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40 Ar/39 Ar age constraints for the Jaramillo Normal Subchron 
and the Matuyama-Brunhes geomagnetic boundary 

Glen A. lzett and John D. Obradovich 
1· S. Geological Survey, Denver. Colollldo 

Abstract. Our mid-Pleistocene 40 Ar/39 Ar age recalibration of the geomagnetic polarity 
timescale is nearly in accord with the oxygen isotope, climate record calibration of the 
astronomical timescale proposed by Johnson (1982) and Shackleton ct al. (1990). 40 Ar/ 
39 Ar ages of a normally magnetized rhyolite dome in the Valles caldera, northern 
Mexico, yielded a weighted-mean age of 1.004 =- 0.019 Ma. A K-Ar age of 0.909 = 
0.019 J.ia for this rock by Doell and Dalrymple (1966) was the linchpin for the 
rccog~ition and calibration of the Jaramillo Normal Subchron (JNS). Other 40 Ar/39 Ar 
.. •.es from the Va11es caldera and 40 Arf39 Ar ages of lvorv Coast tektites indicate that 
the JNS began it about 1.11 Ma and ended before 0.92 Ma. probably near 0.97 Ma. 
The Matuyama-Brunhes boundary occurred between 0.79 Ma and 0.76 Ma on the basis 
of 40 Ar/39 Ar sanidine ages from (I) three reversely magnetized rhyolite domes of the 
Valles caldera (0.793 =:: 0.018 Ma, 0.794 :t 0.007 Ma, and 0.812 =:: 0.023 Ma) and 
pumice (0.789 ± 0.006 Ma) from the reversely magnetized Oldest Toba Tuff of Sumatra 
and (2} l>umice (0.764 :t 0.005 Ma and 0.757 :t 0.009 Ma) from the lower and upper 
units of the normally magnetized Bishop Tuff. The age of the boundary may be close to 
~).77 Ma as deduced from rates of sedimentation in ancient Lake Bonneville, Utah. 

Introduction 

More than three decades ago, Earth scientists hccarnc 
increasingly aware that the polarity of Earth's magnetic field 
has changed repeatedly through geologic time. and isotopic 
dating of these polarity reversals resulted in a geomagnetic 
polarity time scale (GPTS) for the late Cenozoic. This 
combined paleomagnetic and isotopic research played a 
pivotal role in confirming plate tectonic theory (Glen. 19821. 
which revolutionized the Earth sciences. Continual refinement 
of isotopic ages. which define the GPTS. has increased the 
usefulness of geomagnetic polarity reversals as marker hori
zons in many types of geologic studies. We present ~ Ar/w Ar 
data and ages for some key volcanic units that suppon changes 
in the isotopic age chronology of the GPTS using volcanic 
rocks erupted ncar the time of the geologically youngest two 
geomagnetic polarity reversals (Figure I). 

The older of the two reversals, originally called by Doell 
and Dalrymple [19661 the "Jaramillo event," is now named 
the "Jaramillo Normal Subchron" {JNS). ft i!'. recorded in 
middle Pleistocene rocks as a brief episode of normal polar
ity within the late Matuyama Chron. The younger of the two, 
called the "Matuyama-Brunhes boundary" (MBB), is regis
tered in middle Pleistocene rocks worldwide and consists of 
a change from reverse (Matuyama Chron) to normal (Brun
hes Chron) magnetic polarity. 

To calibrate the JNS and MBB. as well as other magnetic 
polarity events. geochronologists have used the K-Ar method 
to obtain ages mainly for basalt lava fiows but also for sanidine 
and obsidian of silicic volcanic rocks suspected to have been 
erupted just before and after these two magnetic polarity 
events. Sanidine is nearty an ideal K-Ar geochronometer, 
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much bcller than the more widely available basalt lavas. Wh _.) 
rock K-Ar ages of basalts generally have larger analytical 
errors than sanidine K-Ar ages because of their higher air
argon contents (Manl..im•n and Dalrymple. 1979, Table 3aj. 

The introduction of ultralow-background. ultrasensitive 
rare gas mass spectrometers coupled with the development 
of the 40 Ar/w Ar method (see reviews by Dalrympl~ and 
Lanphere (1971 I and McDougall and Harrison (1988}) pro
vided new resolving power for geochronologic studies. The 
subsequent utilization of a continuous argon ion laser fusion 
~Ar/39Ar system {York eta/., 1981} allowed the dating of 
minute amount~ (-I mg) of potassium-rich geologic materi
als with unprecedented precision, approaching 0.2%. 

The 411 Art"' Ar method has several advantages over the 
K-Ar method; of paramount imponance is that only r.ttios of 
argon isotopes are required to calculate an age rather than 
absolute amounts. Thus it is not necessary to extract all 
radiogenic argon from a mineral to calculate an accurate age. 
This advantage mitigates a technical problem inherent in the 
K-Ar technique of dating sanidine: K-Ar ages of this mineral 
have a tendency to he anomalously young, because the melt 
commonly forms a viscous mass that retains some radio
genic argon under ultrahigh vacuum. Even at the highest 
temperature<; attainable ( 1800"C) in standard RF-induction 
heaters and resistance furnaces, generally 5-10% argon can 
remain trapped in some viscous sanidine melts (for example 
see McDowt'/1 (1983)). To avoid this problem. we use<! 
~ Ar/ 3"~ Ar analytical system (Dalrymple. 1989) to determ1 
the age of certain sanidine-bearing volcanic rocks and obsid
ian emplaced near the JNS and MBB. 

History of Dating the JNS and MBB 
Geologic mapping in the Jemez Mountains. nonhem Mex· 
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resultS suggested the MBft was otder than ~.9 Ma. Dalrynr
p/e et 01. [1965}, however, suspected that the K-Ar ~of 
the Bishop were too old because the dated sanidine .concen
trates contained xenocrystic Sierran-age K..feldspar inc;o,;po
ra\00 from coontcy rock during emplacement of the Bishop 
we!dep tuff {see Glen, 1982, p. 250}. To cimamvent this 
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_ ,:T"J:,~ 1. · History of Isotopic Dating of Key Rock Units in the Jemez Mountains, New Mexico, Bearing on 
·-,:).~e ~ ofthe )~Uo Subchron Using the K-Ar and 40 ArtY! Ar Methods 

. ' ··. . 
· _ ·: ·- This paper . 

-• .,~ ... ,<'\ .. ,,.,_..,.- -(,:;Jze(r·.(lnd Obro4ovit;lf;{l992i$l · 
· <'::· :sP.t-ll iiM McD{,u~ll.i rw21 

. ' <Jr.,e.tl and Obradov'ifh lf992dl 
.· _. -- o_Mankinen mui Dafi"ympk {1979] 

•. . . - . .. ' ~ .. 
-., 

Post-Jaramillo 
Rocks Reversely 

Magnetized, Cerro 
Santa Ros~ I 

Jaramillo Age Rocks 
Normally Magnetized, 
Cerro del Abrigo Ill 

P"-1977 Decav Constam.~ 
0.9-16-(e-.9-29} . L004(1.019) 
0.916 ({}.929) 1.004 { 1.019) 

(0.915) (0.973) 
0.92 (0.93) 1.00 (1.014) 
0.91 CK-Ar) 0.909 CK-Ar) 

Decay Constafll Change /Steiger and Jiiger. 19771 
0.907 {K-Ar) 0.909 CK-Ar) 

Pre-Jaramillo Rocks 
Reversely Magnetized, 

Cero del Medio II 

t.l61 (1.178) 
1.161 (1.178) 

(1. 13) 
1.16 ( 1.18) 
I .17 (K,-Ar) 

1.17 (K-Ar) 

:·.{; ':~AJ'/39:Ar -ages based ·on ·ftuence-monitor minerals calibrated against MMhb-1 (513. 9 Ma); 40 Ar/l'J Ar ages in parentheses 
.. ·· ·:· .... · ·• ::~b;Jsed on ~en<:~itQr minerals calibrated against MMbb-J (-520-.4 M-a~. Ages in millions of years. «t Ar/Yt Ar ages except 

'"'"""'m", .. ,. : , , -'~tl! otherwise'iitdibJe~. 

'' 

:~.;:'~~ lllSpc#ior(~f;lh~~iUdme coqc.Cntrates dated by Dod/ c-t r--.mged in a vertical slack in a l~mrn diameter quam: tube. 
~-_-'<_{~~.·~~ .. ~:(1~. :l l~~h~~:_ ... :~sn'~~:b!:_.-. _or __ e~~---llentquaJ_ ity, ~venheiess, af\d#1ei1positions of the packets in the tube were measured. 

'.~ ... ~i".~--:"li:,~,~·~--~-'-··' :,::;~;;~\l~i;~~~:tt~:24% JtFfor 3 min. We used Th~ C!hi\~nee between adjacent packet centen; was about 0..5 
·_. ');:Ontf.·irl:!1terial:ifithe:~~tl)o..rnesn·$jze f.or dating. .mm. :-i.l~- the le~gths of 'the -irrudiation. packages were·:no 

---~ ... ,.,.- __ ·,··.~t~$:~-~2=:~~~·· ·3\t·~s~~:.:~:~~~;=~£ 
:.,~;lb_~elled·· panca~~t:~~~ were $8ndWiChed ~tween i~ials ww; irradiated in the core of the u.s. Geo!Qgteal 

· ,_,:.~~iriijlar packets ~~iarii&ine·.'lieutron fluence _monitors, -a:r- Sur~ey~$ TRIG A reactor where they received fast ne~tron 
'.,. . . .,. ·\.;;:.~··-:; . •.. . . .. .. . 

·. . -<~ ·:·:~ ~ / .. 
-~·-·;· .. ~ 

<!j~~ '2. Histotj::¢·Jsotopic Dating of Sanidine From l(ey. Vrikanic Rocks Bearing on the Age of lhe 
.::{;).{at~Yart.ta.;Bruribe~t~otllidary Using the K.;Ar and' 40 Art3-9 Ar-~ethods 

-"lrthir:nh [l977} .. · 
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Bishop Tuff 
Ciflfomia. 

Normal 

Prl'~I977De<"av Cmrsrmm 
0.16(1. 0.76-# -

0.76", .0.766 

0.78(1. 0.76b 
0.74°. 0.14" 
0. 74r, 0. 73d 
0.74 (K·Ar) 
0.73 (K·Ar' 

Rhyolite Domes 
Jemez 

Mountains 
Northern New 

Mexico. Reverse 

0.79 

0.79 
0.81 
0.75, 0.80 

0.74 (K-Ar) 

Decay Constant Clrangr- /Steiger and Jiiger, 1977} 
0.12n, 0.68"'. 0.73" (K-Ar) 
0.71 (K-Ar~ 

0.66 (K·Ar) . 
0.70 (K-Ar} 
0.9-·1.2 (K·Ar) 
0.87 (K-Ar) 

0.71, 0.84 (K-Ar) 

Matuyama
Brunhes 

Boundary 

0.77 
0.78 
0.77 
0.79 
0.75 

>0.14 
0.75 (K-Ar) 
0.73 (K~Ar) 

>0.71 <K-Ar) 
>0.70 (K-Ar) 
>0.66 (K-Ar) 
>0.68 (K-Ar) 
>0.9 (K-Ar) 
>0.9 (K-Ar) 

~-·'-~1\r't39h ages·ba~·oi\tl~ce•monitor minerals calibnned against MMhb-1 (513.9 Ma), except ages of Hur£ord and 
}iafnmel:schlftidt (:J98$f;, Which were based on Bem4M muscovite and ~m4B biotite. Ages in miUions of years. Ar/39 Ar 

.. ~s.4x~Pt Wbere;-otbefWi~1ndieated. 
~ •· "Lower part ()foBishQp Tuff. 
: ;~O,ppc:r .. pait of'&ish6P Tuff ... 

·· ·; ... t"rr---i~·• r .... _,_t_ ¥~ - • • •• • '· ' • • 
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.eoAr,a · Age~ 
% · Ma ·· 

76.5 
'90.4· 
71.4 
72.2 ' 
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69.() ' 0 
87.7 f• 

84.1 
·35.7 : 
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. -F~i~n 40A_rt39 Ar Data for-l~ory Coast Tektites 

""'Ar411 

37 Arfl't Ar 36 Ar/39 Ar Moles . «< Ar'/39 Ar J x lO - 4 -40 Ar-. % Age, Ma Error ± 1A 

. IVC-6-64. 0.3.236 0.00419 l.8-2E--14 1.2293 4.91 50.2 1.09 0.02. 
uvc~ o.lm o.00619 2.65£-15 us1s 4.91 39.5 t.o.s 0.12 
1VC..,6-64 0.2429 0.00432 1.53E-14 1.4506 4.91 53.5 1.28 0.03 
·JVC~ -o.2887 0.00841 l.l8E·_14 l.317S 4.74 34.8 1.13 0.03 

lVC:-6,.64 0.2803 0.00676 9.85E-15 1.26()9 4.91 39.0 U2 0.04 
·• 1VC~9--64 0.2473 0.00270 l.66E·l4 1.2686 4.91 61.9 1.12 0;02 -

Ivc.:9-64 o-.ms o.oto7s 2 . .58E-15 1.3320 4.9t 29.6 us o.t3 
IVC-9-64 0.2538 0.00831 9.16E-15 1.4586 4. 77 37.4 1.25 0.04 
lVC-9-64·: 0.2215 0.1)1688 t.18E-14 1.3893 4.91 21.8 1.24 0.04. 
IVb-,tBi-64' 0.22..~ 0.00491 2.85E-15 1.2177 4.91 46.1 1.09 0.11 · 
IVC-IB-64 0.1440 0.00665 2.96E-15 1.3956 4.91 41.6 1.23 0;12 .. 
IVC,.tB-.64 . Q.3416 0;0!684 1.99E-IS 1.3H6 4.91 20.9 1.16 0.17 

. IVC~tB~- .0.2822 0.00338 2.77E·l5 U84l 4.91 54.7 1.05 0.11 
·. rvC.;JB-64 .. · o.2S86 o.oo12o 2.77E-t5 t.2856 4.75 37.8 uo o.oo .... 

. _ Wei~ ,~can-· · · .·• . . u.s 0:05/ <'-: 
L<x:llitles~J.Y:C·9#~ Amor:oki: IVC-6-64, Prikro; lVC-IB-64, Anada-Kouadiokro from the collection of E.C.1)Chao/~" 

:u.s .. (t~I98ical :~urvey transferred to the U.S. Natioo~ Museum.; Ages calculated ·using Taylor Creek Rhyolite (21.9?: ~~):; 
~ as ftUenc:c. monic<*'-: Error of weighted-mean ages is at the 9.5% confidence level for the error of the mean. J, neutron-fttlence_ . 

paramerer. Read L82E·14 as L82 x w·· 14
• , . 

"Radio~nk~ · ·· - · 

'These ~-aJ.i~b:Qut t()% older than ""'Ar/39 Ar ag!=s mea
sured by S'P~f!jl'ii/.Jt.~) arid Spl'll and McDougoffH992J. 

· · Sp~l{,, iJ{Jt9!xJ/p; 1791 used an inhomos~m~ous ftuen~e
_manitor minenll (Bem4M muscovite) and an irradiation 

package geometry that resulted in a large uncertairtty for !_:< ;. 
According to Baksi {1987}, the a~e of the Bem4M ~\'f(({:: · 
standard- is uneertain by 3.5%. ' · 

The onset of the JNS -can· be ca1ibrated by using :isotopic' 

•' · .. -~·.· . . . .-·. -

.... :Table. 5. -·: :T~LF\ision 40 Ar/39 Ar Data for Sanidjne From ·tbe Bishop Tuff of Eastern California Bearing on . '· 
· -·thei\ge of.the·.Ma.tuyama;;Brunhes Boundary · 

·. 

Unit. J>oJarlty.'$ample 40..\Ta Ertot 
Numper J 37 Ar/39Ar 36 Ar139Ar Motes «lAr11 /l9 Ar «< Ar0 ,% Age, Ma :!: lu 

·_. Bis~~P Tuft':u~l":u_nit; t~M~-.:14 1.20£..o4· .0.00163 o.OOS76 · 351470 57.6 0.7()1 O.D33 
Normal; 79(}94 · ··~. l;ZOE-o4 0.03820 0;63154 4~3}:&15 .3.54349 27.5 0.767 ~.141 

l.lOE-04 0.0411>9 .o.OZ054 8 .. 94tH4 3.38383 35.8 0.732 O;Ol(t 
7;68E..:o4 O.Ot092 ~.ooiw: U2E-t3 O.S4938 64.4 0.761 0.008 
7;68E~04 {}.0!056 0.00072 t:tlB--u O.S5fJ8 12.1 0.763 0.007 
1,68£~()4 0.01073 0.00038 l:J2ll-'l3 0~55491 82.9 0.769 0.007 
7.17E-04 0.03992 o:~- 2;4}£.:14 056682 75.0 0.733 0.009 
7.17E-04 O.Oi073 0.0()064 - l.7SE~14 0.58362 15.5 0.755 o.ou 
7.17E-o4 O.QH71 o~®u LSU3~.l4 0;59344 94.6 0.767 0.013 
7:t7E-o4 0.01078 o;ooo99 7.511$-15 0.60104 67.2 0.777 o,o2s 
4.60£-()4 0.01438 0;00087 t.20e,;n 0.92000 78.0 0.763 0.006 
4.60E.Q4 0.01384 o.(t016S 5.77B-t4 {).91078 65.1 0.755 0.009 

Weighted Mean 0.757 O;OQ9 
Bishop :rutr. Air FB.u:Unit, -l.lOE-04 0.00324 o-,000$2 9A5~14 3.58642 93.6 0.776 0.008 
• NOTJ'Tlal. 79Gt4; 8.SG50a - 7~70£.;()4 0.00872 O:.qQ333 ' 2.24£.:.)4 0.53766 35.0 0.747 0.028 

7.67-E-04 0.0092l .0.00621 ·1~7·1~14 0.53340 22.5 0.738 0.037 
7.~SE~04 0.00814 0.00124 I.~&J4 0 . .57075 21.1 0.787 0.0'36 
7.iOE-04 0.00672 0;00426 .2-:l9lM4 O.S8S4i 3t.7 0.760 0.012 
4.S5B-04 0;00703 

~:=~ 2.18&::14 0.944.58 51.1 0.775 0.176 
4:55£-04 0.~70- l~79Jr·,l4 0.93185 42.8 0.765 0.012 
4.55E-04 0;00705 0;00867 UOE·14 0.9!579 26.3 0.751 0.034 
4.60Eo04 0.00876 0.00038 3.34844 0.92316 89.1 0.765 0.013 
4.60E.W. 0.00910 0.00025 3.S3E~J:4 0.92556 92.5 {}.767 0.014 
3,97E-04 0.00660 0.00077 ·t.soE:n 1.06129 82.0 0.160 0.005 

. Weiihted Mean 0.764 o.oos 
.. Bishop Tuff, upper.unit from t-tfi-diameter pumice -boulder from NS 114 s 27. T. IS .• R. 29 E., Mono County, California 
Bishop Tuff, air fallunit from an abandoned pumice mine in NW 114 s -J, T. 6 S., R. 33 E .• lnyo County, California. Brtor 
9(weighted-meanaiesis at the 95% confidence level forthe error of the mean. J, neutron-fluence parameter. Read 1.84E-J4 
as 1.84 x 10- 1~. · 

"Radiogenic. 
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.,es ol Ivory Coast tektites. Their submillimeter equiva
k:D!S. Ivory Coast microtektites, occur near the base of the 
JNS in deep-sea cores in the equatorial Atlantic Ocean 
{Glass .fllUI Zwtu't, 1919]. Fission track and K-Ar ages of 
UYl ± 0.1 Ma and l.l :t: 0.1 Ma were measured on Ivory 
Coast tektites by G~ntn~r ~~at. [19671. Recent fission track 
;utd 40 Ar/39 Ar ages of Ivory Coast tektites appeared in an 
abstract by KMb~rl et41. (1989}, alrhough no analytical data 
were given. They reponed fission track and 40 Ar/ 39 Ar ages 
for the tektites of l.OS ± 0.11 Ma and 1.10 ± 0.10 Ma, 
respectively, but these ages have a high analytical uncer
tainty. 

We dated three Ivory Coast tektites ( 14 analyses) using the 
40 Art" Ar method, and the data are given in Table 4. The 
weigbted·~ age for these tektites is 1.15 ± 0.05 Ma (95% 
confidence lilnit .for the error of the mean). A slightly 
younger age~ obtained from an inverse correlation dia· 
gram [DalrymP/~ n ol., •988}. A plot of the analytical data 
for the l-4 analyses (Table 4, Figure 2) resulted in an intercept 
Oft.tbe x-axis of 1633, and the inverse of this value used in the 
age equation resulted in an age of UO :t 0.08 Ma. Our 
114 Ar/39 Ar as~~; the Ivory Coast tektites is a maximum age 
~ the may contain small amounts of inherited 
.,.on. We consider tbe correlation diagr.tm age of 1.10 Ma to 
be the best age for the Jvory Coast tektites. 
.Sc~ider orul Ki!Rt {1990] estimated that Ivory Coast 

mictotektites were deposited on the sea floor about 0.03 Ma 
after the onsetoftbe JNS. More recently, G/a.t.t t>t al. f 19911 
stated that the Ivory Coast microtektites fell to the ocean 
6oof only 0;008 ::t 0.002 Ma after the beginning of the JNS. 

As described above and shown graphically on Figure I. 
the onset of the JNS is placed questionably at 1.11 Ma. As 
placed, it raises doubt about the accuracy of the K-Ar age of 
the normally magnetized rhyolite of Alder Creek. which was 

(~)(~) 
t1pre 2. Inverse correlation diagram for analyses of glass 
of Ivory Coast tektites. The inverse of the intercept on the 
x.-axis of 1633 results i.n an age of 1.10 :: 0.08 Ma. The 
inverse of the int~ on the ,J.-axes indicates that the 
traoGed anron conmonent has a Ar to 36 Ar ratio of 304 ± 

used to calibrate the Cobb Mountain polarity event at 1.12 :± 
0.02 Ma [Mankint>n c>l a/., 1978}. Obradovich and 1z.mi1992J 
recently showed that sanidine from the rhyolite of Alder 
Creek, Clear Lake, California (inadvertently called the rhy
olite of Cobb Mountain) has a 4fl Ar/ 3'~ Ar age of 1.19 Ma. This 
age indicates that the Cobb Mountain normal event occurred 
at 1.19 Ma (normalized to an age of 513.9 Ma for MMhb-1 
fl.uence monitor). 

End of tbe Jaramillo 
Dod/eta/. (1968. Table 3, site S38] indicated that the JNS 

ended at about 0.90 Ma based on a K-Ar sanidine age of0.907 
: 0.028 Ma for the reversely magnetized rhyolite dome of 
Cerro Santa Rosa I. They assumed that this rhyolite was 
extruded near the end of the JNS because of its intermediate 
magnetic polarity. Our analytical data (Table 3) for six splits of 
the sanidine concentrdte dated by J)m•JI et ul. I 1968. Table 3. 
site S38} have a weighted-mean age of 0.916 :!: 0.017 Ma, not 
significantly older than their K-Ar age of 0.907 :± 0.028 Ma. 
These statisticafiy concordant ages of0.916 Ma and 0.907 Ma 
provide firm calibr.:ltion points in the Matuyama Chron for 
delineating the end of the JNS. A tighter calibration for the end 
of the JNS will be possible when the age and magnetic polarity 
of all of the flows that compose the Lewis Canyon Rhyolite in 
Yellowstone National Park are determined. Sanidine fmm one 
of the ftows has a weighted-mean 411 Ari wAr age of 0.954 ~ 
0.005 Ma (lu) and has rcve~ magnetic polarity (R. L Rey
nolds. oral communication, 1993). 

ln summary. some of our sanidine ages from the reversely 
magnetized rhyolite dome!; of the Valle~ caldera are dis
tinctly older than K-Ar sanidine ages of J)ol'fl et al. I 196M. 
Table 3} and are generally compatible with ~ome of the age~ 
of Spt>ll and McVoupallll992). In contrast, the '"1 Ar/:w Ar 
age of sanidine from Cerro Santa Rosa I and ob~idian for 
Cerro del Medio II are statistically concordant with the K·Ar 
ages of Doell et a/. I 1968]. 40 Ar/~11 Ar age data of Table 3 
combined with that of Table 4 and Figure 2 for Ivory Coast 
tektites indicate that the JNS began at about 1.11 ~ 0.08 Ma. 
The JNS ended before 0.92 Ma, probably as early as 0.97 Ma 
based on the age and magnetic polarity of the Lewis Canyon 
Rhyolite <Figure II. 

Matuyama-Brunhes Boundary 
Our isotopic age calibr-dtion of the GJYfS near the M BB is 

based, in part, on 40 Ar/~9 Ar ages of sanidine from three 
reversely magnetized rhyolite domes or the Valles caldera 
(Cerro San Luis, Cerro Seco, and Cerro Santa Rosa 11). Nine 
analyses of sanidine from Cerro San Luis yielded a weight· 
ed-mean age of 0.812 ± 0.023 Ma (Table 3). This result is 
about 9%older than the analytically best K·Ar age (0.710 ± 
0.015 Ma) for this rock given by Doell et al.[1968, Table 3, 
Figure t2). They also gave another K·Ar age of 0.845 .:t 
0.074 Ma for sanidine sample 3Xl22, but this age has a high 
uncertainty. The other two rhyolite domes crucial to con
straining the time of the MBB are Cerro Seco and Cerro 
Santa Rosa II. Our data for four analyses of sanidine from 
each of these rhyolite domes gave essentially identical 
results of 0.794 ± 0.007 Ma and 0.793 :t 0.018 Ma. The 
40 Ar/ 39Arages are older than K·Arages of0.745 ± 0.015 Ma 
and 0.725 ± 0.019 Ma for these rocks reported by Dot~ll et (1/. 
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Aootber calibration point relevant to the time of the MBB 
was obtained by dating sanidine from lhf: reversely magne
-tized Oldest Toba Tuft' on Sumatra [Chesner, 1988). l-our 
analyses. resulted in a weighted-mean age of 0. 789 z 0.006 
'Ma (Table 3). Previously, sanidine from this rock was 
40 Ar/.l9 Ar dated by T. C. Onstott at 0.84 z 0.030 Ma IDi~hl 
el al., 1987], using Bem4B as a 6uence. monitor. Although
the two ages for the Oldest Toba Tuff differ by 0.05 Ma, they 
are not statistically different at the two sigma level. 

To establish a calibration point within earliest Brunhes 
time, .we analyzed Z3 sanidine concentrates of the Bishop 
Tuff of eastern California (Table 5). The Bishop has normal 
macnetic polarity .and was emplaced just after the MBB. The 
weighte~mean age of II sanidine analyses from single 
pumice lumts from the basal air fall unit of the Bishop Tuff 
is 0.764 ::t ~5. Ma. Twelve ages were measured on a huge 
.sani4ine coliFentrate from a l-m pumice boulder (lutt et al., 
1988] from the upper·pyroxene-bearing unit of the Bishop 
Tuff. A weighted-mean age of0.757 ± 0.009 Ma Wds calcu
·Jated for the 12 ages, which is statistically identical to the 
weighted-mean age of sanidine from the basal air fall unit. 
Inverse corre!ftion diasrams {Dalrymple et a/., 1988] pre
pared from tb~ytica.l data for the two units of the Bishop 
are shown in Figure 3: 'The correlation diagram age for the 
bas~ air fall unit of the BishQp is 0.764:!: 0.006 Ma, exactly 
the same as the weighted·mean age of 0. 764 :!: 0.005 Ma. 
~Data for the sanidine. of the upper clinopyroxene-bearing 
.unit have an age of 0;762 z 0.006 Ma, nearly identical to the 
w~ted-mean.ageof0;757 ± 0.009 Ma. 
~Our 40Ar/39Ar ages of.0.764::: 0.005 Ma and 0. 757 ± 0.009 

·Ma for the two subtlnits of the .Bishop Tuff discussed above 
are-genernHy oldet than (I) K~Ar ages for the same subunits 
(0.738 ::t·.0.003 Ma and 0.736 :!:: {}.005 Ma) reported by /zrtt 
~~ ctl. {19821 and (2) -40 Ar/39Ar plateau and total-fusion ages 
of0.73 Ma and 0.74 Ma determined by llltrford mrd JJam
mffSthmid! fi~S]. Their age for the Bishop Tuff was 
-determined using l3em4M muscovite and Bern4B biotite 
--~ce monitors. &n14M muscovite has an age uncertain 

bY-'3;5% {Baksi,._.l~. Recentty, Pring/~ ~~ ol. [1992} re
:ported aweighted .. mea.n age for the upper unit of the Bishop 
T.dt.ot o~ 759 ::t o.oo:Hn a paper dealing with the seochro
ootogy.ofthe Taupo Volcanic Zone. Theirage, although they 
did riot present suppatting analytical data, is statistically 
indistinguishable froJn our age of 0.757 Ma. 

ObviQUsly, the· isot9pjc ages of reversely and normally 
magnetized volcattic-rocks on either side of the M B B bracket 
-l?ut (jo not date this. geomagnetic polarity change. However, 
an estimate for the 8p of the MBB can be made by usrng its 
s~tigraphic position in continental sedimentary deposits 

· tdative to a d.at~ nwicer horiZon such as the Bishop ash 
bed (diStal BishOp 1'tlff tephra). The Bishop ash bed occurs 
o~65m above the MliB-in sediments of ancient Lake Tecopa. 
California [Hillhouu and Cox, 1976] and 1.83 m above the 
~undary in sed"tments -t>f ancient Lake Bonneville. Utah 
{Eardley et al., 1973}. Using (I) the average rate of sedimen
tation (l m/6.5 Ka) between two isotopically dated volcanic 
&Sh beds in the Burmester and Saltair cores in ancient Lake 
Bonneville [Eardley'' a/., 197J. p. 212] and (2) the strati
graphic separation of 1.83 m between the Bishop ash (0.76 
Ma)'and the underlying MBB in the Burmester core, suggest 
that- the MBB oceui-red about 12. Ka before the Bishop ash 
be.4was deposhed,oran age of0.77 Ma for the MBB. The 

ness of the sediments {9 m and 30m. respectively) between 
the Bishop ash bed [lull~~ a/., 1970] having an age of 0.76 
Ma and an overlying Lava Creek B ash bed £/zett and 
Wilcox, 1982) having an age of 0.66-0.67 Ma f/zett et al., 
1992) in the Saltair and Bunnester core holes. 

In the Pacific and Indian Oceans, Australasian microtek
tites- are closel-y associated with the MBB. The 0. 77-Ma age 
for the MBB, as deduced above, is compatible with a 
weighted-mean 40 Ar/)9 Ar age of 0. 769 :!: 0.021 Ma (95% 
confidence limit for the error of the mean) for 54 analyses of 
Australasian tektites (lutt and Obradavidl, 1992b. 1992cj. 
Moreover. we obtained a 40 Ar/39 Ar age of0.9:!: 0.1 Ma (117) 

~ 0.002 

BISHOP TUFF, UPPER UNIT 

t 1 SfQMA 

t • 0.762± 0.006 Ua 

BISHOP TUFF, AIR-FALL UNIT 

(~)(-:,) 

SAN I DINE 
N•ol1 
MSWD•0.7 

f , SlOMA 

Figure 3. Inverse correlation diagrams for analyses of 
sanidine from the lower and upper units of the Bishop Tuff of 
eastern California. Inverse of the intercept on the x-axis of 
23.S2 for the lower unit of the Bishop Tuff results in an age of 
0.764 :::. 0.006 Ma. Inverse of the intercept on the x-axis of 
231 I for the upper unit of the Bishop Tuff results in an age of 
0.162 :::. 0.006 Ma. The inverses of the intercepts on the 
y-axes of the two diagrams indicate that the trapped argon 
component has a 40 Ar to 311 Ar ratio of 293 :::. 2 and 295 :t 2 
forthe two units of the Bishop, nearly identical to the ratio 
nl' t.hP,~ ·ic:ratAtvt~ /.,04; ~\ :..- ..... ,_ ....... _a.,._...:_ ----- • • ., ........ 
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on a group of 30 Australasian microtektites. the submillimc
t~(·valents of Australasian tektites, recovered from core 
at·oi0.95 · m,eters -below seafloor, Ocean Drilling Program 

. (O{)PHes 121 site 758B on the Ninetyeast Ridge, eastern 
lftd*'Qi;eai:l {see Smitet at •• 1991. Figure 3). The «I Ar/ 39 Ar 
age';(){'·:the Australasian microtektites (0.9 :t 0.1 Ma) is 
~:older than that of Australasian tektites (0. 769 ::!: 

:0.0:21 ,Ma), but cotlsidering their analytical uncertainties at 
thci. 2·u ·level they are essent1ally concordanr. Smir ~t at. 
[t99tl:r;eported that Australasian microtektites are concen
~ed 32 cmbelow the MBB at ODP site 7588. According to 
Bunu {1989], the miaotektites reach their maximum abun
dab<?e in reversely magnetized deep-sea cores of the Pacific 
iu\,(Ind~ Oceans tens of centimeters below the MBB. 

.. Usi.·ng de. posi¥n rate .. s computed from the stratigr.tphic 
~·of otfgen isotope stage 19.1 and the MBB in 
ti~$ea ~ref d; M~nocal ql at. [1990} reasoned that the 
miC~lctites ~lllO:'the ocean floor about 15 ka before the 

·orise( of the. Matuyama-~runhes transition. If Australasian 
. miCiOtdctit~s are 0.77 Ma. the foregoing information indi
. ~~bat thf;_MBB ~ af 0. 755 Ma (calibrated using an 

age'OfSl3.9 Ma-for MMhb-1 ftuence monitor). 
·· ,(>nr inferred·~ of0~77 Ma for the MBB is statistically 
<:~~tible with Ar/~Ar ages of basalt lava flows (0.783 !: 

\l'ie<l.lMa) erupted dunng 'the Matuyama-Brunhes transition 
·· Ofi~~i:{B!lksi t't.ol~~·l992J.. They winted out that one of the 
· Maw ;baSalt samples chosen for dating contained ex<:ess 
·~n~ and others lost some argon after crystallization. 
A(tbOugh the isochron age they reported for Maui basalts is 
~Y$lcany:sound, some.geochronologic studies have shown 
that'tncrementaliJ.I Arf'l'IAr ages of whole rock basalts can 
. ~I¢ano~ousresultsJMcDouga// and Harrison. 1988. p. 
ll;:·Bak.si, 1987, .p. -149.]. Lack of detailed petrographic 
'de&criptio,ts of the basalts dat-ed by Babi t>t ul. ( 19921 make 

. th~' interpretation ofthcir results uncertain. 

Con~ us ions 
~>·(:)n the basis of ""Ar/J9 Ar ages of Ivory Coast tektites 

and.··~nidine and obsidian ages from rhyolite domes ftow 
~lexes in the Valles caldera. the JNS began at about 1.11 
,J6;c&ltd:~ded before,0.92 Ma. probably near 0.97 Ma. This 
~Jogy for the JNS is 10% older than that proposed 

· •«J,97.;;():90 Ma) by Mankinen and Dalrymple { t979) and most 
auter~mrnonly qU~ geomagnetic polarity time scales. 
Our:ebronology for'tbe JNS is nearly compatible with that 

.P,ro,Pbsed by Shaclileum ~~ al. [19901. who based theirs 
{f~07-'4.~ Ma) on ,a phase relationship match between the 
~mical time ·~ and oxygen isotope calibrated eli-

. mate reeords:in dee.,.sea cores. 
· 2. The MBB is bracketed between «~ Ar/l9 Ar sanidine 
~of. 0.79 Ma and-0.76 Ma (three reversely magnetized 
tflybtite domes in- N.ew Mexico and pumice of the reversely 
maBnetized Oldest TOb3 Tuif and the normally magnetized 
Bisbap Tuft). 

·. 3~ Although bracketed between·., Ar/ l9 Ar ages of 0. 79 Ma 
·and.0;76 Ma, the age of the MBB may be close to 0. 77 Ma. This 
· torlcfusion is reached on the basis Of computed sedimentation 

· ·rates att'Wo sites in lbe.wes~m United States, and the facnhat 
tbe MBB ·occurs 1.83 m below a layer of distal Bishop Tuft' 

·. ·(0.76 Ma) in the Buimeilter, Utah, ct>re. 
',4,· :,()ur ltO_Ar(J9~datingoftheMBB at 0.77 Ma is about 

" ' . . ..... ~·- -- ......... 

Dalrymple (1979) and 2-3% younger than the age of the MBB 
(0.79 Ma and 0.78 Ma) proposed by Johns(ln (1982] and 
Shackleton tl at. ( 1990), respectively. They based their 
dating of the MBB on a phase relationship match between 
the astronomical time scale and oxygen isotope calibrated 
climate records in deep-sea cores. 
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