weighted deviates (MSWD) is great
ihan «2.5 (indicating gealogic scatier in the data
25 might be caused by the presence of xeno-
erysts) the analysis conributing the most to the
MSWI> is amitied and the remaining data rc-
gressed again. This proces is repested if neoes-
sary. ant e resulh 15 roonitored visually by use
of 2 frequency diswribation diagrart. watil a ho-

Note that saraple 17-31 (Otawi Merber}

mogencous ceystal population is defined. In
SO CASLS. M\Wl) falls from showe 2.5 to be.
low t upon omission of the last outlier. For
MSWI kess than [, the standard interprelation
that the analytical errors bave been overesti-
mated. in the cases we fin here it is most ikely
the resuli of having a very homogeneous popula-
tiom of aralyse (rom smll crystals. cesuhing in
retarivety barge ermors om cach analysis. For sam-
Ples that define aecepiable isochrons. the age
and enror quoted includes the 0.5% error in § as
wetl as an additional square root of MSWD ervor
10 account for scaiter in the daraset.

Analyze crynal poputaiions typically consis
of a dominant group of juvenile phenncrysts.
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Figure 2 (Continued)

that define the eruptive age. mised with a lesser
fumber of older (renoerystic) and younger (al-
tered?) crysals, and these outliers an: idenitied
and remaved from the age calcalatinn by these
methods. n a few cascs crystal populations are
0 heterogencous that age canstraints emain
ambiguous: this is discussed further.

For mast saropics a sufficient spread in cadi-
ogenic yield amang analyses allows reliahle
isochrons to be definted. and thesc are taken 86
giving the preferrod age of the unit (see Table 1).
For a few saraples the weighted mean age is pre-
ferred: these are pointed oul in the nex) soctian.
‘We emphasize that in some cases these methods
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the reliability of the cesutis. Thus. the substitu-
tion of ages calctlated by the altemate methods
for our preferred results does non significantly al-
et ihe conclusions of Lhis study.

RESULTS

Cervo Toledo Rhyolite Tephra and
Bandelier Tulf-~Austratian Nationa}
University Data

Eight fysions of saniding crystals from the
Tshinege Member of the Bandelier Tuff gave a

f calculating an age fesult in ejoction of differ-
o1 analyses: however. the overall agreement i
ges by i hods B

very ‘population of six crystals at
€a.1.22 Ma. and a tota) range in ages from § 206
10 1.247 Ma (Table 3), The isochron anatysis ce-

17-31 Ctow] Member Bandalier Tutt
UotH

-
Age w1810 001 M

- Fearan a3 13
[ w07

X

L

) >
- .

B

sults in exclusion of (w0 outtiers {samples
827-6a and &/27-72) and yields an age of 1.225
£0.008 Ma, an initial ®ArPSAr of 2883 2 139,
and a mean square of weighicd deviates
(MSWD) of 0.2 (Figs. 2 and 3. Table 1). The

mean and weighted mean analysis results in cx-
clusion of 8/27-7a and gives similar results of
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1.220 = 0.007 Ma ar 1.212 ¢ 0.006 Ma, re-
spectively (Table 1).

Light fusions of sanidine crystals from the
middle Now unit of the Otowi Member of the
Bandelier Tuff (sample 17-31) yield apparent
nges from 1.580 to 1,623 Ma (Table 3). The
isochron approach yields an age of 1.608
20,010 Ma, initial “Ar/*Ar of 2966 = 2.2, and.
A MSWI of L6 (Figs. 1 and 2) after omitting
1731-5a (Fable 1). The mean omits the same
analysis and gives a1 age of 1,611 2 .08 Ma
and the comespanding weighted meaa is 1.609
£ 0.008 Ma (Table 1). These three ages are in-

ingus hasizing 1he

ages of the anatyzed crystal poputation,
Sample 92.0C-01 i8 from the Otows Mevnber

crup in Cochiti Canyon (1. A. Wolff, 1994, per-
sonal comrmun.). A population of cight analyred
<anigine erysials is heterogencous. having appar-
o s of 1566 to 1.690 M3 (Table 3). An

s, OAB®AC) is 1.7, The mean age indicates ex-
clusion of sampte CTS-5a and gives an age of
1387 £ 0012 Ma, The weighted mean of these
data is 3.384 = D008 Ms (Table 1). These three:
estimases of the age are virwally identical and
emphasize the age cohcrence of the analyses,
“Ten fusions of sanidine crystals from C1-8
yiehled a population at «1.46 Ma (Fble 3). The
isochron analysis 7esuhs in omission of one
older (CT8-12) and one younger outlier
(CT8-92): the remaining B analyses define an
isnchron age of 1479 + 0,020 Ma. an initial
SOASAT of 2509+ 42.5. and a MSWD of 1.6
(Figs. 2 and 3). The mean indicates that only
CT8-13 be omiticd and gives 2o age of 1.457
2 0.016 Ma. The weighted mean equivaleot is
1.459 = 0.008 Ma (Table 1). Once again, these
age estimates al overlap at the f0 level.
Sample CT-7 is nearly aphyric and contains
dominantly plagioclase feldspar. and thus both

ot «Nxﬂ(MQlexmaM\M)nf“h Ex-
clusion of three cutliers (Fig. 3) results in an
isochean age of 1601 & 0.014 Ma. initial
Op %A of 7967 2 1.2, and an accepiable
MSWD of 2.6 (not shown). The mean age ic
162602 0,042 Ma with 0 excliudod dats and the
weighted mean is 1.601 + 0014 Ma These ages
ane indistinguishable from that of the Olowi
Member middle fiow unit (s above),

Sample CT-9 yielded 8 very homogenenus
‘apparent ages averaging
ig. 3. Tuble 33, The 10 analyses faft
an un isochron thar defines an age of 1.212
£ 0.00% Ma. an initial ®Ar/*Ar 0f 295.5 2 10.6.
and 2 MSWD of 1.7 (Fig. 2). The mean and
weighted mean ages of +.213 £ 0.010 Ma snd
1217 % 0.007 Ma. respectively. wrc virtusity
identica) (Table 1y and also include all analyses

Nine sanidine'crystals from sample CT-6 de-
fine a dominant group at =137 Ma (Table 31 The
i50Chson WrEAImER! T2Sulls 10 omiting w0 dis-
tinatly oldes outliers {CT6-5a a0d CY6-7a} and
one younger outlie (CT6-8a). This gives a six-

puint isuchron and anage of 1.362 £ 0016 Ma. an
tnitial AN 0l 2988 1.8, 3008 MSWD of

sanidine and plagiociase were analyred. A toial
of 13 fusions yi : the
maining analyses were of plagioctase (identified

nammw sange of raiogenie yiekts (4 %H-7%),
which give an age of L4SI 2 0022 Ma, with an
apparent initial ©OAC¥Ar of 714 < R6 and 2
MSWD of 2.2. The mean age omits sample
CT3-8a end yields 1531 = 0.032 Ma. The
weighted seen of these data is 1542 2 0,008 Ma
(Table 1. Because of the nammow range in radi-
ogenic yield of te CT-3 anayses and the result-

. h
mean as the hest ostimotc of the sge of the unit
(Table 1),

Sample C1-2 yielded apparent ages for 12
analyses that range from 1.200 to 1.624 Ma
{Table 3). Seven of these define an isochron
{omitting C12-3a. CT2-43, C12-52. CT2-12a,
and C12-13a) giving an age of 1,536+ 0,018 Ma
with an initial “Ar¥Ar of 297.6 £ B.1 and a
MSWD of 2.2 (Figs. 2 and 3). The mean omits
only CI2-122 and gives an age of 1.558
£0.033 Ma. The comesponding weighted mean
is 1550 +-0.008 Ma (Table 1, These three ages
are identical at the [ level.

We did 13 fusians on sample CT-1. which is

. i B

y Ca/K >1) CTuble 3). None uf
meaningfol isochrans, The two sanidine analy-
ses have 2 mean of 1,543 0,066 Ma 20d
weighted mean of 1.52{ £ 0.016 Ma. whereas
the same treatment for the plagloclase analyses
omits CT7-4a and ylelds 3 mean of 1324
+ 0016 Ma and weighied mean of 205
+0.024 Ma (Table 1). The two sanidine analyses
are beoadly consistent with siratigraphic rela-
tionships among orher Cerro Toledn samptes

abave the (kawi Member, These yield scanenxd
apparent ages of 1.59310 1956 Ma (Table 3.
with only the youngest being consisient with s
stravigraphic position above the underlying
Orowi Mcember (Fig. 4). These data fail to define
an accepiable isochron regardless of bow many
outliers arc omitied. A mean age of 1.653
£0.032 Ma omits CT1-Ta and the comresponding
weighted mean age is 1652 « 0008 Ma

ngu hnwcvcnhc lagioch ithy o0

with

rvla(mn\lupm w e of use in cons(ulnlng ages.

Sample C1-4 is also neasly aphyric: the dom-
inan feldspar is plagioctase. and both sanidine
and plagiochase crystals were analyzed. The
6 sanidine analyses define 2 relatively coberent
group atca. 149 Ma, whereas the 10 plagioclase
analyses are significantly more heterogencous
and iend 10 deTine younger ages. sihough ther:
are some ohler ages. A sanidine isoctoun yichds
an age of 1,474 £ 0023 Ma, an infrial “ASPSAT
of 2960 ¢ 51.4. and # MSWD of 0.4 afier omit-
ting analysis CT4-3a (Figs. 2and 3). The 6 sani-

1.7 qkigs 2and 3).
the mean age of 1,404 20124 Ma. and the corre-
sponding weighted mean is 1,389 £ 0.01) Ma

mean of 1488 £ 0.024 Ma
and a weighted mean of 1491 £ 0.009 Ma
(Table 1), These ages are coasisent with strati-

(Table 1). ‘Fhese throe ag patthe
Lo level.

“Fen fusions of sanidine crystals from CT-§
yicided a fairly hamogencous population with 2
mean of 1383 Ma (Tables 1 and 3). An isochron
regressed using alt the data yields an age of
1.376 = 0018 Ma. 4n initiat A/ “Ar of 310.6
+35.0.and a MSWID of 2.6 (Figs. 2and 3). Al-
Ihough slightly above the 2.5 MSWD cutoff
Tevel. (his result is doemed acoeptable beeause
the MSW for the standand isochron (PAr/%Ar

‘graghic relati “The plagioclase analyses
do not defie an isochron. A plagioclas mean of
1.370 £ 0.143 Ma and weighted mean of 1.247
20.019 Ma include ail 10 plagioclase analyses.
As for CI-7. these ages are strigraphically in-
consistent of 100 inyprecise 0 be usefol.

Nice fusions from sample C1-3 yiekded uppar-
e ages from 1.474 0 1.998 Ma (Tsble 31, Phe
isochron procedure results in omitting three of
these: a Tesufing fsochron 5 defined by six snaly-
ses {prescat as two disting] clusters) having o very

(Table 1). Althong ageisin

with the age of the Otowi Member (soe belaw),
these data a4 po useful constrsinis w0 the age of
<ample CT-1. However, its age is strarigraphi-
cally comsmaine to be between that of the (Xowi
Member and the overlying CT-2 (Fable 1).

Cerro Toledo Rhyollte Duoves and Otowi
Member—University of Houston Dste

Samidine crysals (n = 25) from the Warm
Springs dome (WS-2) cxhibit the widest range in
“Ar®Ar ages from 1044 10 0480 Ma
(Table 3). of all samples in this study. The iso-
chron approach excludes 10 of (hese analyses.
most cigificantly older than the mode a1
1252 Ma (Fig. 3} (WS- ZI»WS -20}. and one

DA AT Of 296 2 15, with 3 MSWD of 1.)
7, 2. Table 2). Analyses defining the Isochron
exhibis a Giaussian distribuiion with 2 mode o1
1.252 Ma (Fig. 3). When including al) analyses.
the mean und Standard deviatons (6.4
220.2 Ma) suggest exclusion of WS-2m only.
and thus (&l 10 identily the obvious mude of

anatyses w4252 Ma (Fig. Y, The mean und
weighted mean ages of 1.267 £ 0.025 Ma and
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Figure 3 (Abx Figure 2. Thicker curved lines are data used
defi 17-31(Otowt Member) was analyzed at both

the Australian National University (ANU) and the University of Housion (UofH).

1.263 20,011 Ma. respectively, shown in Table 2
are calculared using the juvenile crystal popula-
1ion defined by dhe isochron approach and ace in-
 disiimguishabie from the isochron age.

Sarmple TE-9 from the Sierra de Totedo dome
BAve & very homogeneous population of sanidine
anatyses: afl 10 fef) on an isochrun defining an
age of 1336 2 0018 Ma. an initial “"Ar*Ar of
305 2 19.and a MSWD of 0.8 (g, 2. Table 2).
‘These analyses. after omiiting TE-9i. give mean
and weighied mean ages of 1.326 + 0.027 Ma
ang 1,336 + 0.012 Ma. respectively. which ar:
indistinguishable from he isochron age.

Fusions of sanidioe phenocrysis (n = 13) from
sample TF:- 15 from the Turkey Ridge dume yicld
*As™ Ar ages ranging from 1.318 0 1.927 Ma,
11 of these forming a coherem group hat defines 3
‘mode 2t 1343 Ma on the peobability distribution
‘plox (Fig. 3. Table 3), The isochron approach omiits
crysials TE-1 Shand TE- 5 (Table 3). which haw:
distioeuly oider ages Whan the remaining 1. and
gives an age of 1.343 + 015 Ma. an initial

SAAsof 315 2 T0and a MSWD of 1.2 (Fig. 2.
“Fable 2). The mean and standard deviation ormits
analysis TE-15] {1927 Ma). giving an age of
1351 2 0026 Ma, wih the comesponding
weighted mean at 1,348 £ 0.021 Ma (Table 2).

Ten saniding analyses from sample TE-1.
from Unnamed dome. range in age from
1234 Ma to 1,481 Ma. with cight clustered
tighty at 1.35¢ Ma (Fig. 3. Table 3). The
isochron approach omits TE-14 and TE-ig.

range 1.321 10 1.416 Ma. giving a mode a1 1.378
(Fig. 3. Table 3. e isuchron {Fig. 2) is defined
by these (7 analyses (TE-26f. TE-26r, and
'TH-265 ominted). which give an age of 1359
20,012 Ma. an initial ®Ar*Arof 110 £ 8 and a
MSWD of 1.4 (Fig. 2, Toble 2), The mean age
‘approach omits oniy analysis 'T1-26q and gives
an age of 1.368 = 0,048 Ma with a comrespond-
ing weighted mean of 1369 = 0011 Ma
(Table 2).
A

which are aider and younger, than
the nemaining analyses (Table 3). The isochron
defines an age of 1.348 £ 010 Ma, with an ini-
tiab QAr AT of 07 £ 30 and s MSWL of 0.9
(Fig. 2). ‘The mean and weighted means resubt
from vmission of the same analyses and are
1.356 + 0.013 Ma and 1357 £ 0011 Ma,
respoctively

A toral of 21 sanidine fusions {rom sample
TE-26 (Certo Trasquilar) define o fairly bome-
geneous pupuladion; AP Ar ages range from
1.224 M 0 | 460 Ma. and 17 of these are inthe

population of CA0PAr ages
was obiained from fasion of 21 sanidinc phe-
nocrysts feom sample ‘13- 3 (Sierra de Toledo).
The isochron approach includes all analyscs and
gives an age of 1379 £ 0.012 Ma. with an initial
OARAC of 305 + 10 and a MSWD of 0.9
{Fig, 2). The mean ag: oniis analysis T4 3g, giv-
ing an age of 1,367 0,030 M. and the weighic
mean of these anatyses is 1380 & 0.0 Ma
(Pble 2},

Sanidine fusions tn = 22) from TE-20. Los
Posos East dome. gave a fairly tomogencous
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defiming  mode st 1,468 on the prob-  omission of these four older analyses and gives  University) and 1,618 = 0.011(University of

abilisy distribution plot (Fig. 3, Table 3). An ac-
cepable isochron is defined afier omiting
Ti-20r and TE-20u. giving an sge of 1.446
2 0.00% Ma. with a high initial ®ArAr of 402
+33.anda MSWD of 1 8 (Fig, 2). The mean sge
is 148} £ 0.027 Ma after omitting TE-20u and
TE-20v. and the weighted mean age is §.477
+ 0009 Ma (Txble 2).

Sanidine crystals (n = 25) were analyred from
sampte TE-18, from the Indian Poirs dor
(Table 3). These ages form a Gaussian disin!
tion with a mode at 1.472 Ma (Fig. 3) and a
cange from 1.386 Ma to 1.533 Ma (Table 3). The
isochron analysis inchudes ull the data aed gives
an age of 1463 + 0.0(1 Ma, with an initial
WAPSAL of 296 2 (1, and u MSWD of 11
omits analyses TE-[Kc ang
TH-18¢ {older snd younger than the mean, re-
spectively) and gives an age of 1457
=0018 Ma. T conesponding weighted mean
age is §.464 £ 0.009 Ma (Table 2). Al of these
ages are vimually indistinguishabie.

Sanidine analyses (n = 17} from sample T5-25
(Los Posos West) show 3 strong mode a1
1.537 Ma (defined by 13 anatyses) with four dis-
tincily older outliers ranging up ' 1.5} Ma
{Fig. 3. Table 3). The isochnm approach rsutts in

Z

a0 age of 1.540 = 0.012 Mu. with an initia)
WAL AL of 302 + 12. a0d 2 MSWD of 05
(Fig. 2). The mean and weighted mean ages of
1.548 £ 0018 Maand | 545+ 0016 Ma. respec-
tively, result from omitting the same outliers
(Table 2).

Sanidine phenocryss from sample 17-31
(nowi Member) define ““Ar/PAr ages ranging
from 1.583 10 9.459 Ma (Table 3). fsochron
analysis shows that afier omitting $ of 33
analyses (17-31(UH). 17-31L 17-30m, 17-31s.
17-31y and 17-31af were excluded), an age of
1.61R 2 0.01) Ma is defined with a trapped.
“Ar%Acof 301 4 3and 8 MSWD of 2.1, The
2% anatyses defining the isochron form a cober-
cnt group with a mode at 1.62 Ma (Fig. 3). The
cormesponding mean and weightod mean ages
of 1.644 2 0.053 Ma and 1.625 £0.009 Ma re-
suly from omitting the same pulliers as the
isochron.

DISCUSSION
Bandelier Tuff

“The *AC/MAr sges obiained in this study of
1.225 + 0009 Ma { Australian Naional Univer-
sity). 1.608 2 0010 Ma (Australian National

Houston) for the Tshircge Member and Growi
Member, respectively. are 9.4% older (Fshirege
Member) (0 1165 oldey (Unowi Member) than
the K-Ar dates reporied by Docl ot 2. (1968).
This differcoct is most likely the result of incom-
plete degassing of sanidine during the K-Ar
analyses (¢.g.. Webb and McfXugali, 1967; M-
Dowell, 1983). Spell ex at. (1990) abiained ages
of 1,19 £ 0.02 Ma and 1 57 £ .03 Ma for she
Tshicepe Member and Oowi Member. respec-
tively (wher adjuMod 10 an age uf 27.9 Ma for the
Fish Canyon TWT: see previous discussion). Lzt
and Otradovich (1994) reported ages of 1.24
+0.02 Ma for the Tshirege Member and 1.63
2000 Ma for the Otowi Member thas agree with
the ages reported her: and are slighily aldes than
(although overlapping &t 26 evvors}he ages re-
ported in Spell et . (19901,

Note that anatyses of the Otowi Menber sarn-
ple from Cochili Canyon (R2.CC-01. from a
complexly channeled outcrop) form a much
more age heterogeneous group than those from
sample 17-31 from the massive middle flow unit
of the Cnawi Member. Furtbermore the much
larger number of anatyses of 1731 al the Uni-
versity of Houslon (= 13) show the presence of
xenverysts which were pat apparent from ithe
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TABLE 3. ArPAs ANALYTICAL DATA FOR CERRG TOLEDO RHYOLITE SAMPLES

e ar A o A o AT,
[ CQTimol (<107 mo) 1078 mad (< 10mol (%) 0x 109 iMas o)
odeiier Tuff, Pinlan U rdvershty
a27-1a 6127 1.78 i 2465 913 196 16997 321820010
) 8245 X 850 03 185 LA 1270010
827 1072 1025 e85 2304 0 196 (702 otz
w2748 6780 ez 1514 B2 b6 208 17068 122
82750 3153 7,685 8400 212 90 281 17047 121x0014
w274 1030 1240 1313 2547 s 200 120820
2778 2378 e 3550 7 %2 238 1740 120720000
a2rea 123 7502 306 sz %2 197 1708 122420000
141, ANUE 92141,
CTo-18 2083 .38 8641 1158 W7 21t 1438 1208520008
cre-2 2141 B8 sa21 2145 68 214 1638 121020014
cTha 3104 6.682 7128 1288 92 206 16854 122120012
T 3897 8080 [ 229 058 198 163 S
CTo-fa 211 501 5203 9413 w4 206 18527 121920013
1 2582 3308 9355 M43 107 18566 12225000
cavn 78 620 520 1096 T2 Ze4  16u4 12112008
c1o-8a L 7013 1583 804t 925 33| 18NS 120920018
CToBa 1226 6.408 5235 8968 30 2603 1&84 120050013
CTo-108 1809 5080 s 8785 w0 2z 1887 123120010
el 38,
cTete 7831 9212 8w w56 287 414 19085 142220004
cTs2a 4107 5541 87 352 18264 13600022
Croa 1,368 ar a7 3360 RS0 443 18B0 140020020
CTaSa 1184 2487 1 4408 516 a1 21902 16312000)
4145 .880 231 5124 754 50 19286  1.362:002)
cre7a 0.608 222 1745 3836 48 546 20B0 155200045
crsea 1898 2.2 L] €269 243 524 1651 121020037
CTe: 1758 2004 1519 320 B3 585 LM 1370028
Cre1oe 02 ane 1350 S84 a8 871 16395 13704002
G " avet 35, University
cTs1a 3 9571 a1 1387 £ 001
crsz 1974 1w . 1412001
Csa 2548 0401 4558 138520019
CToaa 1 5500 3740 126 001
CTs5n 1572 4 2778 1349 50022
CTs6a 2148 6675 3312 128450019
CTs7a % 260 12920014
2.369 703 2113 1382 000
o5 252 s2m Ba78 1375 20000
cTs-108 2183 5809 a9m2 13702 G009
s 5.749 1757 5421 1337 667 713 23137 157820015
£Tea e 2101 0395 2034 523 43X LW 147420000
cTea 2, 1517 T4 1860 B42 447 13802 146130001
cis4a anz 1356 7290 1542 S0 408 L9SM4 148840013
crasa « 227 7782 1884 912 113 19N 145420000
cren 36 1277 5064 115 895 552 1962 1ds001?
CToga 2785 1507 Tieh 1817 WG 454 1Y 1469:0010
T8 2209 9. 4518 9455 023 4Bl 18319 142520011
e 2700 ) 780 1023 925 4e THTIE 145020016
Lovel 2, , A y
3487 8.206 3 7760 S 20198 143020010
180 2075 0am 117 120 15184 11242099
1658 W4p 0250 (L] 128 17204 128120379
Crra 0.8 138 0315 1082 2 27912 206820149
cT758 1708 219 0338 1287 141 2307 17090109
cT760 0796 2143 0362 0.949 124 19008 141320084
cT7-7a 0572 1473 0291 0745 2 20147 1492:018
cT7 .07 028 0738 a 110 190786 141320219
CT7-6a 1457 4,995 1497 1608 Tae 2 1 S0s0027
CT7-108 2088 1701 o7 1096 440 18 15570 115320050
CT7-1a 1185 1.8 0167 0853 478 13 19948 14772008
CT7a 1ate a8 0251 ane 4T3 138 13416 0964x0.081
cT7m 1301 2145 [ 1% €23 108 1541 178020041
v . ANUS 92-138, 4 » 0.00039500, Ausetralian Natlonal University
CTata 1178 2250 2918 8405 g3 898 20740 148020013
CTeza 1 4z 1634 ¥ L TR E
CTeza 1549 wn 045 £.308 233 1@1zo0
Crass o706 s 0307 aurs 21564 159850150
484 1306 00 osis 10 22148 158020070
™ 122 L35 2002 [ 20712 1478200V

(Conruady
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TABL 2. (Contrued)

Sarmpis o " A Pohay
0 AT me) 1o men o 10 tmon (x 10 ma) (%) (19 Mazq)
TE-260 0864 2284 1961 2008 917 200 149 136420008
TE25p osas 2373 1022 T84 ®75 416 136 132120049
Te-26q 123 T8e 1.10 1750 796 a0 12672 12220
TE 200 1088 1558 o 1618 805 285 13165 127120069
TE-261 1.222 ooce 2097 3067 883 000 134 120720037
TE20 2672 035 1848 as3 70 o036 1437 2 0.040
TE-28 o o001 1380 2197 s1 00 1e22 137220040
TE13a 203 2067 13112000
TEI% o 3105 1430 £ 0052
TEd3e 0578 Tar 1340 £0.113
TE-13d 4830 658 1362 £ 0027
TE3e 2189 130220089
TEAS oate 2182 138120038
TE-yg 1 1083 147520008
TE43n c408 202 1,409 2 0.001
TE1a o132 0500 1404 £ 0.070
ey 0400 1 ses 1340 2 0.072
TE-13K 0840 1728 1.008 134250
e 1504 202 2108 137820031
TE-13m o352 127 1,042 1367 2 0.048
TEA3n 0g78 5! 2765 1408 £ 0018
TE1% o528 1373 1255 138420
TE% 034 1354 1250 13020052
TE-13q 0560 1208 38m 1206 2 0023
TE4 oon 2007 1123 135130085
TE43s [ 2704 213 13492 6.6
0240 2001 13724 0.089
YE-13y 6960 2302 1.200 13323 0088
Caero Toledo Ahyoilts, Los Poece East, J = 0.000544,
TE-208 0224 8412 a7 150020040
TE-200 004 s.078 aom 148120000
TE-20 0018 5348 2480 143140048
TE-200 0320 14693 148320012
TE-208 oss 2445 1439.2008)
200 1286 1915 20
TE-209 o2 2078 1444 2 0.604
TE-20h 2828 2,083 1507 0,029
TE-20i o 163 1490 £ 0049
TE-20) a0 1842 149840037
TE20k ans 20.0%
TE200 o180 1,997 148310050
TE-20m 1840 a5 1522 20:
200 0320 2628 14710022
TE200 0480 2289 147020052
TE2p 1 2900 149420024
TE209 o0a7a <515 148826018
TE200 0129 ara 181920022°
203 8360 2001 14702 0.008
TE2o 224 1.498 150840.048
TE208 o6se 1,908 1366.20.040°
TE-20v 1200 1801 1580 0,038
3104 P 9306 903 2@ 15484 150450020
2078 487 D064 905 288 1438 148550083
1058 4z 5667 47 22 IS7R 153004
1328 1083 29%  se® 237 1 20,
2304 1076 1B 871 243 USWS  14Tes0015
1608 650 13488 96% 300 15240 14832001
[ 4par 082 823 283 15100  1470x0.
os28 1742 27@ 0% 201 14507 41150088
0240 1143 175 981 381 14880 1448¢0.
9822 2635 4106 943 300 1ATS 143520030
0480 2212 2525 982 261 A4 145820000
o 2687 sa3 780 260 15118 147e0027
0268 1797 267 w0 ax 902 145920043
0600 3387 4638 064 230 1476 149850025
0512 1227 1957 ;3 185 14768 143020057
2002 2118 248 8D 243 1448 1406 20,033
aese v.587 2580 927 123 15277 148020048
1728 1930 2258 M8 2®m 142 138820040
o544 27 367 e67 z: 1 141420028
2018 1707 3em a1 2m 1427 20,008
osu 2208 ass g5 23 148120040
7680 2560 5024 €25 075 1442 20036
(Continved)
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SPELL T AL
TABLE 3 (Contined)

Sarcie o] Vi Wi A R CK
© OV mon_ (10 me px 10 meh p10men e%) b 109
Cerro Toledo Rhyolite, fedion Pol,

TEow 5.488 6.435 2078 €196 743 370
TE1ex 0490 2886 1814 2811 951 260
TEey 0720 2204 3.608 2856 XEEEY ]

0.800 1.0 475 15404 150020078
0872 10,088 2687 ess 680 16181 1545 20,055
430 12.620 7. @5 320 1 1594 5 6021
1704 a7 2548 €7 212 15575 150720048
0448 2899 1204 W 3T5 15277 155620000
1,088 338 0.0 812 e70 1531 20,088
1222 2480 1.390 4 219 5 18820
0448 2004 0993 3T 1829 185120008
0448 2m1 1,048 1 300 15188 154720042
0720 1.401 o e70 270 18228 186120080
2784 2478 0603 908 639 11328  11.506+0.131"
020 0.908 ®E 4 rae 181050077
1.008 1950 0848 98 412 37 38122008
0,304 1347 Q477 W4 507 4B A983x0.186°
0,768 0.000 0933 €5 000 1 1.736 £ 0.085°
2688 2050 079 202 708 15192 164820.102
0.400 2600 [ 28 485 1508 15072 0,082
10.416 10803 8222 18250 813 320 16008 164630028
5.5 0522 sme 10968 852 308 1841 20031
4800 8080 3907 8047 828 280 17057 17442005
10822 7.568 5078 1563 708 268 16150 16520008
0.000 878 5690 11965 764 278 15067 162320008
21.084 15909 7554 10298 649 361 157SE 181120087
15280 [ 5327 12754 865 285 15615 150740038
31304 19.583 11.857 27838 674 29 15001 1,62620,022
6784 22873 13,438 2234 913 312 15625 158820014
80 o } 28420 2 16382002
3778 478 11816 906 302 15783 161420022
12.128 aus7 42 s 2m 2 261320031
15882 asra 2019 90 641 241 92718 B4 x0.0ED
1w 5 2971 BS2  Sp6 Y@ 17217 1.70020.097
1760 7. 4100 6967 w27 2% 1 161920024
26¢ See7 6470 BS3 308 16116 16480
IR 1260 4901 20768 5. 925 286 (5780 16142002
R 282 3850 2507 6213 ez 277 1.784 2 .07
173UK1s 0D 3960 3045 BISS 998 234 2. 2753 x0.029"
1731 2.400 4. 7116 903 358 16125 1649020090
IR O, 7872 2673 7, 973 308 1 1.638£0.009
781Uy 1712 4484 2338 4131 342 15570 159320038
UIWHIw 45136 4.08 3285 1@ 264 16220 11658 20.048
1AM 2016 o2 283 15630 150820025
A73UH-1y esie a2 10.010 270 se2m 1.987 £ 0.020"
TIUHI 2068 5507 3000 5891 330 15786 181420019
fIIUH- ;0044 0880 1447 280 100 16744 171220042
BN 3020 5.460 28 s. 348 15608 158450022
MIUH1ac 3168 to08 1909 175 145 16388 16780000
V3IUH-1a0 0816 5290 3180 s, 28 181720018
31UH-1 624 4392 1758 3477 450 1478 15©20
UH-at 1920 0302 1945 2680 083 17168 175520001
MUK fag 0428 4005 1302 2184 4 550 18419 187920084
F7ofe ETvors on 2g¥s GUOted 81 1 and Tichuge 0.5% SFTof in J_S&TEIeS Omiled from BOCHion anaiyes.

smatter analytical set at the Ausiralian National
University (o = 8). These differences serve to
tustrate the potemtial far variabifity introduced
bath by the sample mmd by the mumber of analy-
es in the analyzed erysial population.

Cerra Toledo Rhyolite Tephra

The ®ArAr ages obtained in this stody are
hroadly consistent with previously reported K-Ar
and fissian-track data (Doell er al. 1968: Lret et
al.. 1981; Stix et al.. 198R: Tables | and 2). Cerro

Toledo Rivyolite tephra surmple CT-9, dated here
as 1.22 = 0.009 Ma, may correspond (0 the up-
pec pumice unit dated by Irest et al. (1981) as
1.23 = 0.02 Ma, Although CT-9 is sieatigrapl
catly below the ‘Tshircge Member Plinian unit,
the two ages are indistinguishahle within anatyt-
ical errors. This indicates that significant eruptive
activity was oceurring within the Cerro Toledo
Rhyolite prior to enuption of the Tsbirege Mem-
ber and collapse of the Valles caldera. Sample
CI8 has 8 ArFPAr age of 1.479 £0.020 Ma
and cormpares (avarably with s K-Ar age of 152

20,04 Ma reporied by Stix o1 2L, (1988) on a sam-
ple from the same strarigraphic level. Atthough
our sample CT-7 gave no refiable date, it come-
lates stratigraphically with CT-4 (1.474 Ma) and
1he lower pumice unit of Fen et al, (1981} datsd
25147 £ 0.04 Ma hy K-Ar (Table 1),
The new AP Ar ages are shown in Figure 4
in relation totheir stratigraphic position. There i
ment between the ages. including those of
the bracketing Bandelier taffs. and stratigraphic
fevet in the tephra sequence, Overall, the sam.
ples fall into groups with ages of ca. 1.54. ).48,
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YRHYOLITE, JEMEZ VOLCANIC FIFLD, NEW MEXICO

TABLE 3. (Contihoed)

Sarml AT Tar Samph A CalC AN,
[ 0 me) (107 ot (x 107 mol (10t mel (%) Mato) 10 (10 mon (x 1077 ml) {x 10t moh) (10T met) (%) (x 107 M8 2y
CorTo Voleda Rivyoilts, Cerrc Trasquiler, J = 0-0005355, Untversity of Houston (continued] Conro Indion Potm,
TE-260 0884 2204 1981 2998 " 208 14009 1.356 £ 0.028 TE-18w 5.488 8435 24076 8188 74, am 15002 1.459 = 0.030
TE-26p o.e88 2313 1022 1504 875 418 13682 132120049 TE-18x 0498 2886 LRI 2m 251 288 1.5290 1.488 20,045
TE-26q 1232 1.847 1101 1780 796 300 12672 122420085 TE-18y 720 2204 3038 ARS8 957 129 15303 1.492 30,020
TE-260 1.088 1558 0.990 1018 805 2.65 13186 1274 £0.069"
TE2es 1232 0000 2007 a7 883 000 133 1207:0037 Carro Totedo Riryollte, 4+ 0.000585,
e 2672 0250 1840 2523 780 038 9 4334 *0 D0 A4.784 184 2020 23 475 1.5404 150010078
TE200 0800 0001 1.308 2167 1 000 14x2 13720004 oe7e 10,088 2 4224 855 8. (5161 15452008
e ¥ Tose a2 s o2 1 1534 20,021
744 a7 548 4457 887 312 15878 150720040
TE-13a 2032 197 1.311£0.044 0440 2839 1.264 2048 a9 375 5217 1.556 20,
TE1 043z 4203 £0.052 1088 I 0856 1.883 a2 670 15028 1531 £0,008
TE-13e 0578 2122 1.34030.112 1232 2483 £.390 2463 856 319 15231 1.552 2 0.
TE1X . 0.687 1.302 £0.027 0.443 2004 0983 1839 °3 an 15219 1.551 20.068
TE0e aex 2539 1202.20.089 0s8 280 1648 2618 951 309 15088 154720042
3t 0416 2011 1.381 2 0.038 0.720 1.401 0803 1575 are 2 15226 1551 30,
TE-13g 1.680 2812 1475+ 0.058 2784 2474 0.603 8.644 (2] 638 113239 11.506.20.131"
TE-13n 408 442 1.403 2 0.031 0.220 0.908 1422 28 439 1.4821 1.51020.077
TE-f 0192 1. 1404 £ 0.070 1.000 1958 0.048 2450 9.8 412 3812 20.082°
TE1Y 0.400 1,904 134620072 0.304 1.047 0477 2407 4 5.07 48750 4.960 £0.155°
TE-13k DA48 728 134220008 o768 ©0.000 0933 1812 o5 0.0 1.736 £0.085*
eI 1504 2021 137820001 2688 2050 o 1901 €02 706 1592 1548301
TE-13m 0.352 1278 1.387 £ 0.048 0.400 2600 0063 1665 ns 485 1.537 £ 0.082
TE-13n 0978 5.758 1406 £ 0019
TE-1%0 0528 1173 126410054
13 038 1.334 1.380 £ 0.052 10418 18.258 1.8006 1.048 = 0.028
TE13 0560 1208 129610028 560 10088 16053 184720031
TEA 0992 2007 1351 2 0.085 4.800 8047 1.7057 1.744 2 0051
TE-13s 0.688 2744 1.349 £ 0.039 11522 11.563 1.8150 1651 20,038
13t 0.240 0.001 13732 0.069 P800 11.885 1 1823 2 0.020
TE-130 0.960 2.302 13322 0.060 21.984 18,296 15758 1.611 20,027
15.280 12.754 15815 1.597 £ 11.035
Lot Posos East.J = 0 31w 27505 150 180
024 8412 1.500 £ 0.049 8.784 234 15826 1598 £0.04
0.048 6678 1484 £ 0.000 72480 38.420 1.6025 1.638 x0.082
0018 5.348 1431 2 0.048 3778 11.518 15783 1.614 20022
20510 14632 0.012 17.720 18.472 25664 26132003
o418 3. 4 G061 13.852 37899 9.2714 9.450 £ 0.060"
1264 2317 1504 £.0.084 11920 8542 1717 178020087
0352 2,450 1444 2 0.034 1.760 6087 1.5836 16192 0.024
2528 w78 1.80720.02 3204 6470 10418 104830025
0304 1944 1406 £ T8 173tUN-19 1.360 5.206 1.5780 18140023
ome 2807 1.498120.037 A7IIUH- I 26 5213 1.7644 1.794 + 0.072
2848 £.050 1 £0.0%0 1231UH-19 0.080 8109 2 2.75330.029°
0160 778 140320050 PN 2400 716 18125 14920010
1840 1.354 £0.0 1TIUH- U 634 1 1.638 2 0.019
0320 5827 1471 £ 0.022 ITS1UH-1v 1.712 4.131 1.5576 158320,
0.480 4438 1.470 £ 0.002 A731UH- 1w 45,138 1B.441 18221 1,658 £0.048
1.200 5432 1.494 £0.004 TTAIUH-1x 2.016 004 1.5630 1.508 £ 0.025
0876 10790 148820018 TIBIUH-1Y 3 10.010 19208 1,067 £.0,020"
0128 12320 1.519.£0022° 1TIUH-12 2968 SBn 1.5786 1.81420.010
o160 ] 1476.20.08 DM 0964 2801 (876 \nzaooez
0224 a.199 1, 0. 173Uk 100 .04 5209 1.5406 1.564 20,022
0858 1.8%0 1365 % 0.040° ATIUN- 18 3188 1] 4175 1.6306 1878 1 0.029
1200 1528 1.580 £ 0.038 1731UH- 180 088 L] 5253 1.5620 181720018
1731UH- 108 2624 2477 15470 1.3 1 0.030
 tian Point, U 1120 3650 83 17188 17000
3.904 6545 A8 9308 203 282 15484 1.504 £ 0,028 17IIUH-Sag 0.428 2,184 . : 18419 1879 20.044
2978 s678 s.4a7 0084 205 288 14958 1489 £ 0.0 ) quoted ode nd ~Sampies omtieo' Boshyon —
1.058 4209 2423 5.6a7 "7 a2 15759 1.533 £ 0.048 Hotw Erers on Miowd O.5% srorind roem
1.328 219 1.083 2958 8o 237 1.4 £0.080
#2304 14512 1078 1895 B71 263 1510 147420015
1o st brees e B IR e st smaller analytical set at the Austratian National  Toledo Rhyoliie tephr surmple CT-9. dated here =004 Ma reporied by Stix et al. {1988} on a sam-
by 2202 Vrez 2%y 4 23t 1asar 14112008 University (o= 8). These differences serve tail- a5 121220009 Ma. may correspund o the up-  phe from the same stratigraphic kevel. Although
0260 2242 114 1759 %61 AS1 14880 led8s00m lustrate the poteniial for variabi et pumice unil dated by lzct et al. (1981 as  our sample CT-7 gave no reliable date. i corre-
foeed bod 2 Pr B o S I oG ool both by the sample ond by the mumber of anaty- 123 2 0,02 Ma, Afthough CT-9 is stratigraphi-  lates ucatigraphically with CT-4 (1 474 M) and
sz o 2587 S3z3 760 260 15118 14710027 ses in the analyzed crysial pogulalion. cally betow the Tshircge Member Plinian unit,  the lower purice unit of (1t et al (1981) dated
oz Jze = B o am M 14s0:000 the two ages arc indistinguishable within analyt- 5 1.47 £0.04 Ma by K-Ar (Table 1),
e pyiced tor - R S Sy 4 Cerro Totedo Rhyolite Tephra ical errors, This indicates that significand eruptive. The tiew Ar®Ar ages are shown in Figure 4
2032 2658 2ne I8 B9 Zes A8 14090080 activity was occurting within the Cerro Toledo  in relation to their stmifgraphic position. There is
b= ool 34 oA VA B CH G 4 The “ATPAr ages nivained in this study are  Rhyolite prior o eruption of the Fshirege Mem-  agreement between the ages. including those of
o8as Pyee 27 Q87 B57 dan 14538 141420020 hroadly consisten with previously reported K-Ar  ber and collapse of the Valics caldera Sampte  the bracketing Bandeics wils. and straligraphic
200 2874 ; m 3081 By 282 14888 1427 20.048 and fission-rack daua (Doell et % V96R: Lzener  CF-8 has m “PAr/Ar oge of 14792 0.020 Ma  teve! in the wphra sequence, Overall. the sam-
S tome e Joe ms o e tasnedde al. 1981; Stix et al.. 1988: Tables [ and 2). Cero  and compares fsvorubly with a K-Ar age of 152 ples full into groups with ages of ca. 1.54. 148,
(Contit)
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Section 6

CERRO TOLEDO RHYOLTFLE JEMEZ, VOLCANIC FIFLD. NEW MEXICO

Section 15

PCT-3

OMBT -2m
1.60840.010 Ma

1.362£0.016 M2

CT-5
137610018 Ma

CT-4
147420023 Ma

1.54240.008 Ma

CT-2
153840018 Ma

1.37. and 1.21 Ma (Fig, $). There is a regular
progression of decreasing age with higher sicati-
graphic level. with the excepilon of tw apparent
50 k.y. gap between samples CT-6 and CT-9
which. as discussed below, may be maierial lost
0 evrsion, The aew dates indicats that the major
Cemy Toledo Rhyolite erupiive aclivity (as
recorded by the large pyroclastic pumice units
sampled) occurred (hroughoul the «380 k.y. in-
terval hetween the Oowi Member and Tshirege
Member. o tha Cermo Toledo Whyolite \mm
cruptions uccurred in distinct puises ¢
1.48.1.37. and 1.2} Ma (Fig, 5).

The age of samplc CT-3 is somewhal prab-
lematic. The isochron age of 1.451 £0.022 Ma
suggests the prescnce of significant excess argan
(Fig. 2). which is ot cvidem for any of the other
tephra samples analyzed. On the basis of geo-
chemisiry. CT-3 appears to group with samples
CT4. CT-7. and CT-8 (Spell e al.. 1996). which
are dated hore a5 ¢a., ).475 Ma, suggesting a sim-
ilar age for CT-}. However. neither CT-4 nor
CT-8 show signs of excess argon (Fig. 2), Thus,
we suggest thal ihe weighted mean sge of 1,542
+ 0.008 Ma is preferable due I the very law
spread in radiogenic yield among the analyses
defining the Isachron, but this age is somewhar
uncertain.

For samples CT-4 and CF7, feldspars an:
dominasily plagioclase and the samples are
nearly aphyric. so bath plagioctase and ne
crystals were analyzed. Even though radiogenic
yields as high as =81% were obtained for the
plagiactase analyses, the data generally are dis-
cordanl with coexisting sanidine and with serati-
graphic relations, atthough precision is often
poor cnough that ages averlap at 2. Sample
Cr4is a good example of this probiem because
£ sanidinc ages form a cahesemt group, whereas
10 plagioclase analyses are scatiered (0 both
older and, dominanty. younger ages (Table 3),
Faacess argun could be invoked & an explanation
ﬁx the older ages hccnnc this would affect pia-
K contents of plagioclase. However. ihe CT-4
<anidine isachron does not indicate the presence
of excess argon. All mincral scparaes analyzed
appeated pristine under the binocular miceo-
scope. atihough uncecognized ticrometre.
alteration canniot be ruled out. Kelley et af.
{1994) noted that uliraviolet Yaser analysis of
fructured and/or altered areas in atherwise pris-
tine plagioclase yielded younger ages and sug-
gestod that these Jowered ages were from alter-
lllml pluduLIs (clays and K-feldspar). A

Figure 4, Composite

-l've tothe !lrllwlphr pnﬂhnu of Cervo Toledo Rhyalite (CTR) tephrs samples. Dashed lines

ing *Ar/Ar &

ﬁn:d by Stix (1989). AH data from the Austratian Nutional University. TMBY is Tshirege Mem-

d units. Arvows i

horizons, Unit

ber Randefier Tuff: OMBT is Otowi Member Bandelier Tuff.

between radiogenic yield
and age that mlghx be expected from sach a
‘mechanism is oot seen. However, this might ex-
pected for Taser fusion analyses. bocause e in-
tensity and duration of fuston of individual crys-
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SPELL ET Al
Cerro Toledo Rhyolite Domes n (5tix and Gomon.
RRLIEALALEY between cur samples 17.31 (Chowi Member)
and CT-2. Ages of 1.608 = 0.010 Ma (Otows
- Menmber)and 1.536 2 G018 Ma (C1-2) suggest

Probabliity

173187
142

100 110 120 1.30 140 180 160 1.70 1.80

Cerro Toledo Rhyolite Tephra

Probabllity

G
&

hat this event occurred within »70 k.y. of erup-
ton of the Otowi Mernber of the Bandelier Tuff
and collagse of ihe Totedo caldera.

Cerro Taledn Rhyolite Domes

O the pine domes dated in this stady, six have
‘hewn previously duted by the K-Ar method (Izett
cral.. 1981 Stix cral., 1988: Table 2). The new
AL ages arc generully consistent with the
previousty reported ages with the excoption that
some are stighily older, Cerro Toledo Rhyolite
dome samples WS-2. TE-1. TE-20. and TE-25
yield AP Ar ages simitar 1o previous K-Ar
ages (Tables 1 and 2) (tzen ctal.. 1981: Stix ot
al.. 198R). Sample TF-15 from the Turkey Ridge
dome 35 well 28 TE-26 from Cerro ‘Trasquilar.
howevcr. have significantly older @A™ Arages
than previous K-Ar ages (Table 2). ‘Thesc older
ages probably reflect incomplete degassing of
cadiogenic argon during K-Ar dating (Webh and
McDougall, 1967: McDowell, 1983),

Despite belng the most contaminated unit
dated in this stxdy. having xenocrysisas okd as ca.
105 Ma. Warm Springs dome gave a Ar A

106 110 120 130 140 150 180 170 1.80
49Ar/ %A1 Age (Ma)

Figure 5. Probabitity distribution disgras

iltustrating ceuptive periodicity during the inter-

val between the Bandelier tuffs. Sample ages and standard deviations used are preferred
#Arf?Ar ages and associated erroes from Tables 1 and 2. Modes and sampkes defining modes

indicated. Cerro Toledo

d at the University

of Houston tephra sampies analyzed at the Australian National University (lower disgram).

tals vary resulting in varying degrees of de-
gassiog. The varying amounts of degassing may
mask any possible comvelation between radi-
ogenic yield and age that may exist. In general.
our experience is that total fusion plagioclase
ages may pot be celiable and should be inier-
preted with caution (cf. Pringle et al. 1992).
The distinctly more heserogeous age popu-
tation from sample CT-1, immediately above the
Otowi Member makes estimation of ils age
somewhat problematic. These analyses fail 1o
define an isochean, however: the mean age of
thesc data of 1.653 2 0,032 Ma is indissinguish-
sble rom that of the Otowi Member. The
youngest A5 Ar age obtained fur CT-1. 1.593
£0.009 Ma (Table 3), may represent this sam-
ples eruptive age. although this cannot be con-
firmed with cenainty from the datasel, An age of
¢a. 1.59 Ma is consistent with the stratigraphy,

which shaws that CT-1 must be older than the
Orowi Momber (1608 £ 0.010 Ma} and younger
whan CT-2 (1.536 £ 0.018 Ma) (Fig. 4. Table 1).

The observation thet CT-9 yields an age iden-
tical 1o that of the overlying Tshirege Member
{Table 1) suggests that significant volcanism was
eccurring immediately prior 10 the cataclysmic
Tshirege Member eruption and coliapse of the
Vatles caldera, These precursor eruptions fe-
sulied in deposition of =1 m of tephra in the sec-

age indistingui K-Arage
(1265 5 0.011 Mavs. £.25 20,08 Ma, respee-
tively) (Yables 2 and 3). Ap integrated age
{weighied by smount of At per analysis) of
361 £ 0,014 Ma can he calculated (rom the
“ps/® Ar woalyses in Table 3. 1t is common for
SAHMAr dates to he up 10 ~10% older (as s the
case here for TF-15) than K-Ar dates on sanidine
due (0 incomplete exiraction of radiogenic argon
during K-Av analysis (Webb and McDougat).
1967: McDowett, 1983). If the 25 crystals dated
from this sarple 1 ezpresentative of he crystal
population, then the K-Ar age of 1.25 Ma is
=65% younger, which would be unusual. This
suggests 1har the XenOCTStic Component is aver-
represened in our analytical data,

The ©A4SAr age of 1,343 2 0.015 Ma ob-
1ained for Turkey Ridge dome (Table 2) is 8.3%
older than the previous K-Ar age of 124
+0.03 Ma reported by Stix et al. (1988). The
Unnamed dome ;nm a "’Art“/\x ageof 1. 348

tions we swdied (Fig, 4). and the.
of CI-9. which is identical o that of the first
crupted material of the Tshirvge Momber (Spel}
o ol.. 1996). suggests that these eruptions were.
tapping the same magma chamber. These obser-
vations also aliow thay CT-9 records an early
pulsc of the Tshirege Member Plinian eruption.

The new °ArAr dates place significant
chronnlogical constrainis on @ magma chamher

+0:010 Ma. it

K-Ar age of 1.33 = 0.02 Ma (Table 2). Cerro
Trasquilar, sample TE-26. gave a ®Ac®Ar age
of 1359 = 0,012 Ma, which is 7.0% otder than
the previously reporied age of 127 £ 0.02 Ma
(Table 2).

Sample TE:-20, from Los Posos Eza dome. is.
with the caceptiun of tsphna sample C1-2 dis-
d above. the only
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that shows evidence for significant excess *%Ar
with an indicated initia) At *Ar of 402 £ 33
(Fig. 21. Becuse most of these anlyses are
highly adfogenic. the mean and

Correlations Between Cerm Toledo Rhyolite
Tephra and Dormes

Anitial speculations on between

a) are only =2% older (con
trasting with CT-3 analyses that are les
ogenic. resulting in mcan and weighted mean
1805 ~6% older). Because the TE-20 isochron is
i by o targe number of analyses (1 = 20)
with a reasonable spread in radiogenic yield. we
ake the isochson age as the best estimate of the
eruptive age of the |os Pusos Bast dome. The
isochron ages of TE-201.446 £ 0.00% Ma) and
CT-3 (145} £ 0.022 Ma) are indistinguishabe,
suggesting that CI-3 tephra is the Plinian phase
of the cruption that produced the 105 Pusos East
dome. However. these two units are distinct geo-
chemically. suggesting that they are unrelaed
(Spelletal.. 1996).

The tast Cervo Toledo Rhyolite dome we
dated that was previously dated by the K-Ar
method is .05 Posos West (sample TF-25), Al-
though the “?ArAr isochron date of 1,540
+0.012 Ma s within error of the previous 1.50

candy mone precise (Table 2).
Cervo Toledo Rhyolite domes dated during

Cero Toledo Rhyolite tephra and domes were
made by Heiken et al. (1986). wha suggested
that the Los Posus (Kast Las Posos in particulary
domes or the Cerro Toledo domes conmesponded
10 tephra units that include our samples CI-1,
CI-2.CI:3, Cr4, and CT-7 in stratigraphic ley-
cls § through 23 (Table 1). Heiken et af. {1986}
also indicated that suatigraphic levels 26
through 41 (Table 1) (CT-8, CT.5. CT-6. and
CT-9) correlate with Pnnacle Peak, which was
ot daled in this study.

Stix ct al. (1988) discussed comelations be-
1ween Cerro ‘Toledo Rhyolite tephra and domes
tased an the more detailed geochermistry and
geochronology available ot than time. They sug-
gested that the Los Pasos domes (Fig. 1) with
K-Arages of 1.47-).50Ma (Heiken ct al.. 1986)
correlate with 1epta units comespanding to owr
samples CT.3, CT4. and CT-7. which are dated
here as 1.47 0 1.54 Ma (Table 1). Stratigraphic
writs, helow which our sample CI-8 lies. were
suggested to correlate with the Turkey Ridge
domes (dated a5 1.24.£0.03 Ma by Heikenetal..
1986). The Southeast Rhyolie dome. irnacle

this sty are within the with
the exception of Warm Springs dome, Cerro
“Trasquilar, and pussibly the Los Pasos domes
(Fig. 1), Mhere is no apparent regular prognession
of ages with grographic focality within what rc-
mains of the Toledo caldera. Two samples of
Sierra de Toledo, a previously undated dome,
yield ages of 1.336 £ 0.018 Ma (TE-9)and 1 379
=0.012 Ma (TE-13). which ase 3.2% dilferent
and distinguishable af the 16 confidence leve).
The Sierra d¢ Toledo dome may be 2 composite
unit produced by multiple eruptions. Note that
Tarkey Ridge (1.343 2 0.015 Ma) and ihe Sierra
de Toleda dome form a continuous morpholugs-
cal feaure and thus may represent a single crup-
tive cvent between =1.34 and 1.38 Ma.

‘The mos obvious aspect of the AP Ar
daws oo Cerro Goledu Rhyolite dornes is the fact
that five of the nine samptes dated fal in an in-
terval bewween the dates on the 1wo Sierra de
Toledo samples TE-9 and TE-13. This is also an
inierval uf time during which tw of the Cerro
“Toled Rbyolite tephra samples (CT-5. CT-6)
were erupted (Fig, 2. Table 1). The previousty
undated indian Poini dome pave a *Ar/™PAs age
of 1463 £0011 Ma. As with Cerro Totedo Rhy-
alite tephra szmples. the domes dated were
erupted during discrete periods soparated hy
Tonger quiescent intervals. Eruptions occurred at
1.54.1.45. 1.38-1.34. and 1.27 Ma. Quiescent
intervats of 20-80 k.y. separate these volcanic
perils.

Peak. W, and Cerro Trasquifar
were suggesicd to correlate with tephra units
corresponding 16 our samples CT-6 Gnough
CT-9 (Stin o1 2. 1988),

The A Ar ages reparted beve (Tables | and
2) aftow these correlations to be tested. Both
Cerro Toledo Rhyolite wphra and dome samples

timing for these eruptive

periods. Eruptive activ-

eruptive episodes is defined by the Corro Toledo
Rhyolite dome samples dated in this study as
1.54.1.45. 1.38-1.34, 204 .27 Ma (Fig. $1

Tephra samples CT-2 und CT-3 (1,536
2 0.018 and 1.542 & 0,008 Ma, respectively)
from ncas the base of the soctiun yield ages iden-
tical to those obtained on Los Posos West dome
sample TE-25 (1,540 x 0.012 Ma), ‘Phis result
confirrs the suggestions of Heiken et al. (1986)
and Stix et . (1988) that CT-2 9nd CT-2 comre-
1ate with the Los Posos Wesi dome. but thows
thar 1.5 Posus Fast {see helow) does not corre-
late 16 these stratigraphic levels in the tephra and
also shows that C14 and C1:7 are ot correta-
tive with Los Posos West (Fig. 5).

Fanher upsection, tephra samples CT-4 and
CT.8 (1474 £ 0,023 and 1.479 £ 0.020 Ma. re-
spectively) cometate with the Indian Point and
Los Posos East domes samples TE-18 and
TE-20(1.463 £ 0.011 and 1.446 £ 0.009 Ma, re-
spectively). although there is a Suggestion ihat

Los Posos East may be slighily younger than
these Cervo Toledo Rhyolite tepbra samples.
Heiken et ai. (£986) and Stix ¢1 al. {1988) sug-
gested the corretatian between CT-4 and Lus
Posos Fast which our ®Ar/®Ar dates confirm.
Stix et al. ¢1988) correlated a sevtion of Cermo
Toledo Rhyolite tephra with the ‘Turkey Ridge
dome. Our CT-8 sample Ties below this, The
1.479 Ma “Ar/MAs age for CI.8 and the
1.343 Ma A As date on TE-1 5. from Turkey
Ridge. do not support this correlation.

Tephra sammples CT-5 and CT-6(1.376 + 0.01%
and 1.362 £ 0016, respectively} covelaw: termpo-
vally with a lrge group af samples from Sicwra de
Toledo, Cerro Trasquilar, Unnamed dome. and
Turkuy Ridge, sumples TE-13 (1,379 £ 0012 Ma).
TE26 (1351 ¢+ 0015 Ma). TE-1 (1348
£0.010Ma). TF, 151,343 £ 0015 Ma). and TES
(1336 2 0018 Ma). Stix €1 al. (9RE) suggested
the corrclation between CT-6 and (he Warm
Springs and Cerro Trasquilar domes. which s sup-
ported by our data.

‘There is 1o comelarive tephra for the Warm
Springs dome (WS-2.1.265 20011 Ma). Stix et
2. {1988} indicated a comrelation between icphra
comesponding 10 CT-6 and CT-9 with the Warm
Springs dome. Our data show that CT-6 is sig-
nificanty older and C'1-9 sigoificantly younger
than the Warm Springs dome (Tables 1 and 2).
There is no Plinian pemice fail unit within the
Cermo Toledo Rhyolite tephra sections we sam-
pied—stratigraphically between C1:6 and
CT-9—~¢hat might represent the initial phase of
the eruption producing the Warm Springs dome.

At the 10p of the Cerro Toledo Rhyolite strati-
graphic section, ephea sample C1-9 (1,212
+0.009 Ma} does nat comelate wilh any domes
dazod in this study: however, it has an age indis-
tinguishable from that of the Tshirege Member
(1225 £ 0.008 Ma). This is consistent with the
geochemistry of CT-9. which is indistinguish-
able from the overlying Tshirege Member
ian pumice (Spell et al.. 1996).

SUMMARY

The Cermo Totedo Rhyolites record volcanism
during the =380 k.y. imterval bewween 1wo
caldera-forming eruptions: the Tshircge and
Orowi members of the Bandeties Tuft in the Je-
e~ Volcanic Field. They contain impontant in-
formation about the evolution of this large
crustal siticic magma system during the transi-
tion from and to caldera coltapse evenis: this
study provides the good chranotogical comtrol
‘which is essenial fof itterpreting such daw.

“AsA?Ar dating of nine major pumice fall
wnits within the Cereo Taledo Ryofite tephrs,
which may tecord the inception of significant
dome extrusion events within the Toledo caldera,
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eruptive activity:
soven of these units have refiable 2nd straii-
graphicatly consistent ages. With 3 few excep-
tioms, cliable sanidine isochrons were oblained
from multipte lascr fusions of individual phe-
nocTysts, For some sparsely porphyritic samples
i which the dominam feldspar is plagioctase.
this phase was analyzed. Plagioclasc dntes were
genarally of pour precision, discordant with co-
existing sanidine. and inconsistent with strati-
graphic constraints. The dates obeained suggest
that Cerro Toledo Rhyolite Plinian pumice fall
eruptions occurred throughout the interval be-
tween he anelier it (ce. 1.61-1.23 M),
bal in
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