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Abstuct

The elecuon spin sesonance (ESR) dating method was cmployed on quartz. phenocrysts scpmwd from pumice of the E.l -

Cajeteand BautleshipRock Members of the Valles Rhyoliteinthe Valles caldera, New Mexico. The results of heating experiments

| indicate that Tt impudly centers have two components; a thermally stable one and a less stable, temperature sensitive one, ESR...
-dates uslng the stable Ti center yleld eruption ages of 5916 ka for the Battieship Rock Member and 53 4 6 ka for the El Cajete
L. b Member: whnlc recent “C dates (S. Reneau and J. Gardner, unpub. dats) from czrbonized logs in the'El Cajete pumice indicate .
. that its ageis oldes than SO ka. Our results indicate that volcanism in the Valles caldera is much younger than previously thought §

(=130 ka).and that mcem revisions to the post-0.5 Ma stratigraphy of Valles caldera are probably in error. The results suggcst'
lhlt F.SR datlng of quartz may be a useful method for obtaining ages of units in other Quatemary volcanic areas.

1 lntroduction

Quanz is thc most common rock !'ormmg mineral in
i the earth®s crust and a common constituent in volcanic
rocks and hydro&hermnl deposits; thus methods that can
date’ the crysmthzntlon age and thermal history of
,quanz havc tremendous applications in. geology, vol-
cnnology. und ‘archacolagy. Three masthods developed
in recent years_have been successfully used to date

quarntz:’ (and -other minerals): Thermoluminescence

(TL). infrared optical (10), and clectron spm reso-

nance: (ESR) The three methods are similar in “that .

they measure the conccmmuons of trapped electrons in
. defects in cryml structures as functions of time but the
theory. mstrumcnmuon. and limitations of the methods

. Corrapondlng author, Now ot Department of Geology, McMas.

fer Unlvenlty. mo Maln St W, Hamllton. Ont., Cannda LBS 4M1,

' 0377-0273/95/509.50 © 1995 Elsevier Science 8.V, Al rights merved

&9010377 0273(94)00093 -X

nrcdxt’l‘crcm(r\ukcn. 1985. 1992; Skmncr. 1985; Ber-

ger, 1988).
The Valles cnldcm in northern New Mexico (Fig,
1) formed 1.14 Mz and represents the culminating

*

rwit

OO v 0.0k

magmatic event of the Jemez volcanic field, which has. -

been continuously active for the last > 13 m.y. (Doell

ct al., 1968; Gardner et al., 1986; Spell et al., 1990):

Valles caldera also contains many ‘post-caldera crup-

tions of rhyolite domes, flows, and pyroclastic deposits .

that have been dated by numerous methods most

recently summarized by Spell and Harrison (1993).

" The ages of the youngest rhyolite lavas and tephras
have been the subject of considerable controversy due - .
to stratigraphic complexities in outcrops and drill core,

, pcu'ologtc and geochemical similarities among units,.
and non-agreement of previous dating results. In fact, .
recent revisions o the stratigraphy. of youngest Valles - .
rhyolites have been pcmlcxmgly numerous (Self ct al.,.
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meters, The figure is partially modified after Seif et ol, (1988),

1986, 1988, 1991) since the original definitions of Bai-
ley et ul. (1969). Besides obvious uses for the mag-
matic, tectonic, and geomorphic evolution of the Valles
caldera, the age of the El Cajete pumice eruption is very
significant becouse it forms a widesprend blanket of
;- tephra throughout-the southeastern Jemez Mountains

und can: constrain the age of Quaternary faulting and

Si-. erosion. (Gardncr and House, 1987; Albrecht et al,,
B S 1993).

- primary phenocryst (Balley etal., 1969; Gardneretal,,

date quartz-at other Quaternary tephra deposits (Imai
. etal,, 1985; Shimokawa and Imai, 1987; Imai and Shi-
. mokawa, 1988), we huve determined the thermal sta-
7. bilities of Al'and Ti'centers in quanz from pumice of
. the EI CnJetc and Battieship Rock Members of the
" Valles caldera. Particular emphnsns was given to sam-

. ples of the El. Cajete pumice because this unit was
* . partially dcposited outside the caldera where no hydro-
thermal activity of post-caidern age hus occurred. Our
“ESR dates indicate that.the El Cajete and Battleship
.. RockMembersareof approxlmatcly thesameage (53-

Fig. 1. Locallties of the samples collected for ESR dating as shawn by solid circles, Isopachs of Bl Cajete pumice falt deposit are shown In

All of the’ youngcst rhyolites contain quantz as a

1986). Because ESR dating was used successfully to -

59 ka) and younger thnnipreviously thought using fis-
sion-track and **Ar-*Ar methods (Seif et al., 1991),

2. Geologic buckground

The eruptive history of the Jemez voleunic field has
been the subject of many investigations but the Valles
caldern has been a focus of particular interest (Bailey

ct al., 1969; Smith et al., 1970; Gardner ct al,, 1986;
Selfetal,, 1991). The Valles caldern is a 22-km-diam-

cter collapse depression that formed at 1,14 Ma during
cruption of the Tshirege Member of the Bandelicr Tuff

{Smith and Bailey, 1968; Spell etal,, 1990). Soonafier

caldern formation, a central resurgent (structural)
dome grew in the approximate center of the caldera, A
sequence of no less than 14 rhyolite domes, flows, and
pyroclastic deposits was erupted from about 1.05 to
0.13 (7) Ma in the caldern moat surrounding the resur-
gent dome (Doell et al., 1968; Gardner et al., 1986).
Some of the mont rhyolites are buried by moat sedi-
mentary rocks and younger moot eruptions (Goff etal.,
1986). Hydrothermal activity is pervasive in the south-
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Original VC.| Revised Revised Proposcd
Stratigraphy Steatigraphy Stratigraphy #1 Stratigraphy #2 Stratigraphy
(Baliey et al,, 1969)  (Golf & Gardner, 1987) (Seif et al,, 1988) (Self et al,, 1991) (This report)-
' " Banco Bonito M. | o ' Banco Bonito M. .
Banco Bonito M, (130 ka) : Banco Bonito M, : (170-240 ka) Banco Bonito M.
' N ! ew - e ey
El Cajete M. + Bamteship Rock M. ¢ |~ "~ : Baitleship Rock M.
(42 ka) ' y1 V! Rhyolie ' pr e
‘ 1 0!
El Cajete M. ! !
uawp Rock ‘M. Banledgg Rock M, : -ewo -J:‘f. - - : : Battleship Rock M. : El Cajete M.
(278 ka) E) Cajete Serles : : (50-73 ka)
(130-170 ka) + ElCajetaM,
VC-16§hky.olit¢ lecaronemen VC-! Rhyolite
G&kn Relused () Series (365 ka)
(<200-360 ka)
VC-! Tuffs VC-1 Tulfs
Volcaniclastic - Voleaniclastic Volcaniclastic
Breccla Breccia Breccia
South Mountain Rhy.] | South Mountain Rhy. South Mountain Rhy.| | Sonth Mountain Rhy,
© (490 ka) (490 ka) (521 kn) (490-520 ka)

Fig. 2. Chart showing the evolution of stratigrophic interpretations for geologic units In the southem moat zone of Valles calder, New Mexico,
The VC-t cores contain tephm units whose age and correlation with surface exposures are not resolved. The ESR dates indicate that the
Bauleship Rock and Bt Cajete iMembers are approximaiely the same age as indicated by Self et af, (1988) but are considerably younger than
proposed by Sell et al, (1991). The strutigmphy proposed in this repont retains most of the concepts developed by Bailey et al, (1969), Goff

and Gardner (1987), and Selfet al, (1988),

western sector of the caldera (Goff et al,, 1992) and
has been continuously active for the lust | million years
(Goff und Shevenell, 1987). In their eurly K-Ar study
of the Vulles caldern, Doell et al. (1968) noted thut
hydrotherma! alieration was o possible influence on
some of their (inconsistent!) results. Although most
outcrops and- cores' of the youngest rhyolites do not
appear to be hydrothermally altered, the initial ESR
study of the Valles Rhyolite by Ogoh et al, (1993)
suggested thut modest tempernture anomalies (about
70°C) have occurredat very shallow levelsin the south-
em caldera moat in the recent past.

The original stratigruphy of the three youngest units
of the Valles Rhyolite was defined by Bailey et al.
(1969) us (top to bottom) Banco Bonito Member
(black, glassy, porphyritic obsidian), El Cajetc Mem-
ber (white to very pale orange, pyroclastic fall, flow,

and surge deposits), and Battleship Rock Member -

(grey to tan, lithic-rich ignimbrite) . The original strat-
igraphic definitions changed dramatically after 1986
due to numerous reinterpretations of field relations, the

impact of discoveries in corchole VC-1, and the acqui-
sition of various dates (Fig. 2).

VC-1, the first. corehole drilled in Valles caldern
under the U.S, Continental Scientific Drilling Program,
was sited in the southwestern moat zone of the caldera
and pravided 856 m of continuous core of intra-caldern
volcanic and sedimentary rocks (333 m) and pre-cal-

. dera Paleozoic and Precumbrian rocks (523 m) (Gofl'

ct al,, 1986; Goff and Gardner, 1987; Geissman, 1988;
Hulen and Miclson, 1988). A key observation regard-
ing the site of VC-} is that it is located in a sector of
the caldern moat where the ring-fracture system and
the pre-caldera Jemez fault zone intersect, As a result,

there has been considerable erosion and deposition of -

caldern-fill racks in this sector that was previously unre-
cognized (Goff et al,, 1986), About 300 m south of
VC-1,35 m of Banco Bonito obsidian directly averlies
the nonwelded top of the Battleship Rock ignimbrite.
However, in VC-1 the Banco Bonito is |49 m thick and
overlies 11.9 m of tephra deposits of debated origin
and stratigraphic assignment ( Goff and Gardner, 1987,
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Golf etal., 1989; Sclf et al., 1988, 1991), Much of this
tephra deposit resembles nonwelded Battleship Rock
ignimbrite. No fall, flow, and surge deposits similar to
the El Cajete Member occur in this horizon.

One of the significant finds in VC-1 was discovery
of another black, glassy, porphyritic obsidian flow
(VC-t Rhyolite) having u thickness of 20.0 m und
underlying a poorly-developed soil ncar the base of the
(debated) tephra deposits, The VC-1 Rhyolite has no
known surfnce exposure in the caldern; thus it is impos-
sible to relate its stratigraphic position to other young
thyoliles exceptin VC-1. VC-1 obsidian breccia clearly
overlics a well-developed soil that formed at the top of
a sequence of three pyroclastic low deposits (VC-1
Tuffs). The VC-1 Tufls averlic another well-devel-
oped soil at the top of n volcaniclastic sequence which
includes flow-breecin of South Mountain Rhyolite ut
the base. The contact of caldera-fill rocks with under-
lying Permiun Abo Formation occurs at 333 m depth.

Tephra deposits in VC-1 are not distinct enough to
make positive correlations with surface outcrops. The
youngest rhyolites including VC-1 Rhyolite and VC-1
Tuffs have surprisingly similar petrography and major/
truce clement chemistry (Gordner et al., 1986), All of
the youngest rhyolites include xenocrystic material that
produces spurious K-Ar und **Ar-“Ardates (Spell and
Harrison, 1993). As a result of these uncertainties and
different interpretations, the stratigraphy has evolved
us shown'in Fig. 2 but no interpretation is accepted by
all geologists who work in the calder.

3. Previous age determinations of the youngest
rhyolites s

The youngest post-caldera rhyolites are located in
the southern moat zone of Valles caldera and consist
of domes, flows, and pyroclastic deposits <0.5 Ma
(Doell et al., 1968; Bailey et al., 1969; Gardner ct al.,
1986; Geissman, 1988; Goff et al,, 1989; Spell and
Hurrison, 1993). The ages of these youngest rhyolites
have been previously investigated by 'C, fission-track,
K-Ar, ®Ar-“Ar, U-Th disequilibrium, and ESR meth-
ods (above references; Marvin and Dobson, 1979;
Miyaji et al., 198S; Self et al., 1988, 1991; Ogoh et al,,
1993) but none of these methods yicld consistent nor
geologically reasonable results,

Docli et al, (1968) reported u K-Arage of 490 £ iS5
ka for South Mountain Rhyolite but did not report any
uges for the overlying youngest rhyolites, presumably

because they were too young for K-Ar dating, Goffand
Gardner (1987) obtained a K-Ar nge of 6004 100 ka-

on South Mountain Rhyolite breccia from the botiom
of the moat volcanic section of VC-1 (Fig, 2). A more
recent K-Ar date of 507 £ 15 ka has been determined
by Spell and Kyle (1989) and successive ¥Ar-4
ages of 517+ 14 and 521 £4 ka have been listed by
Spell et al, (1990) and Spell and Harrison (1993),
respectively, The consistent ages reported for this dis.
tinctive unit are important because the youngest rhyu-
lites overlie South Mountain Rhyalite in severnl key
outcrops in the caldera moat (Smith et al,, 1970; Self
etal,, 1988; Goff et al., 1989).

The VC-1 Rhyolite has a K-Ar date of 365 £61 ka
(Gardner et al., 1986) and **Ar-*°Ar dates of 518 to
631 ko (n =S, Spell and Harrison, 1993). The range of
WAr-*Ar ages suggests that xenocrystic material is
present in this unit. The Battleship Rock Member has
a K-Ar date of 27842 ka (Coff et al., 1989), bw
fission-track ages of 180470 to 13070 are also
reported for this unit (Miyaji et al., 1985).

Bailey ctal, (1969) found a carbonized log in a fresh
rondeut through pumice of the E! Cajete Member along
state highway 4 but the **C oge was >42 kn. More
recently, S. Rencau and J.N. Gurdner (unpubl, data,
1992) huve dated additional logs found in a pumice
mine 200 m north of highway 4 and obtained ages of
> 50 ka. Miyaji et al. (1985) obtained a fission-track
age of 17070 ka. Self et al. (1988) incorrectly
reported a U-Th disequilibrium date of about 150 40
ka. Self et al. (1991) and Spell and Harrision (1993)
report Ar-%Ar uges of 519 10 923 ka (n = 4) indicat-
ing that xenocrystic material is also present in this unit.

Marvin and Dobson (1979) obtained a fission-track
age of 130+ 100 ka for obsidian of the Banco Bonito
Member, undisputably the youngest of all post-Valles
caldern cruptions. Miyaji et ul. (1985) reported another
fission-track age of 140 £ 50 ku. Seif et al, {1991) and
Spell and Harrison (1993) list nine YAr-*"Ar dates
ranging from 205 to 1300 ku. This latter age range is
perhaps the best evidence for xenocrystic material
being present in this unit (as well as other youngest
thyolites) and the problem is discussed by Spell and
Harrison (1993).
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‘id not report any. "
“ites, presumably
“dating. Goffand " -

-from the bouom
*Fig.2). Amore ' Member, the Upper VC-1 Tuff, und Middie VC-1 “ulf

~dates of 518 to", -

eage of 490 & 15 In a previous ESR dating study (Ogoh et ul,, 1993),
| quantz separates obtained from outcrops of the Banco
Bonito, El Cajete, and Buttleship Rock Members within
the southern moat of the coldern yielded ages <45 k1,
Quartz sepurates were ulso obtained from pumice of

the VC-1 core in units identificd as the Battleship Rrck

of600:t100kn

peen determined -

. (Goff and Gardner, 1987; Geissman, 1988). How-ver,
zssive PArYCAr:

. it was found that successively decper units in VIC-)

e been listed by *. yiclded successively younger nges (as young as 19 ka);
‘arrison (1993), thus it wus suspecied that thermal unnculing from pust
irted for this dis..  ond/or present hydrothermal activity was cuusing the

s youngcsl rhyo- ESR ages to be too young. For these reasons, we col-
¢ in severul key - lected ndditional samples of El Cujete pumice form
stal., 1970; scxr locations outside the culderu to eliminate effects of

, hydtothcrmnl ufleration and thermal unnealing und to

pcrform heating cxperiments of Al and Ti impurity
centers.

cof 36561 ka

'3). The rangeaf !
$1 +
g:th'::;:r ;ul:: 14. Electron spin resonance duting
)
;327:)92:"3:;7 ' ESR (.clcctmn spin resonance) detects unpaired
185). ' clf:ctrons in samples. Unpaired electrons are created in
udlogmafresh minerals by muu'rul l:udiqlion und are trapped ut some
16 Memberalong’ Adefect and impurity sites in the crystal structure (Ikeya,
. >42 ka. Moo . 1993): (or cxample, an Al stom replucing Si traps un
£ (unpubl. dam. “telectronic hole to form an {\l center (Griffith et al.,
nd In-a pumic e -11954), nqd u Ti atom replucing Si trups an electron to
obtained ages of . {form u"l‘t center (}Vrighl ct al,, 1963) in quurtz, An
o 8 fssion-track ESR signal intensily corresponds to the amount of
188). incorrectly unpaired electrons which have been accumulated in the
£ about 15040 . mineral since it was crystallized, The qntural radiation
tarrisi 6(1993) dose rate produced by U, Th, and their daughter cle.
sio di ments, and K is calculated by using the concentrations
 (n=4) indicat-, : 1of these elements or measured by thermoluminescence
esentin this unit.; "dosimeters, "The uge is obtained by dividing the total
+da fission- "“‘* Jccumuluted dose (or equivalent dose, Dy) determined
ae Banco Bonito by ESR measurements by the annual dose (D) from
of all post-Valles o) rudiation,
‘reported another I The ESR method hns been previously applied to
na al. ( 1991) a0 “ldetermine the age of many minerals and deposits, such
<PAT dates -lag qlacites of calcite (e.g. lkeyn, 1975), cornls of
ﬁlﬂ age range 8. lrygonite (e.g., [kedu et ul., 1991), tooth enamel af
crystic material | hydroxyapatite (¢.g. Geln und Invernati, 1985), and
 other- youngest: kielts of calcite and of aragonite (lkeya and Ohmura,
wd by Spell and og|) us well as quartz and plagioclase in volcanic
"~ frocks and ashes (Imai et al.,, 1985; Shimokawa and

S. Toyodu et al. / Journat of Voleanalugy and Genthermal Research 67 {1995) 2910
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imai, 1987). The thermal stability of the defects limits
the age range o be dated up 1o ahout 2 Ma (e.g.,
Shimokawa and Imai, 1987), The younger age limit
depends on the sensitivity of the ESR spectrometer,
being around severa! thousund years for recent com-
mercinl ones (lkeys, 1988).

The signals of Al centers in quartz were used to
obtain ESR ages of volcunic tephrus in the first study
(Imai ct al., 1985). The signals of Ti centers in quartz
were nlso uscd in subsequent studies (Imui and Shi-
mokawu, 1988). Same fundamental results on thermal
stabilities of parnmagnetic defects and impurity centers
were reported by Toyoda and tkeya (1991), However,
characteristics of all the centers, such us thermal sta-
bilitles, response for irradintion, and reaction between
the centers, have not been well established yet

5. Sumple sites and sample preparation

We collected 2 kg of pumice from the type locality
of the Battleship Rock Member (BSR04) und 2 kg of
rock from the casternmost rondeut of South Mountain
Rhyolite exposed nfong highway 4 (SMRO1) as shown
in Fig. |, We also collected 2 kg of pumice from five
localities (ECO02, ECOS, EC06, EC07, and ECO8) of
Et Cajete Member, These [ocations were chosen (o be
both Inside and outside the caldera to climinute any bins
due to post-caldern hydrothermal alterntion (Smith et
al., 1970; Goff ct ul,, 1989), Original pumice and rhy.
olite were crushed in a mortar und were sieved, Porous
gruins larger thun | mm size were removed by using o
heavy liquid (sodium polytungstate solutivn). A port-
able magnetic separator removed the grains contuining
magnetic minerals, Quartz grains of | (o 2 mm were
hundpicked. Finally, the extructed gruins were etched
in 20% hydrofluoric ucid for 2,5 hours to remove
defects near the surfuce coused by alpha emitters in the
originul rock matrix, Six to eight uliquots of 90 ta 120
mg lrom each sample were prepared ofter the grains
were crushed 10 75 10 250 um.

6. Experimental procedure for ESR dating

ESR signuls from Al and Ti centers were observed
with n commercinl X-bund ESR spectrometer (JEQL
RE-IX) ut liquid nitragen temperature (77K) with o

~NUie DO
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and wuh a m:crowavc power of 5 mW (Fig. 3). These

_ signals, were caused by: Al centers, [AlO,])° (Mc-
. Morris 1971), and by lithium compensated Ti centers,’
P [T'O.IU"]“(Toyodn 1992).

‘A ®Co source was used to irradiate samples at a dose

rate. of 34 Gy/h Sngnnl growth was fitted to o siraight -

line or. to a’saluration- curve oblained by the least
squarcs .method “using a: fortran program package
named.SALS (Nnkngnwu and Oyanagi, 1982). Total

accumulated doses. (Dg) were determined by extrap--

olating the growth line/curve to the zero ordinate. The

_error in"Dg was estimated by considering the errors of.

the. pmmctas of the line/curve and the correlation
bctwecn thcm.

Table 1

dose raies for the present samples -

$. Tuynda et al. / Juurnal of Volcanology and Geothermal Research 67 (1995) 29040

[rioJLEpP -

&= 1913

Annual dosc (D) was calculated for cach samplc '
using the concentrations of K,0, U, and Th (Table | ).

that were determined by instrumental neutron activa-
tion analysis of the whole rock rhyolnc from which the

B quartz was separated (J.N. Gardner, unpubl. datn). The

decrement of B ray dose was considered for the diam-
eter of quartz grains of 1.5 mm to be 46% for 2Th
chain, 50% for ®*U chain, and 52% for “K using fig.

- A-2in Griin (1989) (original data by Mejdahl, 1979).

The error in the annual dose is estimated to be 6% by.
considering the.errors. in the concentrations of K, U,

and Th. Cosmic dose rate was estimated to be 030
mGy!/y for four samples of El Cajete:-pumice (ECOS, .
ECO06, EC07, and ECO8), which have been in outerop, -
and to be 0.21 mGy/y for other snmplcs which have -

’ Concentmlons of mdloac(lve elements obtained by ucutm activation analysis (J.N Gardner, unpubllshed duu). wermmcnt. and cnlculucd‘

s‘mphl.. 7:' . ».

"U(ppm)  Thippm) . K,O(%)  Wamrconment  Cosmidosermie (mGyly) D (mGyly) -
© South Mountain Riyolie - 8.2 299 67 1.8 021 ' TS0
El Cajete Pumice (ECO2) - . 54" 197 %] 36 021 3.87
B! Cajeto Pumico (Others) - 5.4 19.7 22 36 030 . 3.96
BantleshipRock ..*: . 8.4 . 19.1 4.00 8 021 3n

AN

|

Flg. 3 ESR ugm!s obluved at l:quld nitrogen temperature (77K) in quartz extracted from SMR0!, ESR signals due to two impurity centers '
are cbserved; Al center, | A10,]°, where an Al aioni replacing Si atom traps an clectronic hole, nnd Ti center with Li*, lTIO.ILI’ 1°, where n' '

SMRO1™

-—lb
° o

* ESR Intensity for SMR (arb. units)

: Fig. 4
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been buried (SMRO1, ECO2, BSRO4) using fig. A-4 in
Griin (1989)" (onginul duta by Altken, 1985 and by
Prescoit ‘and Stephan, 1982) where the elevation is

2 12000 m, ‘,”Rn and 2R n loss were assumed 1o be 50%.

Radioactive” dascqunlibnum between U und *'Th

“y was ncglcc!ed

S. Tuyidu 1 al, 4 Juurnul of Volconolngy und Geothermal Research 67 (1995) 2940

7. Results and dlscusslon

7.1 ESR ages wuh no hea: treatment

Signal enhancements of’ Al and Ti centers by urtifi- .

cial yray irradintion are shown in Fig, Su~c where total
Table2 ' .
"+ Tha resulta of BSR dadnu using the signals of Al and Ti centers and stable component of Ti centers for Valles Rhyoliie
before heating after heating -
A Al center Ti center Tt center
Dy (OY) : Age (ka) Dy (Gy) Age (ka) Dy (Qy) Agie (ko)
SMROY 1700 +300 30 +60 200 +200 M0 +50 n "
o =200 -50 -170 ~40

2037 +%8 2 +18 kk 1] +17 #7 +7 WS 443 7+
o . =47 -1} -6 -27 -7
BCoS & SRR Y} 9  +10 09 +M M +10 191 +23 49 +6
: PRAR b I8 -9 -32 -9 ~-16 -4
BC06 1163 +18 41 +5 290 +18 n +6 21 +34 53 +9
N -17 -4 -6
BCO? 0. +41 58 +11 25K +20 05 +6 178 +23 - 45 +6
L =36 -10 -19 ’ -17 -4
BCos 181 +_-24 46 +7 297 +8 75 +5 28 +26 57 +6
R - -6 -1 -18 -5
BSRP 127 ‘411 M +4 170 +6 48 +3 220 +24 59 +h
o =10 -1 =19 . -3

YDy and nzewetu not obmlned because the stuble component was not enhunced by vy ray irradiation, lis mmimum age would be 440 ka, which -

s obtained (wm T oeulen with no heat treatment.

200
Temperatura ()

Flg. 4, The chu\ze ln signat Inlemluu of Al and Ti ocnlcrx on
stepwise heating of SMRO1 and of ECO2. Roth intensities decreased
around 200°C. However, the Intensity of Ti centers shows a second

sep. above 250°C indicating that Ti centers have two components; -

thermally uablc om md less stable (temperature sensitive) one,

accumulated doses (Dg) were determined. Table 2 2

summarizes- the results of ESR dating, The ages
obtained by Al centers are systematically younger than
the .ones by Ti centers. Such- systematic differences.

between ESR ages were also observed by Shimokawa
and Imai (1985). No eifect of hydrothermal activity .
was observed because there is no systematic change in-

the ESR ages due to the snmpling loealities of El Cajete
pumice (see Fig. 1), -

7.2, Thermal stabili!ié.\; of Aland Ti centers

Two aliquots of quartz grains from SMRO! and

ECO2 were isochronally heated between 100 and 400°C-

with a duration of 15 minutes (o examine thermal sta-
bility of the paramagnetic centers (Fig..4). The signal
intensities of Al and 'Ti ccnlcrs were measured nftcr
cach temperature slcp

Bothsignal intensitiesof Al und Ticentersin SMRO1

decreased on heating around 200°C (Fig.4). The figure
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also shows that the decrements of the signal intensities
of Ti centers are less around 250°C than those below
200°C muking a clear second step, This behavior indi-
cates thut Tt centers have two components; & less stohle
(temperature sensitive) one and a stable one, The same
tendency was observed for Ti centers in EC02 where
the amount of decrement in the first step is small,

The coefficients of the signal decrense in the tem.
perature steps were calculated and plotted on an Arrhe-
nius diagrum for Al centers und for Ti centers of both
less stable and stable components assuming sccond
order decay kinetics (Toyoda and Ikeya, 1991). The
patential-signal decrement in the geologie time scule
was estimated by extrapoluting the correlution Lo the
ambient temperature of the samples. Considering the
error in the extrupolation, it is possible that the signa)
intensities of Al center and of less stuble component of
Ti center may have been decreascd considerably, while
no decrease must have occurred for siable component
of Ti centers.

If part of both Al and less stuble Ti centers have
decreased while the sumples hud been buried, the ESR
uge obtained for Al center would be less thun the one
for Ti centers becuuse Ti centers have a stble com-
ponent which has never been affected. The systematic
age difference observed between Al center und Ti cen-
ters might indlcute such decrement of the centers,

The decay on heating of less stable component of Ti
center uppears 10 be correluted with the decuy of Al
centeras shown in Fig, 4, [Lmay indicote that electronic
holes trupped at Al centers are releused on heating 10
recombine with electrons trapped ut Ti centers, The
stable component of Ti center decays ot higher tem-
perature when electronic holes are unstabilized and
released from some other centers, In other words, nat-
ural and actificial radintion may create two types of
electron-hole puirs, One is Ti center (clectron) und Al
center (hole) and the other is Ti center (clectron) and
unkaown hole center. The former pair is thermally less
stable than the latter,

Using this logic, thermal stabilities of paramugnetic
centers depend not only on their own charucteristics
but aiso on that of other centers with which electrons/
holes at the centers recombine. §t implies that thermal
stabilities of parsmognetic centers in quartz are differ-
ent for individual samples, For example, a part of Ti
center {s more stable than Al centers in the present

sample, while the opposite stabilities were observed in

a case of granite { Toyoda and [keyn, 19919,
7.3. ESR dating with stable component of 1i centers

The above experimental results and discussions indi-
cate that only the stuble component of Ti centers would
be useful for ESR dating of the quanz in Valles Rhy-
olite. The experimental procedures for ESR dating were
repeated {or all samples after they were heated at 260°C
10 extract the stable component. The signals of the Al
centerdisappeured on heating for al) samples, The ESR
intensities of Ti centers are plotted as a function of
artificial y ray dose (Fig. Su-c), Obtained Dg's and
ages are shown in Table 2,

The intensity of Ti centers in SMRO! shows no
enhancement ufier heating (Fig. Sa) resultingin no D,
and age obtained. This would be beeause the intensity
of stable Ti centers is suturated in this dose runge.
Indeed, ufter SMRO! was heated at 420°C for 15
minutes to anneul all ESR signuls, the stable component
wus regenerated by y ry irradiution bellow 1 kGy hut
was saturated abave | kQy, Part of Al and Ti centers
in this sumple may have decreased while the sample
had been buried, s implied by the difference between
nges for Al and Ti centers before henting, Although the
amount of decay in the pust cannot be estimated, the
minimum estimated age would be 440 ka for SMRO!
by Dy obtained far Ti center before heating, 17 there
had been no decay for Ti centers in the pout, the
observed intensity should have been larger, therefore,
we should have obtained larger volue of Dy,

The intensity of the stable component of Ti centers
was enhanced by ¥ ray irmndintion (Fig. Sb, ¢) for
BSRO4 and EC samples, resulting in Dg's and uges as
shown in Table 2, The stable component would have
never been uffected by ambient temperature even in the
hottest days in summer. The age of BSR04 using the
stable component is older thun the one obtained by
using total nmouni of Ti centers. 1t is because the less
stable component, part of which may have decreused
while the sample hud been buried, was removed by
heating the samples, On the other hand, the ages of EC
samples obluined afier heating are younger than the
anes before heuting. The following experiment wis
made to check the thermal behavior of Ti centers, After

un uliquot of EC02 was heated ut 420°C for |5 minutes”

to anncal all ESR signals, the sample was jrrudiuted by

PO
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onent of 'ﬁ w“mm in SMROY. (b) in BSRO4, and {c) In ECO8, The regression line and saturation curves are obtained by the Jeast square ﬂning Toto}
a (ﬁg, -5b, c)- fOrkcummiated am (Ds) aro obtainod by extrapolating the ine/ curve to the 2eo ordinate,
nDy'sand agesas; .
‘sonent, would havey ray at 200 Gy The. sagnal intensities of Ti centers
theere ‘measured: both :before and 'after re-heating at
C for 15 minutes. The intensity after heating was
ied by Kghtly- largcr than before heating. This experimental
1esShult indicates” that ‘an "unknown electronic process
fers electrons from some unstable states on heating
Ti replacing Si to form Ti centers. If it is true, such
ess may have occurred in the quartz in E! Cajete
ice while it had becn buried, resulting in overesti-
on of Dn by the conventional method. Heat treat-
tafter y yny ‘irradiation prior to ESR measurement,
toposed in this paper, can'simulate this electronic
sas wc!l as rcmovc the less stable component.

- 8, Geologic implicatinns

The work of Ogoh et al, (1993) has shown that some
ESR signals are thermally ‘unstable; thus great care
must be take to insure that sumples used for ESR studies
have not been subjected to thermal or hydrothermal
stress, Temperatures as low as 60°C for 10 ka could
effect ESR dates on quartz as much as 30%, as implied

- by the present study.

_By ‘evaluation of the thermal effects on quartz sep-
arates, we have deternnined ESR ages of 4510 73 ka
for the El Cajete Member and 59 + 6 ka for the Battle-
ship Rock Member of the Valles Rhyolite. Considering




k)

Reneau-and Gurdner's 'C age of > 50 ka (unpubl,
duta), the cruption-age of El Cujete Member would be
50 to 73-ka (Fig. 2). The weighted averuge of the five
El Cajete samples yields an age of 5346 ka where
ISOPLOT program of K.R, Ludwig is used (D.A. Saw-
yer, 1994, personal communication). These ages are
considerubly younger than most of the other age deter-
minations made on this unit. By comparison, the ESR

age of the South Mountain Rhyolite is >440 ka (TP’

center before heating) which is reasonably close to the
presently accepted age of 520 ka (Spell und Harrison,
1993).

Becuuse of the Banco Banito Member undiputably
overlies the El Cajete Member, the Banco Bonito absid-
iun flow is <73 ka, It is worth noting thut this obsidian
flow has a very youthful appearing upper surface with
well-defined pressure ridges up to 20 m deep. The BSR
uges ure consistent with the present state of preservation
(Fink und Manley, 1987). If the ages ure correct, it is
very apparent that the recent *YAr-*"Ar uges of both the
El Cajete and Banco Bonito Members presented by Self
ctal, (1991) ure too old and that their recent revisions
to the post+0.5 Ma units of the culdera ure ugain in error,
These older ages arc so variable that they must be
caused: by ubundant xenocrysts in the units derived
from older rocks beneath the culders (Spell and Har-
rison, 1993).

Additionul efforts are still needed to clurify the ESR
nges by determination of the rudon loss rute as well as
by revealing the characteristics of Al und T centers in
quartzduring heating and irradiation, Radon loss of 0%
or 100% yields ubout 30% younger or older ages,
respectively,

9, Conclusions

Quartz phenocrysts in Quaternary tephras and pos-
sibly other types of volcanic deposits cun be used to
obtain ESR dates. Sumpling sites must be evaluated to
climinate effects of thermal and hydrothermul stress.
Ti centers in quartz have a thermally less suble com-
ponent and a stable component for at least three mem-
bers of the Valles Rhyolite, The ESR signul of the stuble
component of Ti centers yields un age of §346 ko for
the El Cujete Member (Its '*C age indicates <50 ka.)
und an age of 59 6 ka for the Battleship Rock Mem-
ber. If these dates are correct, then the E! Cajete and

PRA
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Battleship Rock Meinbersare closely associated in time

with the overlying Banco Banito Member us originally

propased by Builey etal, ( 1969) and Self et al, (1988).
In addition, the Battleship Rock ignimbrite is younger
and distinct from the VC-1 Tuffs ns proposed by Goff
and Gardner (1987) and the E! Cajete and Banco
Bonito Members are both younger than indicated by
the most recent revisions of Self et al, (1991), although
some obscrvations in the tephra deposits remain to he
clarified,

The age of most recent volcanism in the Jemez
Mountains is probably much younger than previously
thouglit. If so, our results have implicutions for the
evolution of post-Valles calders mugmas, for the geo-
morphic cvolution of the calders mout zone, and for
the uge of faulting in this tectonically uctive region.
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