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~.. (I( ~~ :: 41 " 'u" hll!AI ml('stld~d "(,ij,Jnt( Gut. i.",t'
til, .to • til-' #lJl.JI. 

A ,nrr ....,..... di e..n 1.1 If.,. Kl'4id''''~ -,~~ ...",.: 
~ NIIIO ...,. ... CtipprY 6I~ Mi r1r.'N ", ,,,, """'* 
(l\I:Imb«"* ~... u.., ..hDhfi/il W"'UI!lm. ttm.oIIl 
draw", of rMi"" "",'CIk .. ~,~ ,h",. *"(' 
~ .... __ S.W ..,.,. ..... Iftr:f iN f~ ""U""""" 1HIprf. 

_ute: ~. '!!IIre 1 .... P' t"Iew""" h~ .,., ...,.,....
-If'~ ...... 1.t·~ * ",-\'+c JiIri1m. and Itw ''''JlOf* 
~IOD ifIf dw __ ,rinI...t ..... "rgj7Tai ...h M 
..,~ .. ..., ..,... <opft1~n 'M..... AMYln 
Pn~1~ U,. __.~ _WI ...."'''', ~,""toIN h)' Of 

~lI~n.£- MtlI~. t~o IJr;frymplr. "MI) 
Ah.1l,,~ "!11Mb ,. ........ "AI ........,tc:d ,·.ted trnm 
......Ht jr tit ". ~ :.1 ... ,. ,> mok.. l",~ iikt4Mh ,If 
... c...............· -".","At ...........'" WI M"* Pw\. (".t. 
_~_.in' • die' ..~~flf ~." ,,'U""'I-A. ,,,... 
.... ~ft...... ~~ ....t ~4'nrm;:t~ f.pr 
~.,....~ __.;...... ..,. 1H1Itk..",.,thW ".1eat ",. 

~"'~_~wcndr.... ntvdh)'lh;Jn".,. 
ftiIt' t'l1I/. (lW" ..,IMIn ttIf(fk W!IIf9I. 

Air....., -Nf"JV ...nhud hn ...,.,..","'"' <II'\'lMIil~ 
'"~ .tNwK-I...·~...... ttbt;"C' ,...,hI"'...lid ~ 01 
.........-l ......,.. 11ft n:t..t'WC' In .."wpw-d <IJC'" (If' rt,ICt'K".<'

ntomf()f' 1INIIft'lIk. 0* ~..."...., minc11'1 u.ed ""m
""wc-tt· A .......,••., (at..,.·,) (hJfR 'ycN1c of tIM: "". 
C"htnt ~ Cc.IlMpk. DI.1w: Wc1 MOUIH»;M, C...., 
.... k1tlMt-r t'f til... ""I. II.. ~ ..-eJsf\k.d..,.. •• 
~ on ~o(~... -S IIfJIOft in a. t.'lh'H1t
~,,~ft 510'" ~ 1.1 .... f1llm.a.." .wJ ,,1.-.1""''''',
'-'t. f~+ de • 01 "M~a, I" ~~I;t,c-...cd til .he
lattondnry wbc:rc .... tIIe..,,,,,m••" Vi~'r tI\aIIk JI"d~ 
~ ilL t...; ~ rl fill .. 1'19\1. 'Ii ~1).9 .... ahouI 
I ,1H;; )'~ .t.. fW puhh"loohtd *ctp.ted·mcaft .. l'Il 
SlCu WA. 

We u1lC'd ilRi_ ...... lhe Fi1.h t:aA)'Uft lutl.I;(,'T) 01 
(~.".. .., * 1."...,. C.'Cd. lUt,..c flrJU or PW
t.k~..o .. _._ ~·taunftJr mmrnIk 1"IcQu'IC diet 
lIIf'¢ cbcmtally 1IIAiI'or1Il..t ... iwIoptc lIIC" ..ree ........ 
~tMt .....Iht~~ olcht wokaaic ruct, 
~ to be 4IIod. S~ from ,III( ITT ... 'uwd nIn· 

t.4wh'~·~·~.•he'Q"'''''''_fmm 
the- TCR ... ","'iI, .._~ ,,1liItId.wd .'JJr,tnpk 
o"d fNlit'U • ..... We c.....~ lhal QJC" ~ bereM 
~ calct.dacM ...~....... nUner.idiIF' IK W· 
low.: FCT , __.17.SS Ma~ Tea ~. 'l1.9l Mil~ 
bot" rdotiyc 10_ ..01ill .II t4a lor MM.... I/lIcpIw,.,. n 
Ill.• 19901. To ~ our -Arl""'" .~ Vilth ~ uI 
~ 'IM/r)''''''''' noetIeO.. fhe ~. ,d .• It'll, 

providC'ti ." cues ~ e..fWC"~ (Of' (:(lftw:rt.,. 
(rom OM ~.. IO-.oeM 

whcf't'f .~ oriciMI •• f~ til Cf.tftvt:nCd..,.c, 1",,1 no ~or 
• u\Cd ror ' •• ,_: ft MOIIieor ...~ ftli I: .•00 .. tdele.) 
(;~fttt "'" J,SI) 11 10" )'1"1 

Ern'lln ••lIIOC'iIided ............. "IC" 1ft l~ 1.... ..., ~ 
an: C',~.*__, ~~ ... the I-d Ind IIIIIII! 
*hM.k OiIr ~ a( • pn:L"iuoft Cf1'llf CO.~t of l..... 
~~J.On ..... 'w ........ 

tiaM weft· ....... ·adt ~~ .. the-


IIf~u."w"'fhtr"'~"~ i4r t ..... ,.,......
1IIr" uw '"'" _ ftw __ *' .,. ."..." Irn-d. -t.:II - 
,.,."...of .... Ow __...... ~ .... /IItI~ ~ 
~....~ frt ,... mMrW nI .......".,...(' ftc CfNI 

~ f_ " JnIUP III ..... dw m .. 01 dw ..... Uk 
'WA n~f' ~d AI k,AI .,., -Al''''AI .. tHIW 
~or,""*""",,,,,,-,,,~.,".,........w 


.". fltt 1tIhc_....... #Iff (ieaCIW....., ...... ~ 
u.... d (~~:nUlnrn """}.,n, 1m, 

J........ NoM,.., 1WIdtr_ 

I""h~ .. ~....,. OIl Ibt ....,.~ GP'J5 

~¥l"''''' .t. Jill,. .,.nill ..... ~ ...."....... K,Ar 
itlC"df ~""~f'..,.,.................. 
C:nJ'n" ........ ('crm6ri ~, ... '~erms.u IIou,Jf 
lhe V~ {~".. Nnt .'-«t (IJ'ffrll tItIfIII """,,,,,,,,.''''''J llto f'4MC....... ,... I" INS ....... " ...... ~ 
.lIIIkd /III 0..... .. ........ law .. III ... .IN5 .... 
~m'W .., it "·N • ~~ff:w MV ttl,., 
ddmt\ ~ ..... Or,.""MI'... 1........ Ia.-o' .".. fill 
'hf\ ".,., _1IJdI h.n ................" ........., .......... 
....... CC'rJ"O lid AlIt.,., 1ft ,'-rrll" till ,.1IM, 'faNt- J."' 
SI;, fq'llC,"N _ WI.'" ".AI tip' ttf 0 .. ! ••" lib t-.r 
1M ,"",....(', ... " ~ .he- ....... '" Ihr ...... .-.! 
~_ (1(' JI8t JMS. . 

F"'~·""'''Ar~fT'''' ),cJI·..... ." .........".1 
~ .., ..., '"'''' rl ,.,. delI''''' fi..... C~ 
AIN'ip:t III ~.1a~ftI--=- • ." I... ~ e . .,....... 
11th.k - In"",,'_,w1(-'"••,., 't ........, 

." ,),,,,,, ,.'1111 " ...' .... .,.. ft ..., .......... • Ad-'" 
• CJt o,.,') !. 0.010 ....." .11 -w tI.fJ,~ IlW1t ,.
-.rete''''"''' til IIIIIt' ClllIt1':IIdUIilHt ~....... ......,.... 
ud;;MC~ 

ClrIlRt ...* JanaIIIo 
K·AI ~ aJlt\tr.-..aIC fW 0Ihd ,rt .k Jw.iI laftc .". 

n:paf1a1 by 'lfri ..J ,.".....",.... , ............... ..... 
II!IMcd '" OM' n III, ..... T3IMtll· '*'__".,....... 
dwc.'~~' ........1'Cd"'.,.,.....'.CCIID........ 

I Md ('CYJP" NHIO ................ S.lS'" SM',......, 
K-Ar ... of •• ~ em ....... 1.11 !. OJD ...... ~ 
hYdl . •~t:I. Ihnc ...... ~ .... __ fleW .... 
~ rdll..... of l'-t ~ .............. 'CMc duI 
CCfn.lo 4d ~ I ... oWer .-.t'mv*. Mallo D ....n 
ttl. IW. ,. : ... 

Our ........ ~ ....)"llIQI ... lui ..... ..,.... 
~ 11ft tit.Iftt til T.,.. l ........~ ..... Jar ~ 
.......... ewe SW. I'....... tnC'I"IIdJ ~ 
myokk~oI<."nto""'''A 1,161 ~ ••""'.1IIl 
t:~ _~ .... .." I!.·AI lilt aI ............ 
II, n ~ a DJ Ibi 1IPC'1t I:IIf Po"" fI1 III. ""'1, 1'111:- __ ... 
th(t INS ." _1ft' ......, (GIhtr-.l tit.~ III&' GIf •. 
:! 0.017 ... In. • ..- 'I i_ ClPlllJCCllh* ..... 
K'''ff'OC') ....unJ pqa..l T.,..tlC' (am fr_ CCRD ... 
McdIu • ,...~ fTaNr ", 

1lw "-1 01 dw ,NS ~ ~__ ....., ht lilt' 
01 ......... fro. ....-c~ ........ It..... dwbu.Jl...._~1.1f 


Iht two ....... ." .... B...~... T.. t1'lItaIe '), n. Wi .. IN 

__ ....... 'ew:nd' ............ ~ .. .......
....0( c ~ ........ ...,
.....c IT~'''' 
.. I.ll:) 10.0"'" ... '-60 '.! ........ re" HII,,,,. 
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taTr ANDC)8kAJJOVtCU' "Aft!""AI( Mj£ Uf JAI"M'U.o AND MATUYAMA,JJkUNfft:S 1'rnt 

T.... J. Total Fusion .toArl w" r ()iI'iI fOf Snnuhne and 0bJid1M "rom Rhyol'le.. of .he JCffif:l Mountain,. 
Nor1.Mm N~ Mt'''k4. and Suman'll Pcnmcnl to ,he AJC 0( the Jaramillo Subdmm and t.bluYilmu·8runhe,. 
Soundlll')' 

",~"-,-,""",,,""-""~',----------- . 
"A,· 4IQA,. of F.nor 

UnH,i'oIdy. SampW J " A,/wAf ~Ar/wAr Moth • Ar" ,"Ar .r; MSf ~ lu--_..... _' 	 .,---,-- 
~l Tobe Tut. rrwnc. 1.Y7E·04 0(111,1117 O.OOlU UHf.·J) Ur:J91 7ft !> 0.7111 0.006 

T·I-'A l.V7I~..()4 0.(XM~9 0,000)1 L2"'£.·11 I.IOW 'IIU 0.""2 0.006 
•.o"'~.cM 0.0074) 0,00146 '.O:fE·I} ...~s 11." 	 0.790 0,007 
4,04f!..()4 	 1}'0076) O.f~H"" I.lJE·" "(11)4 12.1 0.7111 0.006 

0.7119 0••Wt'~M'" 
Cerro SIma Itotia 11. ITVl'rw ".OOI~..()4 O.OOM 0.00161 JI.09E-,4 LlOIi ,.,If, 0.* O.OOK 

01000) HJOf.-04 0.01)09 ()QOO~I R.6lE·I" 1.IU1 fe7.7 0-'10.1 o.a 
4.00i:-04 o.Ol~~ O.(kJ069 2.0~FAl Ucr.\J M.I 0.'" 0.• ' 
4.00£-04 0.0BOO tUJ06'-J 1.26£.. 11 3'7 0.171 0.009'.077" 

0.7Y3 0.0'.Wftthtir--CanJ. • Fe",.., ".02£-04 O.OBW 0.(0)52 8.0lE-I" 1.1109 tr1.7 0.H04 0•• 
.tDOD' • ....02E-04 ,toUn? 0.00026 Y.Z6E·'" ucm 93.2 0.799 tum0_

I. 	 ".0!E-D4 0,(1)'" 0.0010) I.~'E·I) n.Y (t,7*;,..• • 402J~-04 0.(1)2.4 O.OOf%J 1.24r:.-1J • .1.1111 '''.9 0.7Y1 0.007 
Wet&lKed Mean 0.194 0.007 
Cerro San l.ui.t. re¥CnC. II.OF.-04 O.Ollll 0.00124 6.HlE·,4 O.~ 6L9 0.8.~ 0.. 

• 
SlWI 7.0£.04 0.01))5 0.00044 ..~.... 0.6U' I!.ft 0.104 0.• 

7.0E.o.t 0.01366 0.00022 "'"E·'4 0.62.~1 90." 0.0 0.012 
7,OE.04 O.O'.W6 0-1)0026 1.6IE·14 0.6041 •.6 0.792 0.012 
'.0£.04 0.0032a 0.01022 LU8E·1) J."" SS.6 0.1t20 0._ 
t .OE.04 0.03816 0.00290 9JUE·15 ).7IU II.) 0.• O.OJ) 
1.0E..()4 O.02IM6 0.00519 6.07E-IS ).5«!6 69.K 0.168 0..0$0 
4.0E..()4 0.(1)90 0.00311 3.S3E·'" 1.00ll S4.1 o.m 0JJ09 
4.0E..()4 0.01349 t)'OO96I 1.I1E·I" 0.9f!o1~ n.} 0.775 0.0» 

W~Meu 0.R11 O.on 
Cerro San ... R.au I. w.cnc. .... WE.04 0.0026 0.00164 J.31£·1l 1.2602 n.' 0.9111 0._ 

4000l ".OfE-D4 0.OJl!2 0.00282 7.90E-'" 1.23IR 91.7 0.90) 0.010 
4.04E-04 o.cna.S9 0.00105 1.95E-fJ 1.2429 19.8 0.905 0.006 
4.04E-04 O.DII2S 0.00104 I.32E·1} 1.2416 19.9 0.90~ 0.007 

.'.' ".04£004 0.011)99 O.OOO}) 9.21E-I" 1.2'Jf,6 fIl.7 0.94:5 0.009 
".04£-04 0.01106 0.00021 8.,11E·'4 1.263' 93.7 0.921 0.0lIl9 

" Weichted Iok.an 0.916 0.017 
Ccno dd Abrifo III. ftOI'IIUfJ. 4.:!7E-04 O,OIl86 0.0D047 1.75E·13 1.2999 90.0 1.001 o.CI07 

,X 189 4.27E4M 0.0121) O.OOOll I.89E·13 1.3316 9!.B 1.00S 0._ 
".27E..Q.C 0.01206 0.0011' 2. liE-I,) 1.2931 79.2 0.996 0.107 
4.21E-CM 0.01221 0.00)15 6.28E·I. 1.2761 ~.2 0.981 O.Oll 
4.21£-04 0.01271 0.00121 1.99£-13 I.J02I 711.0 1.010 0.010 

W.ted mcaft 1.001 0.019 
Cerro del Mcd10 II.· reYeRe. 4.18E-&4 0.03264 0.00037 1.39£-0 1.5469 9).2 1.164 0.009 

'·1 ".11£-04 O.OlUQ 0.0D047 1.19E·1) 1.S421 91.5 1.161 (1.010 
4.18E-04 0.0)260 0.00061 2.IOE·IJ 1..s1l1 88.5 USB 0.... 

W~"'CM 1.161 0.010 
Cerro del ..«:dio I. mrenc. 4.02£.oc 0.05123 O.oon.~ $.40£·14 1.66S0 71.4 1.207 0.011 

lXI". 3XI9S. lXlOO 
T~~ Bcd. reyc:ne 4,15E-04 0.0f)I)14 0.00076 I.SHE·I] '.6499 81.1 J.2)$ 0.009 

9fG16 •. 15£'" 0.00911 0.00IM8 1.9IE-1) 1.61., 9 •.7 1.211 0.0 
4.15E-04 O.OCJIHJ 0.00131 2.A9E·1J 1.6440 lID.7 I.no 0." 
4.ISE-04 O.OO9JO OJ10156 I.S7£·U 1.6264 77.7 1.217 0.009 

WeiJbted Man 1.211 0.011 
~ Pum4a: Bed, ftvcn.e:, 4.17£.04 0.00986 0.00216 2.661:·1] 2.1461 n.o 1.612 0.011 

9IG)S .1.17£-04 0.00945 0.00134 1.97£-13 l.IlS} "-'.2 I.fIO) 0.011 
4.J1£.4M 0.00959 0.000B7 I.49E·1) 2.17SB IIJ.l 1.614 0.012 
4.17E-04 0.00959 0.00048 1.96E-1l 2.1)71 91.6 um 0.011 

Wdpted Wean 1.611 0.011 

SMlples d ~ ..,. fall ~.~ tbe lower and upper mcmbcn of (he &ndeIier TuIr (~ Md T ....wi Pumice 
... 91035 aad9l016. rapoc;:ti¥dy' coDccled by G. A. lutl from same JO'les as lhl>w or Dtwll" aI. (1968) at rOIId cuts 
.. Sllte Hisfrwa" " to ... Alamos. Whitt' Rock ~. Los AlamM C...y. IIDf1hn'n Ncw Mcxic;o. Ertw C'I 
~~ 111ft K ac the- cw. COftfidcncc- level ror rhe error 01 the mean. J. Dallron·fIumce parameler. Rad J.97E.-G4 
at. 3.97)( 10~· • 
~.. c. 

·Obtidian. 
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".,., l:tltn ANI.) mUMI)lIIIU:.'H ~I ~tV'"Ait Mil! Of JARAMIU . .o ANI) MAol1.1V AM A·HKllNlft~.. 

_.--_ .. _ ..._._--_._._.- 

tv('~ 0 '!If. (10041'1 I K2I .. 14 122Y~ 4.?-1 ~U IJW 0.02 
\JVC~ n l1~1 o(JOhl" 1 Mr:·,o; Lllltl 4~1 \'10; LOS 0.12 
l\'('ob-oM (} 2"~ (J un.n: I ~Jb14 1.4.~WI 4.91 H .. I~ 0.0] 
,VC.6-M u.~g7 (lOltK-Il IIIW.• 14 UJ7H 4.'" J4 ~ II} 0.0.1 
JVC..ft..M U~Jl 0 tll",7I, ·/K~E·l~ I2fJ1lJ 4.91 J'J () I t2 0.04 
IVC,"-M u ~4n II ()U~'" I tJt~I~·14 I 2~ •.9'" 1,1 t; I I! 0.02 
,VC,Y-M " ~n" n·H/fI7l1 ! (ItH·I!i unO 4'" 'lY ,. I IK o.n 
JVC·Y,M (I!~'II !lOUlnl ·lIhE·I~ 1...~HtI 471 11.4 12~ 0.04 
IVCY·1a>4 q ::1<\ H.UlbKK I IKE·14 UIW.l .. 'I' 21 II , 24 0.0/1 
IVC·1H.f14 O.~:,~ lun''I1 2Il!\r:·f~ urn 4'11 4b' 1.09 0.11 
IYC·18-M () 14-«1 (UJUflM ~.%E·I~ U9~ ".91 AI.*, UJ 0_'2 
IVC·IH-64 O.141f1 0 OlttX4 Iyr;E·I~ UII6 4.VI 1'OY 1.16 0.11 
IV(".IB-M () '!X:::: U.O(JHK 117E·I~ 1.1841 "'''' \4.1 I.OS 0.11 
Ive-16oM O.:!'\M 0 (10710 1 7m·'~ 1.2~~ 4."'S 17." 1.10 O.OJWri.nE Me:.n o.mI.U 

-L:: tliC~: lve. ., ~~;:~:;~I.;V~·:~;~~·. ·;;';krc;-~~C~iH.M~iKb.Kouad",,"" 'rCJfh 1M ,oilcolOft of F.,C.T. Chao. 
U.S. ~ Sur"c), Ultn'lfC'Hcd I,) Ihe V. S. S .. uunal MII'\Cum. A""To calculated Uti'" Tllly\of Crrek Rhyolite: (%1.9% r.t., 
.... ftu-rncc morNtJ. Em...... or ",C'"hled·mean U':C" i.. Itl the 95'h c,...,f\dCfl('C ~"d (or lhe error of lhe meitft. J. neu1ron-CIucMe 
r.»f"'..mcn:r. Read , .M2E·'.( .:t' I I<~ .. 10 II 

"k~M1.up:nk . 

1~...e ~ lIfC' about I(y:.; ,1Wcr Ih,1n .,Ar, I~ Ar ~C'~ mClI' packaJc ,eumclry fh:l.t r('wlled In a 1a1Je unccru;my for J. 
-wrcd by .fpt'II"1 al. 11990I.1nd .5prlllmJ M,l)olll:<111 119921. Accordi", 10 Bal.!i '19171.•he ..~ of the lkm4M mu~ 


...,.(./1 1'1 111. 11'190. p. INI u...ed an mh(lllI"ltcIlCOU\ ftUC'nce· ..Iandard i, uncertain by l.~'k. 


rNmttur mine11ll Hkm"M mu~l'''llcJ and an IrradiatIon T'h< oo~, of the' JHS can h: c.alttnlcd by utina i'UIIOpic 


Table 5, Tatal Fut.ion 40 lufl'lAr Oat .. (or Sanidinc From the Bishop Tuft" 0( Eal>(em California Beanna on 
(hoe Ace of the Matuyama-Brunhc.. Boundar} 

llnn. Polarit)'. s.:..mrk 
Number J .7 Arl I.., Ar 

--'--'" 
'"'Ar!'"Ar 

410Af" 
Mole,. ~Ar·/"Ar -AT". 'if .'\&C. Ma 

F..nor
% Icr 

8f~ Tuft' Upper Uni!. 
po.: oormal. 7YG94 

I.20E..()4 
1.20E-64 

0.00163 
O.O;K2n 

0.00876 
o.. tms... 

I.84E·14 
4.J3E·I~ 

J.SJ470 
U4J.49 

57.6 
27.~ 

0.761 
0.761 

O.O}) 
0.'4' 

I.20E-04 0.1)4109 O.O20~4 8.94E·14 3.38383 H.H 0.112 0.010 
7.68E-04 0.01092 tUJOIOl 1.12[·1) O.S49J8 MA 0.761 0._ 
7.68(04)4 0.0I0S6 0.00072 1.12E·13 O.SSIII 72.1 0.763 0.007 
1.68E-04 0.01073 0.00038 1.12E·13 0.~S491 82.9 0.169 O.OIJ7 
7.11£-04 0.0)9'11 0.00064 2.43£·14 0.56682 7S.D 0.1}} 0.009 
7. t7E-04 o.oum 0.00064 1.7.5E-14 0.58362 75.S 0.7SS 0.011 
1.11E..(W 0.0117\ 0.0001 I 1..51£·14 0.S9344 94.6 0.767 0.0f) 
1.17[-04 0.01078 0.00099 BIE·IS O.60UM 67.2 0.717 o.m 
4.60[..().t O.mOK 0.00087 1.20E·1.) 0.92000 78.0 0.763 0.006 
460(4)4 O.()BH-t O.OOlbS 5.77E·.4 0.91078 M.I O.7SS 0." 

Wei,lhled Mean 0.1S7 O.CI09 
Bishop TuG', Air FAIl UIIIS, 1.20£..04 0.00124 0.00081 9.4S[·14 1.5JI642 93.6 0.776 0._ 

Normal, 7'9G14.15G~ 1.70E-N O.OOIC72 0.00338 2.Z4E-'4 O . .5J7f16 15.0 0.747 0.• 
7."7£-04 0 ..00921 0.00621 UIE-14 O.SJ.J40 22.~ 0.738 0.OJ7 
7.ME..()4 0 ..00814 0 ..00724 1.90£·'4 ().~707S 21.1 0.781 0.0)6 
7.20E-04 0.00672 0.00426 2.29E-'4 U.SIstl 31.7 0.760 0.011 
45SE-04 0.00103 0.00J06 2.11£-14 O.944S8 51.1 0.175 0.116 
4.55E-<W 0.00670 CU.w:U 3.7'1£-14 0.91185 42.8 0.765 0.012 
OSE-<w 0.0070~ 0.00II61 1.IOE·14 O.91!1'N ltd G.7S' 0.0)1 
4.60E-M 0.00876 O.OOOJ' .uWE-14 0 ..92316 89.• 0.765 0.01l 
HJlE-04 0.00910 0.00025 l.BE-14 O.9~S6 92.~ 0.767 0.0'. 
~97E~ 0.00660 0.00077 IIIOE·1) 1.06129 lt2.G 0.760 O.CIQS 

Weichtcd Me<iln 0.'64 0.005 

Bjlhop TuG'. UI'PCI'UM (mm l-m-diamelct punll('C' b(lulckr from HE 1'4 Ii 27. TIS.. R. 29 E .• M()ftOCOUtIt)'. Catif.... 
8t~r Tuff'.';r faU IPtIt {rom an _bandoMd puml~c nnnoe an NW 1/4" 4. T. ft S .. R. 3) Eo, Inyo County, C.....omia. Error 
0( WtttaNed'meM ~~ ill ,he IJ~')W confidence k ve:! fOf lhe t'rror 0( lhe mean. J. neu,...,...ftUCIlCC parametct. Real 1.84E~'. 
al UW l( 10 14. 

-Radto,.enic . 



..... ut Iv4K)' eoa.. !.d;htC\. lhe:u \uhl1\ll1mn ler C'4UI\'OI' 

1tCIU. 1\'011"'( Coe.lt mtc:rutcklnC\, occur nClir Ihe hftloC Ilf the 
JNS ill ~ COI"I:I ,n lftc equalnrl.JSl Atl:mlK O~can 
(GUs'" flJkJ Z"..",.,. 1979). ftufOn UIIoC" iUld K·A, ,,~C .. of 
t.0! :.; 0.1 t.U and I.J : 0.1 ~b were mca\urcd <m hWl 
COIIIt sck,ue_ by GC"lSfMr t'f a1. (1%71. Kcccnt ft ..\lun UlloCk 

.. nd -ArlitAr .. of Iynor)' Coa,r r~kfIJe" "pi'C<lr('d III :om 
abIU"ICI by /(fHbn'f f11J1. {J989I. aJlhnulh nu ["",,lyll(1I1 dala 
'NCR ';\tea. They repoc1cd t;Ji.Ktn IrKk lOInd ..IArl "* Ar "I=C" 
f« CM tekUle1 of 1m :: 0.11 Ma lind 1.10 ~.' 0.10 Ma. 
rc.,edimy, but chew ate' han a hi,h an.;./)-tKOtr uncer· 
tainty. 

We c1ld.ed three I".ory eo.'tlekllic" f 14 ;maly..c.. , "'lnjollhe 
"'Ar/"'Ar method. and lhc daU! arc ,i\Cen in laNt''' Th" 
~-rnaj. for lftnC leklite!'! i.,. I.I~ ! O.OS Ma t9~~ 
:onIidctKe ~ lor lhc error of the meal'll. A \hghrly 
)'OU:nICf .. -itu obtained from aft invcN: correlallon dl~"•IJI'UIIDail')'mPh' 1'1111•• UP}. A pk)t of lhe analyll,"1 dOila 
forlhe .4 anaIyra (Table". Fia'llrc 2) rC!iullcd in an intcrcep! 
on the X-exlt of 163), and lhc iavene of Ihis value ur.ed 10 the 
~ cquMion RtUtted in an ~ of 1.10 ! 0.08 Ma. Our 

Art"Arasc' fpr the J~ Coa,t tekhle!. il> a ITI.ltAimum .jt"e 
beeausc lbe cLals may cOfItain ",mall amount.. of inherited 
arp. We consider lhc COITdation dia,nun Ilge of 1.10 Ma tu 
be Ute befit. (or the I\lor)' Coast tektjte!!.. 

SrWi4t'f an.J Kl'III (19901 estimated that Ivory ('oast 
microt.cktites wen:: deposited on the sea Roor about 0.03 Ma 
after the onsel 0( the JNS. Mon: recently. Gla.u ('I ,,/, 119911 
fICiItcd that the Ivory Coast mkrotcitlile.. fell to the: ocean 
ftoor ooIy 0.008 ~ 0.002 tot... afler the beginning of the JNS. 

As described above- :and shown gJ"dphically on Figute I. 
(bo 00IC1 of !he JNS is placed queslionabJy at 1./1 Md. A .. 
~. It raisn doubt about fhe accuracy t)f Ihe K-Ar agc of 
the normally ~iud rhyolite of Alder Creck. which wa~ 

NORYCOASTTEKTITES 

(~(~) 
fi'Ipre 1. Inverse c:ondaI:ion diacram for analyses of glul\!\ 
0( Ivory Cout tcktit.es. The inverse of the intercept on the 
x-axjs 01'163) J'WJIU in aft • of 1.10 :!: 0.08 Ma. 1M 
invcnc of !he intercept 011 the,;.-u.es indicate~ that the 
trapped 8I'JOIl eompoacnt hal a At to 16Ar ratio of 304 ~ 

"~d III 'lillibnJl( HIt' Ctll'th MHunt~JI" PUIM"., ""cnl .11 I I ~ . 
0.01 MilIUu"l.ltlt"f1 t'I uf • I'fill (lit, lId", I' h Im,J /'-"1111'.19: f 
recently \huWl!d chat ..an".htK 'mm fhe rh~o"fc of AldC'r 
Creek. Clear l";lk", C~h"'rllf" 11n._hcrtf!ntly I.alled dll.· rhy· 
ohte of Cohn Moun.aln, h;., a lin )\r' ~, Ar .at"" .,11 19 Ma "hi" 
alt" lnc.hCIIIC!I thallhc: (·ott" Mnuru;lIn nnrm.tI t:., en! dCCtJffCd 
at I 19 Ma tnurtru"l.Icd Itl ;m ..,e ('If '\1 ~ ., ~foI j.,r MMhh I 
Ruen.:" motulUrJ 

End or 1M Jaramillo 
/JOl'1I f!1 01. II'MIK. TaNe~. "'It' S lKJ m.JK.<tIC'lJ Ih.lI rhe JNS 

ended aillbol/f I).W) Ma Oa\of:d on., K·Ar ,.;U'lIf. ... nc.iJItC vf 0.907 
!:. 0.028 Ma for lhe rC'\lcr.cly rruq:IWl"C~ my,,,"c d~ ,,' 
Cerm Santa RO<\,;I I. The), ",wf1lC'd nul tlu, mY'''llc 111/".. 

exlruded ncar rhe end ",I' .hl! JNS ht:4CJJ."IC uf il .. IlJIcrmt'di.atc 
rmtJlllCtic poIan'Y· Our anatyhcal d:.tta rrahk if tUJ '\~ ...,a,,, ttl' 
the ~nidine c,m(cnrm'c dared b~ IJrJ,.}1 rt tIl. 11w.K. TaNe ;\. 
"ite S381 have it writ:hied·nxm age of O.9tb ... O.Rn Ma. not 
!liamiflCanr'y oldtr than .he.r K·Ar a,ec uf (1'i07 ~. o.()~ MOl. 
Thc-.c $Iatislically concordant agel> of 0."'1" Ma and 0 . .,.,7 Ma 
provide firm calibr.tllon poinh in the: M...llfya..,.... ('hro" r", 
delinealing the cnd of fhe JNS. A Itghlcr C'ahbr.. lton for rhe end 
of the JNS will be pr,..Mbfc when lhe alt' OInd m.agnclK; poLult)' 
of all of the ftoW'!IIh.a1 CORlpoo;e lhe ("cwi.. Can~ion Rhyollic tn 

YeJtowslone Nation.'1t P'cII1I. all.' dcrcrmincd. SanMfinc' fAJfl1 one 
of lhe ft~ has it weighted·mean .:liAr!'" Ar it(o!e of O.9~ '! 

O.OO:'i Ma (leT) and hal> rc\cr;c mattn..:lI, pulanly fR L Rc)" 
nokt... oral C(lmmumc.ation. I~ll. 

In ..umrnary. "'lme of ~tUr '\anidmc "I!C" fromthc revcr..cl~ 
magnetized rhyolite' dome.. of the Valle.. caldcl1I arc di,
linctly older Ihan K·Ar !\4midinc a~c, of Hurl! C" til. Il~. 
Tahle 31 and tsrc I!cncr.lll) com(JIIlihlc With "",111C of Ihe age.. 
of .4ip,,11 and McI)mIK(I/I [1'l92J. In confr....I. the .." Arl wAr 
age of sanidinc from Cc.:rm Sanla KtNt I .. nd (lhMdlim for 
Cerro del Medio rr are sfaljslkally concuR"'nl wilh the K-Ar 
age.. l)f OMII,', III. II%H).•IIAr/~'" Ar a~c d.ala of Tahk 3 
combined wirh that of Table" and Hgure 2 for Ivory CuaSI 
Ic"tites indicate thallhe JNS bepn OIl about 1.11 ~. 0.08 Ma 
"lne JNS ended before 0.92 Ma. pmbably all carl)' a .. 0.1,17 Ma 
baM!'d on the age and maJnelic polarity of the Lew;" Cany,", 
RhY(llile (FiLZure II. 

Matuyama-Brunhes Boundary 
Our isotopic agt' calibralion of Ihe GPTS ncar the MOO '!o 

ba,ed. in pan. on «'JArll'tAr age, of satntdinc from truc-e 
reversely magnelizcd rhyotite domes of lhe Valles c:.&ldercl 
(Cerro San Luis. Cerro Seco. and Cerm Sanla Ro!l.ll 11). Nine 
analyses of -sanidinc from Cerro San Luis yielded a wCIghl
cd'mean age of 0.812 :: 0.023 Ma ITabie 3). This ~sult is 
about 9% oJdt'r Ihan the analytically best K-Ar atte CO.710 !:. 

O.OIS Ma) for this rock ,iven by I).wlt ~I al. (1968, Table ~. 
Figure 12). The)' also gave anotMr K·Ar agt or 0.1145 :! 

0.074 Ma for samdine sample ~X 122. bUI this age hali a hip 
uncenainl),. lne olher IWO my.,lite domes ..:rucl.d 10 con
straining the time of the MBB arc Cem> Seco and Cerro 
Sanla Rosa II. Our data {Of four analy!llC'I of ~ntdine from 
each of lhese rhyolite dome\i. pve el>sentiatly identical 
re!iulls of 0.794 !: 0.007 Ma and 0.793 !: 0.018 Ma. The 
40Ar/WArascs are older than K·Ar agesofO.74S :!: O.OI~ Ma 
and 0.725 :!: 0.019 Mafor lhesc rocks reponed by Donl,(al. 
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APOCMr ~'~tkJn J'l"Itnt rc\t'v;lnl In the tHnc (lIthe: MUiJ 
'Wa\ obc.a.Incd by dllti~ untdlllc hum the rc\(:r~ty rn"Amc· 
Wed Oldelil ToN Tuft' 00 SUm.I6lr:J IChnnl'f. I'nlkl. Four 
1IAaJ)'~, tc'Wltcd In a we.,nl~d·mc_n ,,~(; of iI. 7~ : O.OOtt 
Ma (Tabl4" II Prt>vlou,ly. ~nidlnc (rum Ihl' rodi Willi 
CIAri"Ar daled by T. C. On"to(( ill n.M· n.(nO MillO;,,,, 
,., III .. 19171, ,,\Ina IknMR il\ a flueo!:c mcmllm AhhuuJth 
the twa .~ for UK ()ldht T{..n.1 'J un '-'iller ..". 0 .()'i M.. , they 
are nol liUtlllilkilU)' "dfcrnll ill the' IWIt ,il1m:1 level 

To e_tilbll\h • c.ilbbntlwn PliO! Wflhln c;,rh"'1 U,unhc!i 
timI:. We' aMJyud 2J ....r»dIM concentrate:' o( the Hi~hol' 
Tulf of ('."tem CaJ,f(l(tlta (Tahk ~ •. The t:h~h()1' hi" normill 
mapertC poWilY and W.li empfaced jll',t lifter Ihe M aH. The 
wetlht('d·mclII" qc: 0( I f ~nKfinC :tn3Iy..c' from ,in,le 
I~1u~I~fnwn the h..~1 air rail unit o( Ihe ",,,hop Tuff 
is 0.1b4 .t <flO" Ma. Twello'c liBC'" Wttc mCMurcd un it l:orBc 
IIIlftidine (~tra1C from .. j·m pumlCc boulder 11:'1'11 '" 01.• 

I_J from the upper .yro",e~·hcarini unil of Ihe Bi...hop 
Tuft'. A v.-eiIhted·me.aa * ofO.7S' ;! OJJ09 Mil wa... calcu· 
lated for the 12 ... which h "'laIlMj"dly identIcal to Ihe: 
.~ed·mean • ot ut\ldlOe from the h••~1 air fall unil. 
Jnverw: I:otn'!!ittion diap-..mli ILJu/r.wn"I., ,'I t/l., IIJ88I pre· 
pared from th~ytic&I data for tM IWO unit<. of Ihc Hi:o.hop 
an: shoYtn In Figure ], The correlation diagrdm agc for the 
b:uaJ atr raU unit 01' the Bishop , .. 0.764 !. 0.006 MOl. U3Ctly 
ttJc arne as the weipt.ed-mcan • of O. 764 ~ 0.005 Ma. 
Data rOf' the unidine or lhe upper clinopyroxene·bearing 
unit hne.an. 0('0.762 =0.006 Ma. nearly idem"..1to the 
wetatued-mean ... orO.1S7 =0.009 Ma. 

Qur-Ar/"Areecsof'O.764 !:O.OO5MaandO.1~7:: 0.009 
Ala for the two subunits of the Bi$hop Tuff di&cu!>..cd above 
are senerafly older Ihan (I t K-Ar ages for che: lkIme '1uhunils 
(Q.718 =0.003 Ma and 0.136 =0.005 Mill reponed by /:.nt 
rI oJ. {J9821 and (2) ..Ar/19Ar pIaIeau and total-fusion aj'les 
of 0.73 Ma and 0.74 Ma dct.ennined by lIurftltd lind Jiflm
",,"schmidl fl985J. Ttleir aa:e for the Hishop Tuff was 
detc:mlined using 8enMM muscovite and Bem4B biolile 
Iocace monit~. 8cm4M muscovite has an age uncertain 
by 1.5~ (Bllbi. 19171. Reeenlly. Pring/to t'l al. (19921 re· 
J'OI1ed • weiehtcd.... &Be for the upper unit of the Bishop 
Tuff of 0.759 ~ 0.00.1 in II paper dealing with rhe geochro
IIOio&Y oflhc Taupo Volcanic Zone. Their ~e . atl hough • hey 
did no( pn:tCftl supportitIg analytical data. is statistically 
~ishabk fromwr. of 0.757 Ma. 

Obvioui(Y. the isotopic a,es of revenely and normally 
mapetized vok.aM: rocks Oft either side of the MBB bracket 
but do not dale thk ~ic polarity chan,e. Howe\l~r. 
an estimate for the 111= of the MBB can be made by using it, 
.~k position in continent:aJ sedimenlary deposits 
relative to a _eel ~ horizoo such as the Bi$hop ash 
bed (cfitlal Bishop Tutr tephra). The Bishop ash bed O('.Curs 
O.6S In above the M88 ill sediments ofmeient Lake Tecopa. 
Califorma IHUI1JDUS' IUUI Cox, 1976, and 1.83 m above lhe 
boundary in wdimeals 0( ancient Lake Booneville. Utah 
(EardJ", ",al., 1m). Ualll (n the average nue or sedimen
tation {I mI6.~ Ka. between IWO isotopicaJly dated volcanic 
ash beds in the Burmester and Saltait corn in ancien( I..akc 
Bonneville (£.ur41t'y t'l al.. 1973. p. 2(2) and (2, rhe slra(i· 
craphiI; sepuation of 1.13 m between the Bishop ash (0.76 
Mal aad the UDderlyinc MBB in the 8urmetltcr core. SUJiC"l 
that lhe MBB 0ICCUJ'J"Cd about 12 Ka Won: the Bishop ash 
bod. was deposiled. or 811 • or 0.77 MIl for the MB8. The 

nell\ of 'he vd.rru:nh j~ m and )(J m. ,c:\pcc.:l,vcl)i) between 
the "Iahop nil bed (lZrtll"f lIl., 1'1701 havlO, an it,c of 0.76 
Ma and an overlying 1..1\(a Crcek JJ a~h Md (luff a"d 
WUtfll. 19821 having an qc ,,( O.h6-~'()7 Ma (lUll n al.. 
199211" the SIItl.llir and HIJ~\IC" core ho'e\ 

In Ihe 'Mcilie and Indian Ocean.. , Au\tr..I~'tan microtek· 
lilt" arc c:to~ly a'WX'latcd w,lh lhc Mlfa. The O.n·Ma qI: 

for the MHS. "'.. deduced abmlC. l\. c(Hnpatjblc w.t.. a 
wcighled'me'an ....,Ar''''Ar ajtA! of O. 7~ ! 0021 Ma (95% 
conhdclKC' lim" tor lhe CrTor f,( the meant for S4 :.nalt'it\ uf 
AII"Wdlallian ."ktlt.:, II;I'll ""d Ohrml""kh, l'lYlb. J992cJ. 
Morcovtr. we nblil'fK!d Of ...Art" Ar age or 0.'1 : 0, t Ma 0"' 

BISHOP TUFF. UPPER UNIT 

BISHOP TUFF t AIR-FALL UNIT 
0.004 I • II r r • I • I 
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~ 0.0021- " 
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O.OOt - ....., ... -~ 
" .... 

• l.,;;
°o~~~~~-a»~~-1~~~~,a»~~~-L~~~~~ 

(~)(~ ) 
fipft 3. Invcr5C correlation diagrams for analyses of 
sanidine from the- lower and upper unilS of lhe Bishop Tuft'0( 
hstern California. Inverse of fhe 'n((,Kept on the Jl-uis. of 
nS2 ror the lower unit of the Bishop TuB' rewlts in an ace of 
0.764 :t 0,006 Ma. Inv('rse of lhe in1m:ept on the "'...is of 
2111 for the uppcr unit of the Bishop Tuft' results in an ate or 
0.762 =0.006 Ma. The inverse, or the intcn:cpls on lhe 
y-axes of' (he 1\11.'0 diagram, indicate I.... the lrapped...,.. 
componenl has • <10Ar 10 "Ar ratio of 291 : 2 and 29S : 2 
for \he cwo units of lhe Bishop. nearly identic:allo lhe ratio 
of *hese RoInftiI!4i '!i~ i ...._~ __ uc:-urn.t~ 
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IlEIT AND ()a~Af)()VICl~: ..AR'l't AR AGE Of JARAMILLO AND MAllJY AMI\·tIIW NIII.S 

Ott a pvup o(:tO. Au.uatat.ian micm'~kHtc ... 'hc ,ubmillunc' 
ter cquivaJenu. of' Au",rala..ian It'klilc!,. rccnvc:rcd from core 
at IO.9S meleri below liCaft.)ur. Oce..n Drilling Program 
(OOP) lea 121 sile 7.'.B on Ih.: NrnelYc .. " Rid~c. cu..lern 
Indian Ocean lsee $miUI til .. 1991. Figure ~I. Th(~ .. , Ar/l'lAr 

.. 01 lM Au~traJasw. mic'rolc:klilc.. 109 ~. 0.1 Mlll " 
scondnaJy older than that 0( AU~lral~sjan Icklile~ tn.76'J! 
0.021 Ma). bur comMIerins their an.dylical unccnainli<:" al 
the l·a Stvel they are euentUaJly concord,,"1. Jmil ('1 (II. 

OWl] reponed that AUitraiasian mlcrou:klilCs arc C(lReci')' 

anued 32 em below the MBB at OOP ~ilc 75KB. Accordmg 10 
&mu (19891. the microtektiles reach Iheir maximum atmn· 
daace in revenely mape1izcd dcCp--~ ,orcs of lhe Pacitic; 
.... Indian Oceans leas of centimeters below the M8B. 
U.i,. dcpos:fj.t. rates computed from Ihe struligmphic 
position or 0 gem ilO'Copc li1aaC 19.1 and Ihe MBB in 
deep-wa cor • d; MtlUKal ,,/ al. 1199(1) reasoned thai the 
microIcklilCS II to the ocean floor aboul IS ka before the 
on_ of the Matuyama-druflhes lr,msjlion. If Australasian 
micn:ltettian arc: 0.77 Ma. the foregoing information indio 
<::ata .... the MBB ~c:d al O.75S Ma (calibrated using an 
aar: of SU.9 Ma for NMhb·l ftuenee monilor). 

Our inferred T or 0.77 Ma for the MBR is statistically 
c:ocnp8tible with Ari"Ar.5 of ha~alt la"," tlows CO.783 !. 

0.011 Ma) erupted during the Matuyama-8runhes transition 
oa MaW tILth; ~t 41•• '9921_ They poinfed our (hal one of the 
Masri basalt samples c~n for dating contained excess 
uaon. and others lost some argon after crystalli7..alion. 
Aitbouab the isochron • they reponed for Maui basalts is 
1lMJ)'ticaIly sound. some geochronologic studies have shown 
that ina1emental MJArlJIJ Ar ~ of whole rock basalts can 
yickI anomalous results (McD<lll~dll and /ll"f'bmn. 198H. p. 
33: BotJi. 1987. p. '491. Lack {}f detailed pelrogmphic 
~s ofthl! basalts dated by Babi ('/ til. £19921 make 
(he interpretation of Cheir f1:!WIt .. uncenain. 

CoadusioJls 
t. On the basis of·Ar/J'JAr ages of Ivory Coast tektites 

aad sanidine and obsidian ages from rhyolite domes ftow 
compIcU1i in the vanes caldera. the JNS began at about f. I ) 
Ma and ended bef~ 0.92 Ma. probably near 0.97 Ma. This 
~ for tbe lNS is 10% older than thaI proposed 
(0.9'1...0.90 Ma) by MtUfiin#.'1f and Dalrymple r1919) and most 
other commonly quoted geomagnetic polarity lime scales. 
Our cbtonolOlY for che JNS is nearly compatible with that 
proprtlICd by Shocldt1011 ttl 01. (1990). who based theirs 
(I.D1..;.Q.99 Ma, on It pha~ relationship match between the 
aatroaomical time sc:aJc and oxygen isotope calibrated cli· 
male ~ in c1ectMea corn. 

2. The MBB is bracketed between liIJAr/¥IAr sanidine 
ages of 0.79 Ma IUId 0.76 Ma (lhree reversely magnetized 
myolilc domes in New Muia> and pumice of ,he reversely 
mapetiz.ed Ol~t Toba Tuff and the nannally magnetired 
Bishop Tuff). 

3. Altboush brac:fceted between liIJlui ¥IAr ages of0.79 Ma 
andO;16 Ma, the q:eofthe MBB may be close to 0.77 Mil. This 
condusion is rCKhcd on the basis .xcomputed sedimentation 
mcs at cwo sila in !he western United Stales. and the fKltl\a( 
the MBB occun 1.83 m below a layer of distal Bishop Tuft' 
(O.76Ma) in the Burmester. Utah. core. 
. 4. Our ·All"Ardatifta of the MBB at 0.77 MB is about... 

Otl1rrm(lIt' [19791and 2-371 younger than Ihe <llU: .,f the MBB 
fO.79 Mit and ().1~ Ma, propoM:d hy )"hn.HJII ,,9821 and 
.\;/(tdd(!/on 1.'1 al. """"1. rCltpccljvely. Thc:)' ha!>Cd their 
daling or the MOB on (l phallc rc\aliOfl\hip mal.:h brtwecn 
the a .. lronomitJIl time: ~alc .,nd oxygen ;'01"1"< calibrated 
climale rccord!l in dccp·-.ea core' . 

Adml~". We apprCClale (i n l)alrympic', ec:ncrou. 
Invilall,)n to U!oC the: cnnl/nll"u" fa...:r ¥J Arll~ AI u;tlmg ..Yfolem 1ft 

Men'o Park. Ca'if"mliJ and h,,, un,w'IllIllC b~lr> ..nd glmlaoce in 
aper",ling lhe equipmcnr, In lHId,',un. he and EA. MankllJCn made 
available Sltnidine con.::enlrlllC~ ,10<.1 palcumalUtC"c curc:, u'llCd in che 
JliOlKerinll R·Ar and paICOINI,nel«: ,'udie:" .,f rhy.Jlllc", fmm tbe 
Valle!> caldera npor1ed b)' /)".-11 fwd /)ulry'mplr I Iw.&1 and [hlt'lll'l 
ul. 119681. Our won. benefile:d immenlK'I)' hecaulK' 'he} thou,lllllrull¥ 
curall:d sample" and minera' concenlralc:" Wc: Ibank al..o P. W 
Lipman and R. L. Smilh fOf lK'ndIOIl u ....... mpl(', of .he rhyohte," 0( 
lhe VallejO caldera. Ne'" Muico. and C. A. Chc:,t1(f r"r os !\ample 0( 

lhe Oldelt Toba Tuft' of SUlNltl"d. Roy (Jar" uf 'he SmilhWflliin 
Museum kindly provided u, WIth rrdr;mc:'nb of three IvOf''j' C'lit"l 
leklilcli. Wc: also thank ft. W.I..... yc:r. M. O. McWilliam,. a!\de. A.. 
Swishc-r for fhouJhtful reYic"', ,If thl~ !'ape" S"mrlC', con,...inin~ 
AU!ltraIH$illn micrlllektilc:'s wen' "IltOJinC'.d 'rom the <:ur.lll1r (lr tt..: 
International Ocean ()riUin~ Pml!r..m 
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