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.A p:.lt•nm:'l=""'''" allfl 1>:•/lr ~11n1: alud.\' o! 4( upJM!~ MIOCrM' alld 5'11'.1Cfl"'" \OOICalllr unl!ll frnon lh•· 
"'"'1!4ll'rft UniiPtl hlalf'a ltllt.l""'" thai IM frl"quf'IIC~ of rrv .. r•nla of 11\f' t'lrth"a mQ~t•llt: fwlu .;., '"" l•u· 
OCI"nl!' llmr m:t•· 1\.1\'1" ,.,..fn eomparahlr '<'lllltll:al flf lh<' lui :I.G m,,\', Allh""l!'' tl"' d:o::. .. , .. IlK• ltrnlto'flttt 
po.ormll Uw lorm.tl 1'1Mn11n~: ul "'"·' '"' ··• volaruy t'pocha or rvenu •• four pc.l•rur lr11MII1un~ h"''" "''''" 
1drnllflt'd: IJit' WIO 1\/N boUnd.al')' at 3.7 '"0,1 m,)'•• lh" AJ2 P:/)1 bou/ld:ar~· al -4.1• t 0,1 m.y .. lht• \\':1:: 
:0:/ll t.uund:~~ at 11.0 • o.:z m.~· .• and lhl" ~G nil-: bvunda~· al 10.8 • (1,!) • l.D m.,, .• Thr loll• of ~ol>JvlUit' 
ruoluttvn of K·Ar <1~~o11n._ 1n flldl"\' ruck• lndtC:IIPa 11\111 th .. u"" of ,..._.11 d .. fiiW!fl lllrattaraphlc: •ucl·•'""'o"" 
Itt ldcnllt.~· .•r>d datl" J)l'larll,\' tr:an•lllona ~a·tll bt- lm)XIrt.anl In lhr a.lud) uf l'lu.x:~·n<• o.nd uldcor rcu•r•ul•. 

RI!Ccmt palroma~:neuc ar.d JlOI:llllllum·ar~:on 
lilthiC r~aearch or- upprr Ccmozolc volc:~nlc 
rocks from t.h~ tintted States, Europe, Alrlea .and 
Rellll1on hU led to !he development of a lime 
st:llf. Of rever.ala Of llll' f.'arth'r. m..lJ:neliC f!cld 
l~r U!t' pa.~ 3.6 m.y. fl-4J. Thill r:~omat:netlc po· 
luUy llmt! licale conJIIItll or a aerier; or four cp• 
oclts, which are periOds or tlmt' durlnc which Uu! 
~ue field wu prcdom~~ntly or entirely o! 
1111r polarity, and three events, which arc like 
rpocha bur a.re abo\ll :ln ordt'r or m:&j;nlludc 
stoner tn ~raUor:. · 

Ekaldu conclualvc:ly ~monatr2t1ng th:~.t Ute 
nrlh• a magnt'tlc llrld h.u un~rgone frequcrnt 
and Irregularly apaced r.:!vera:dll or polarity In 
bit Cencnotc Ur.1e, the polart:y Ume ac:alc pro~ 
f!dea a d1atlncUve and world wide a.:tqul!nce or 
lllarply defined llmt! horl%ons that can be ullcd aa 
111 ald lO c:ortebUon and :liC! assignment ln 
IIBU&nphh: •tud1ea. The rccl'nl dlliCOYer)' or a 
m•raaJ atratl,;raphy tn dctop•an •edlntent 
corra {5, e] hu broadeMd lht> appllc:abUUy cr 
at rrverw Un.e acale to oceanographic re
W'arth, and geomagnetic reveraala provide vlt:ll 
ntder.ce for the Vlnc:•M;atthrwro theory of tho 
oenn floor 1pruc:Ung outv.':lrd !~c,m mld·<><:eanlc 
r1deea [7, 8}. 

In •1- ol the usdulncs11 ot the prcst'nt re• 
'"ul Ume ac:oille to beth te'!Ophy~lcs and to 
N."iil!traphy. Jt •eema worthwh:J~ to aucmpl to 

• ""bhctliOtl authorized by lhl' Dlr .. etor. u.s. Ct!o\OJ:I• 
nl Sllrvey. 

extend It beyond 3.G m.)'· ar,'l. Durtnr. the p:u.it 
yur our r(•r.c:lrCh on re\'er!lal:; 1\;&r. been dl• 
rc:ctt'd reward ~:allu.•rtnl! d.1U. on lhf.' frrqucnry 
:.nd l!mlnr. ol &:t'oma,:ncltl: rcvcrn:&ls durin!: up• 
per Miocene :and Phoccru~ lime. In this paper, 
we pre:INtl the rcsull.'l of cumbtncd p:llc:oma&:net· 
lc .. cuochrt'nomctrle lltud•c~ of -44 volcanic unilll 
from '''~ wc:.h:rn Unllcd Su.tcLo that r:ang~ in ~~1.' 
rrom ahout 2·1C m.)'• 

l'ot:n•Rium•:arr.on rt~unc W.:&ll done by tH:lnd:irli 
lll('llopr. dUutlon h!Chntquell u11lnr, :a bulb tracer 
system and a Rcynold.l#•lypc m:l:HI r.pec:trornctcr 
Cor mass :a~lyaea. Potalir.lum detcrmlna!l<lons 
wero m~dc! by Cl:t.mc photometry ualn~: a lithium 
intern:~.! utandard. Our criteria for ll«:lcc:llnc 
IIUJiablt' :o:amplrJJ for wholc•rock an:alyaca arc 
-:xpla.incd by Cox rl :1.1. r 4]. Detail a or Ute an:~.lyt- . 
!cal proct•durcl'l :and the rcr.ult" of our ~nal~·aea 
of Snterlabor:liOr)' atanltlrds ~rc dc11crl:X.rl by 
Lanpher.- :tnd Dalrymple [0]. 

The palcomagMllt r.amplln& can be cl:uiBHif!d 
Into two of th~ mar.nellc catcltl)rlca defined lJy 
Cox ct al. (-I}. For :JC or the units ahtdled, mul• 
Uplr oriented corea wcrr mr.:ur.urod In tho tal>o• 
ratory and macnrllc rll<tblllty teatr;. were m:tde on 
at lt-aKt 1 core (catcgol')' fltA). For 8 units, po• 
larlly dc!termlnaUcnl' werr m:uk.! on multiple 
hand samplen In the field with a port:tblc nuxJ:1111' 
m:&.:nctometer (10], and cores from at lca:st one 
or U!e hand samples were checked In the labor3· 
tory tor boll\ pol:ulty ':and m:a~:neuc 11tablll:y 
(category mD). The labontory m:~ognelle meaa· 
urementa and :a.c. dem::ar:neU:ullon cxpcrlmcntt~ 
were dr.me uslnr: cqulpmr.nt and tec:hnlq~:n dca
crlbttd by ti<K-11 :anct Cox [ll,l2], 

• 
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;;d. C. B. DALRYMJtLt .-lat. 

Tabl• Z 
Summary of PltocttiW radlomtfrlc: alld maptllc: diLl ror tJMr wea~rn Unit«! Stat~:•. DAta t11 parfntll~:~• are •••IPtot 
to liM' ~c!Midary arovp antt ar• not couWrr«t rtltable for ddtllln&tlw polarlly lim• Kale ror reuont diiC\11'" 111 I 

t~ '""'· H • normal polarUy, R • reverllt'd po\arlly. tnaJMllc ateaortuare t:liPI•Ined In lJie lnl, 

[ K•Ar aae ltla~llc l 
t:nlt """'" No. 10, y ·, c,., 

J'ol•rlly I· 
Cllf&Vey ! 

Rlu:.ol.ll • N'.r !:I n -·· '.NS ' 2.02 • o.oe ., .. , R InA I ... l'•rlllt ol Cr•nt• 114eM ,.. 
• •u n IUA . 

Pathw .w"r Andorll• Pua Wlt 3.).4 .. 0,11 J R IDA ' S.aall Mar ,\ncllorll.- Paaa W%1 3,$0 .. o.u \ 1\ Ill A ' J 
BIOIIUO a~alltr Mar Ancllorlltr Pa .. WlO :u:z • o.u \,"' ) n niA I 

dUll 
Jill !Ia 

~·" 

lJ. . 
determlna.Uonfi<t 
uon or the btod. 
ow any tl~tt~Uteut 

!iiOIIIt pattern, but flU· 
e bloUte h~t•'IN 
at the Iron ,,.,._, 

:»1 lh 
)1\d lh 

Ml nc lhe a&.fiO:\ exet;c 
sua]ly 
Gtm 
rocx 1 
occur 

,n ~.JI!U'CI'S8.cltl!' of t!•rr<> r;,...;,d. --~~ .. ~"' \&ItO :3.17 • 0.12 ... N" 
IJ .. Itll or /'funiYik l•lal'ld A3 4,04 • 0,12 14 

IUA ' 
liJ I) ' 

,. 10 
1t aile 

lar,e :LmO\IPt Of 
\nera.l. Tl\ln ate 
ndlcatll!l thAl tbt 

red at the Ume o( 
weathering. Appa. 
ration wi11 llUUIC' 
erefore conaldtr 

-

&Nil of Nuntv;ak Jalalld .u 
lth,·ollt. Ol :-lobo!! C:An:'OII w:IO 
llal'l&ll or Nunlvak hllal)d AJ2 
llu~ll or !'funlwalc ;aland AS 
&ull or NuniYIIIc lalalld A1l 
&.4.111 of Nuntnk lal~r!d Al7 
Qu:. l.alllr I'M'lll' l'rolv:adt'r':l :ia111•mlll W4 
JUNII or .-.unr~lt~ ~al&nd 

c~~-~AoJ.! 
AI!'. 

au 1•111 .. or :ianta ~lua 'lla)'gal !WU 
)....JYIX'!!l;>C)lr M' r Ab'4"'~' C·-i I Wll 

lblll<'snallp rorm.1:ron. UPP-"1' unl• ,WI~ 
I R.l~ll or NO!nlnlr. hllliM AI 
J Rllnod~"u" '',. ·" n.uft. WG 

"lttcu ... n.ak• formauon. lqo,o,.:or unit Wl4 

t"""'""'"'"'•,.CI•nc-,M •--- . - W% 
~toclo'"" Torm.ar."" 

I :~; S.a.all or llo~al llldttr 
.Jta~ll "( fah:.1ds:ta .,h:~t t. .. .J, & ...L.t w:J 

Uolult rw.ar CrookiO Ctt-t" .. WJ!I 
Atwl<'•ll~' nf ~~. p..,,,., .. Dom., W!l 

~liiP•ilUll:l.' io&Tili-' \ull u !Mhf"Vo:a" ;.;· n..,,..,~ "' n1 arA Can•·<>n 
I "Gillf' or TaDI., ;\luunto'lhl 

l 
...... 

l.allt• or Ibid Pcol\k W2ll 
,kn•·n-f".Q!~"....!!!•"~ C11wf;w wa 

. W~ldtd 1'.111 oil:)rt.'"''IH')' ··ormallon of Do-n I W16 e; at,. In 1201 
flloCitoo-""'"" lltllle tuff,...., Coowav Svmmll \~ 
DIOIIIQ'•aUI(JII! laUII! tutr north or :Oioiw_. l.akc: W24 

I 
BIOII\t'•;JUrUil" Iaiit. IUrt ll":.r AnChoriiC Vua W'>..l 
e.uh e;r Coyote n.u w:w 
!R&ull or O..top Srrlnp Valley) 

I 
tw:Jr,, 

Jl~rnblt"Jidq llncli"!'IIJI' lnlt'18lt111 IIC'lll' nlalrtldcrn 
P.hyotu ... luff or Dl"t!p Sprlnp VIIIJC'y 
Wddl!d lt~rr or Altun• rorm:at:on or Oorf 1::~) 
Rl!~·ollk lllfr ncar O;ull• Cr""k 
HYJWr athenr bual> or StonY Rid&• 
fth~·ollt.., luff n••r T'IO"t!lvc.o :"tl'llo Cretlc 

• a.r.mJ. 
•• Ref, l:Z:j. 

2. RESULTS 

Thl' :analytical d:lta for K·Ar llr,f!S :J.rl! pre· 
Jentt'd In catlle 1. For I':IC:h detc:rmlnatlr.m, an es• 
rtm:&te O( the slan-:brd devlaflon of prccl&ton W:U 
mlttk ustn:: the method .:f~'erl~d ~y Cox and 
Oall'}'ml)h.• (13). Wh~re multlpl~ determln:ulona 
were m.:ade, the i'e:Julls werll! .:u•er:.r:cd and the 
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preC:IIIIon e:~tlm"tcs were compounded by :tt.l:ld-
:1rd at:~tii111C:t1 tcchnlquel'l (14}. 
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·tuco ~ll:rmln;allons (6.$-4 m.y.). An X•ray ex• 
~1113\lon of 0\c bloctce wnh a dilfr:actometer dld 
" ~how any IIIJ:'lllflc:ant dt!p:arture from :1 normal 

clllllle pauern, l::iut opucal examination su~:~:rsta 
~~ lhc.o biotite hall been o~eldlud and hy~raled 
ml th:at thr sron lA mollll)l tn the- !rrrlc at:a:c. 
:hl'ln!: t"l' argon t'Xtr:lcllor, exper1ment, :an unu• 
sually lar.:c amount or wah!r wu rclea!'c.od from .--, 
'::t mlncr:al. Thin III!Ctlon r.xamlnatlon or the ' .. 
:-:.cit lndlc:ues Cl\:11 lllc oxidation :..nd 'hydr:ltlon 
;tcurrcd al the lime oC crystallization and Ill nol · · 
:.;;o lovtf.'athrrtn~:. Apparently, thll IIIIJ:hl druter-
~ a.ltt"ratlon wah 11uWclent to c:~u~c ar~:on lolls.. 
't~ lh,r<JIOrt' COnllldcr the C:tolculatcd :ll!l! or lht' 
,b,loC~IIe to be th~ bc~t approx\matl<-n of ttsc 
l;P ?f sample we. 

In our prt'\'lOU~J work. we h:t\'e found It con· 
frnlent to dJvldc the p:llt-om:tJ:Oellc•radlomclrlc 
~~Into a prlm~ry ctll:l aet, which Includes d:lt:l 
Nltab~y rl!lla!:lic for deflr.ln~ a OlllarHy lime 
10\e, and :a. les~ rc!lablc second;.!)• tUU l\Cl fl, 
llJ. Primary mU :...re thO!IC! th:at r.aii!ICY the fol• 
ta..·1n~ crlterl:.: 1) the mar:n-:Uc me:a11uremcnta 
l~lude laboratory tc!lta !or pol:trlly and I'IUblll• 
lj: 2) the c'!lm:llcd s~.;Lnd.:l.rd rle\'la:ton of precl-
1101'1 or the K•Ar at:c" II\ leu than or «JU~I to 
0.1 m.y. <Jr ~.~. wh\chevf!r II\ l;~.r.;er; 3) the 
m):nf.'tiC: and ar.e me:uiUrt'ml!nls werl! m:u.lc on 
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the ...amr or on tlme•l'<;ufV'.llent c:oollnc unua: 
and 4) lht' ®termln:allonK wcr..- m:adl! on retlablt' 
m:ltcrlal. Althou~h d:lt:a In the aecondU)' r.roup 
arr ,.;ausractory ror m:tony ~:coloi:\c purpo11c11 and 
can provide Ulleful lnlorm:ulon rt'latln~ 10 tht' 
polarity epoch time 11calc, 11 •• our opinion that 
they :rrc nol reliable rmou~:h tn b4! ual.'d In the.> 
formal namtnc of cpochl'l or evcntr.. 

Thr. data In lablr. 2 &allsly lht' erllerla for 
prlm:~ry cla.!llllll:o:~Uon except !or un1t11 Wl and 
W:i5, whleh ;tre aasl~:ned to the arcond:lry ~troup 
on the b:asla of the l:.r.:c unccrt;aln!lcs In tht
K•Ar ar.r dctcrmlnatlom> (Cir,. 1). 

Pr1m:1ry and 11ccond:lr~· cbt:'l :arc plotted 
llr,lllnr.l llml' In fir,. 2, WhiCh :tolliO llhOWII the rt:• 
Vt!r:>:al tlmr Neale for the bill J.G m.)'• Where.> 
lhc new dau overlap lht> prcvlou!ily dl.'to:rmlned 
rtmc scale, they ar11 In at~recment with 11. Prob• 
ably the mont lilrll;ln~ feature or lhc plot Is that 
no obvlOUII pattern :~f ru,•cr11al11 '" rcadlly :app:ar• 
t!nt. In view ol lhr~ llmllud number of d:lta., thl& 
Is not lmrprl!iln,, b<!cau11c tM pcrct-nUJ!e error 
In K·Ar tbttnr, varlrn :lt'ound a more or lc,u 
conr.Unt v=~Juc, wh« rca~ the abliolut«.> d:llln1~ error 
lnCrC;IIIC!l With iii:C. lf t!lc frequency Of roveru:iTs 
durlnh' Pliocene tlmr. .,..as almll:tor to that or the.> 
1:u1l 3,G m.y, (approxl m:~lc!y :!, 5 pola.rlly tran~~l· 
UoM per m.)'.), lhen for the c:~rly :~ond middle 
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rtc. 3. p.,,~~ntap of .ample a IJI;ot would ltavto normal 
~rlt)' lA 'I funetlon u( their J.:-Ar ICI!I, IUIImlniiC I *""& pr•claiOft o( •:J,O'I (IIJI!Kl.trd .:kvlallon) al'ld an 
.SL,IIl' .. ,.,plr denaUy. The! lt'fl•h&ntl column ahowa 
~ &a•~arn...l polarity Of lha .I"Omlpc!l\C field \hale~ 
••rmlll, do!l.on% • 1'1!verar.d), Tilt! ... umed polarlllea 
m.r !o 3.6 m.y. art' nnll~ly hypoU:t!llcal alld art! ,,._ 
~~~ only lo ahow the lou or rc•olvln( power or • 
l-A.r dalln& for the eariler pan of the rev.raalllme 
w.d ... "rMo c:u:-.to wu catC'tll&lf!if '"''"r: (he' prol.,hiiUr 

modcrl d•aC"rl~ by CoK alld Dodrympl .. [J3]. 

PUocene tht' d.lttnr: error~ wlll bto largt' rel:allvr 
to the lrn~:tha or pol:arll)• epxbs and muc:h IUA:rr 
than lht" avrrar:t> ~vrnl lcmcth. Thus ~en the ma
jor frah~rr:; or lbl.' middle and early PUocc:ne re
nra:al llmr ac:a.le arc- dlfrlcult to rt>llolvr. 

Th111 d!Hiculty In workm.: With prl'-Plelato• 
cene pol~uLty cl.lla h:u~ bo!en pre41cted ~ Cox and 
Dalrymple on l.he oasla of tht'orrllcal c:onsldc!ra· 
tiona £13). Fl,. 3 llhows the perc:enta~;r. or nor• 
mal un:t6 to be expected u a func:Uun nf lhelr 
age, :uuumlnr. thai the earth',; magnr.Uc: field 
h<l5 ch41nr.cd polarJiy as .shown :u the lr.rl•hand 
JIM of llll!' dl:Lt:ram (pol:arl!y tnnslllon~; older 
Ulan 3,6 m.y. aj!o arP. h)'POiht'Uc:al). Thl! c:urvc.o 
was c:a.lculated u&ln~: a r;l.;lncbrd de\'latlon or prt'· 
cl,;lon o( 3.a'.<, lor the d:lllnr; :.nd 111 b~sed on lln 
Infinite sample density throur.hout Uu: entire ar;t" 
ra.n~te. It I& a.pparl!nt !l"om the rtgureo ~hat polar!• 
ry n-ents will probably nor bt' dlslln.:ulshabll' 
from d:ltlng er:ors Sn rocks older lh:&n about 
6 m.y. t1 the random ~mpllng trr:hnlquell that 
were D\ICCC!ISCUI for dcCinlnf: the- lit'qucnce OC rr.
vrtAI5 :or lhl.' lllllt 3.6 m.)'., :are used, even 
major Pliocene pol:a.r1t:1 epochs wUI be! d1!flc:ull 
to define WithOUt an lmmCOliC ;,mount Of :tl~. 

The only re:ldlly dJsUnl:\ll3hablc features of 
the PLiocene revcrsa.l Umc aea.le a.rc four epoch 
or event boundarlcll. Of these, lhrc.-c arc r«!cog
niuble only bec:au!lc the relallonaMp between 
d:lled nol'm.:ll and reversed rockn could be! deter· 
Jnined dlrc:c:tly by lliJ?'Ir,raphlc auperposlt.lon. 
Thus, ll apj)"!:u•s \hat bound:lrles, cu;prela.Uy 
whon represented by superposed unllfl, \l'lU bt 
tdenllrla.blc: a•d uacrut ~>erorr ePQC:hll and events, 
and Lhat lhelli.tac or wull derJned atrattcr:aphlc 
auccea11lona will be increulnl!l)' important !n th~ 
atucty or PUoc:cM rcveraals. 

'For cue of ldenllftc:atlon and N:forence, we 
have etvrn the four reco~:nl;t;&blr bGunda.rlc:G 
h:mponry dcalgnaUona.r.:aeh bounda.ry 111 lden• 
tilled by lbc number or une or lbe ralcrv:anl .am
plea alone with the 11cr.:tc of the tr01.naltlon, I.e., 

Table3 
Jd•nllflablcr ~IIOC:I!I'tt' ~ll.l"lty b<Nnd~il"ll!l. and ~lr •P
proxlm.:ale po!Jiulclm••raon •11e1. 'nK' (,.) tlrure• lrt' 
"•Lim•h•a or lhl' UM'C'I'tAlnUu In buundary .,., aulcn-

11\l"nt• 11.1 thl' two-third11 CCII\fidenc:e level, -DoYm•rr dt-al£111Uon K~Ar a1., uoa >"> 
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C. D. DM.nYrofPLE 4'111. 

ri/R. for normal atrallar:aphtc:al over r.:veu~cL 
In actttltlon, an ~llllmated c:ol\!tdence lim\t h:ut 
DUn a .. llfled lo the ac• or each bounQry (L\b\~ 
3), The a11ea of three of the boundarle• can ~ 
a.,•an~d qull~ closely, but the upper llmi\ of the 
tourtb, lhe W3f R/N boundary~ la somewhat un• 
certain ~c:auae CM overlytnc r•nrH<I rock 
!\Ill~) J• • ~~~c:ond:ilry eta tum. Jn any cue, th~ 

· CJOUnd::u'y must be older than the ace or the re• 
nrA•d pulnla W23 and W34. 

Wllh the exception oC the four boundartn Uat• 
.. d ~n table 3, a· num~r or equally plauslb1e 1n· 
•crpret:&tlona are compatible wlth tJ:e rf!ma~nln~ 
F'llocen~ d2ta t( the 95% confidence limits or the! 
.a~:• cterermln;&tlnna .are considered. The: only 
:ldlnU~ st:alemttnt t.'l.lt r.an ~ madto at this Ume 
' that a minimum of three additional !)Oiarlly 
:-analllons must ~I .!It between the A12 N/R and 
at."W:12 NIR b<luncbrlt'IJ. ll doell not seem worth• 
:1'111~ to sp-!eul:uto beyond thla unUJ addlllonal 
::.ll:a are avall:a!>le. 

Follo.,.,lnf. ~re sample locations, the latcr:~l 
:l:tn of p;deom:.~P.UC s;unplctll, and pertinent 
o:olo;~c Lnf•o~rm;mon. Unless otherw1r.e nou:d, 
~~ c.b.ted !'arr.ple unu I& cl\her thr l'I:Unf! :al'l the 
.~.teomar,n ... uc s::~.nwlc!O or wu cc.llecled at lhtt 
.1.me loc:&lUy. With thr ~r.<c:opllon or W:J, which lr. 
o;uall flow. unlls Wl-"Nll ar~o~ volc:.nlc: domen 

·:1t w~re l'mplac:ed prior to the form~Uon or the 
;11lt'J Calder.~ In ~cw Mexico {15). Unit WS 111 
~~u:thl to be :he yo•lnt:est. TM· rem:1lnlng dom11s 
.n ~ d!vld-t'd ceqlo~tlcally ;nto C\wo KI"INPII, 
::h1n which the stnllgr:ipt\lc relallonllhlps C:ln
.: bet determined. Unlla W7·WO Corm lhc older 
·~up and units Wl, W2, W-4, we, WlO and WU 
~ounj!ttr group {lG}. 
:. Cu3J~ Mount:.aln, New Mexir.o, 1 :24 000 
-.;,/ quadrangle (1952). no::-th aldt of S~nta Cta• 

ra Canyon road, 15300 ft N. 10 W, or N.W. 
cor., · 1\eC. 20, T. 20 N., R. 6 E. Sevl!n 

"' s:amples sp:~~nn:n, 25 m. 7' Coal" Ptr:~unt:tln, New Mttxlco, 1 : 2-t 000 
quadrar.gl~ U!l52), north aldflo 'lt Sant:a Cia• 
n Canyon Road, 11100 It N. %0 W. o! N.W. 
cor., !'lt'C:. 20. T. 20 N., n. a E. !;even 
umplelt llp:umlntc 18 m. 

•• Calion ea. ~ew MeXico, 1 ~ 24 000 qu:uir:anglo 
(1953), 2!)00 H N. 42 1=;. of DM 7909 on rim 
or Poh•"dr.ra. Mea:.. Elghl ~mpiC"s 5p:an· 
ninl 35 m. • 

•. PQI~~ra Pt>:lJc, New Mt'xJeo, 1:24 000 
quadnn!(le (1953), on E. r,~dc or r?ad ncu 

Polvadera S:awmlll Camp, 1000 rc S. ~!. 
or BM '7178. Eight aamplu spanntn1 4.1m. 

W5. Polvadena Pnlt, Ne-w M~,;lco, 1: :Z-1 coo • 
quadrangle (11153), 7800 (lN. '72 W. of Pol· • 
vaden Peak VABM 11232, 9100 U cltn• 
Unn. Seven .amp lea apa.nnlnr; 20. m. 

"'WS. Polvadera P~alc, New Mextc:o, 1:24 OQl 
qu:adranale (l9Sl), In bottom ol Caii.l~ dtl 
OjUoa, ~600 n s. '7'1 W. ol DM 8272. Elpr 
aamplea spanning :to m. 

W7. Ca~da, New Mexico, 1: 2" 000 qu:~odr:a~lt 
- (1953), :!:. al~ of 1\land C:anyon Ro:ad, 1200 

fl, s. 60 w. or N.W. cor., aec:. 5, T. 17 N., 
R. 5 E. Elahl aamplen JSP:lnnlnlt 31 m. 

wa. Caruad:l, :~ew M~lco, 1: 2 .. ooo quadnn£lt 
(1953), N.C. 1ldc or road nc.ou Rancho C~· 
acb, on tpur 1600 Jt N. t6 E. or )Ill! ti:\6l. 
Nine samples spanning 45 m. 

W!). Frljolu, New Mexico, 1 : 24 000 qu~dr:ln,lt 
- (1953), "" to:adcut just N, or lookout tO"Wrr 

top of St. Petera Dome, El~hl nml)lrs 
• ~ apannlnc <fl m. 
~ Bland, New M~xtco, 1 : 24 000 qu:.dr:\ntlt 

(11153), N. s161o Hwy, ... 600 H N. 79 E. Ill 
DM Blsl2. Elgh: samples sp:ann1nlt :1'1 m. 

Wll. Polvadera Pe:alc, New Mexico, 1:24000 
quadnn~tle (1953), F.. llldC! of Ablq111• 

--·· • Creek, 2100 n N. 48 E. or hill 8879. El"'ll 
aamph:a apannlnc 11 m. 

Wl:t. Cranta, New Mo:xlco, 1:24 000 q11:\l~r~~:lr 
(1057), !000 Ct due w. ot N.£. c:l)r, or ate. 
1, T. 11 N., R. 9 W. Elghl :l!lmplcll ltPJn• 
nlng J:JOO m. Cieologlc: rd. r24), 

Wl:J. Jordan Valley, Oregon, tcbho, 1: :500Co0 
quadr:u.;Je (1958), T. 33 S., R. 40 E., OilY 
exposed at w:uer level on S.E. sllort c1 
reservoir !It d;lm "n Crooked Creek 3.8 k::l 
S.W. or confluence of Crooked and ~tile
snake Creeks. P.lght n:ampl!!s 11p:u:nJr.; 
llO m. Dctwccn 4!-s miles !II. E. e!lls t:ow II 
overla.lr. by SNllmenlJt th:&t conl:un tbt 
llemphUllan Rome Local Fauna of nwn• 
mala, blrd.J, !Ish and m~lluska. About a 
miles s.s.w. Jt overUtoll al!dlmenll tiW 
contain a Daratovl:lll mau1m.U fauna. ll apo 
~ara to be conUnuoua wltb b-.a~lt nows lO 
miles s.w. ~t ove1 Ue lhe Trout Crttk 
Formation qt Smith [25} "14'nlch c:ontaln5 l~lt 
Mloc:eno' nora and faun:t. r2$, 27 ), Samplt 
from m;~p unit Tb of ref. (t8}. 

W14. DayviUe, Oreg,n, 1: 12SOOO q\1'11nr.clr 
(1932), at:<:. 27, T. 12 S., n. 25 E., :!.IJI!I'<ll' 
lma~ely one•llltlf mile north or 8\ rch Cr«l 
School :.nd onc•fourth mile wes' oC Bird 
Creek at elevation 3300 Ct. !;(X a:t:n!lltt 
spallnlng 47 m from a lrl:~ble white rh)"Q' 

.. 
~ 
'=l 

·'1 
Ute 1\lfl a-10m lhlitL 
haa been reporteclltlf 
for a dltcerent outcrOp 
Rattlesnake J'ormat!Qr. 
relallonll\lp or CNrl:'a 
locality or Everncten et 
Jnakll nor& and fauna. 

WJ.f, but thcr. t• '" 
denc:e 10 dcrterm!ne wt 
the aame cooUn1 un!L 

w,, Same locallt7 u w: 
apannln1 :18 m from r 
lylngW14. 

WIG. Durn:~, Ore1011, 1: 
(195P), T. 20 S., R. :us 
from Drinkwater P:a11. 
nlng 100 m. Thi• rhyoll 
lowest membflr of the 
or Dowen et al., In Sl 
•tnlll.(np!Ucally bfllow 
n:1. of Hemphllllan age[: 
on a:a.nldine prevtoull11 
nme Joe~Uty. 

W17. Adcl, Oregon, 1:250001 
T. 311 S., R. 40 E., 2,4 
4S25, 30 m cut ol ~· 
elev:atlon 4800 rt. Ten 
80 m. From map unit T: 
m;~.p unll (Ttr) ts local: 
b~dll ol \he Trout C: 
Smtl.h (26J which cnntc 
CenCI Tto\lt Crel'k nora 
of early ancl la.le (?) n 
The exact slnUrr;aphJc 
ll:tmple to the rosan-b 
known. 

W18. Jordan V:~.Uey, Oregon. 
quadranillt! (1958), T. :J' 
m eul or nnch on Ba.tt: 
plea apa.nnlng 35 m. fr 
(18J. At our sample loe 
overUea aedtmenta tha 
mammilla and are lhou~ 
(25) to the Trout Creelt 1 
{26]. See notcos for W1'1. 

Wl9. Jlur.toon Valley, ! 
1:62 000 quadrangle (19! 
Hwy. 3J, 1300 (t N. 32 E. 
sam!lle• apanning 20 :: 
W21. 

WlO. 1200 fl N. 40 W. or W19 
Uon. 

W21. 200 fL N. 40 W. of W19 al 

'N2'-. VIrginia City, N~vilda, 1: 
~19~0), E. side IJf Lou&et 
S, of N. bound.uy, •~c. 2: 

-------.-----------------------·------~•~•T;-==~~·~~~.~~~-~.-.. ~--~.~·--~~.~·~•~•~.u~;_.~,~~~.---~~~------• - . . ·-·· .... -· 



, JOOO ft S. 32 t. 
a llpannlntt 43 111. 
-iexlc:o, 1: 24 DOG 

N. '72 W, or Pol• 
2, DlDO fl e:f'V2• 
lint: 20m. 
AexlCO, 1 : 24 000 
etm or Caiiact.. del 
f OM 8272. El!:lu 

24 000 quadrantlr 
:.nyon Road, l20C 
IIC:C:. ~. T. 17 K, 
•nnln~ 31 m. 
24 000 quadnr.;:lr 
u!ar Jbncho C:an· 
: & E. of hlll C~C3. 
m. 

2<1 00(1 quadr.Jn'l' 
• ot l':lOkout tower 
• E!ght um;:;ltl 

!4 000 fJUadrans;lr 
;oo rt N. 7D E. or 

l!pa:~nlnt: 37 m. 
Je?Clco, 1 : 24 COO 
lllde o! Abiquiu 
r hm B87D. El&.'~' 

H 000 quadr:ln,lr 
N.E. cor-. or si!C. 

,: umple11 r:pan• 
:. [24}. 
l¢1.ho. 1 ; 2:10 000 

;.. R. 40 E., flD"" 
on S.t. ahore ot 
·':<t'd Cretk 3.6 kl'l 
·OQketl :and JUttlt
~mpl•t» •p:~nntnc 
I N.E. thl• now Is 
tha.: c:ontaJ n O!r 
Fauna or nun~· 

>llullks. About l!l 
• aedlmenta tllal 
,~ t~una. II ap
. Lh b:ua\t flCNS 30 

the Trout Crrelt 
·tuc.h conlal~ ::ate 
f2~. 17}. Sarr.plt 

[11). 
1!J 000 quadran~lt 
R. 25 E., approx• 
·lh or Blrc:h Cr~ 
Uc: wut or Dlreh 
) n. SLx umples 
·lable wb.ltc rhyo-

...... 
'• .. . ~ . . 

_. . 

CF.O~IACNr.TIC f'Ol.AniT"I' l:J•OCII!l 1?1 

liiP tuff 6•10 m thlck. An aJte or &.4 m.y. 
~· been repotll!d by Evrrnden et al. f17) 
ror a dl!ferent outcrop or rhyoiHe {rom lhc 
RatUunake Form:auon. Wr do not know the 
rel.:allonshlp ol our a:amplc locality to the 
loc:alhv ol Everndc:n et :U. or to the Rattlc
•n.'!kl' 'nora and f4lun:a. Unit Wl :i overlie~> 
W14, but there Ia lnroutrlcl~nl Clcld r•;l• 
dcnC~ lO determine Whrther- both ::&r'C rrom 
lht r.amtt coolin, unit. CcoloJ;IC: rd. (l!l]. 

WIS. S:amc locaJUy u W14. Scvrn 5:lrniJICI> 
· llp:lnnlne :J8 m lrom red wt>ldl'd tuft over• 

lyln& W14. 
WI&, Durn.:, Orc~:on, ] : 2!i0 000 qu:adun~le 

(1!159), T. 20 S., n. 3C £ .• 1~0 m N. 30 E. 
from Drtnkwat~r P:as~. Tr.n a:ur.ple!O !!p:a,r,• 
nlr.g 100 m. Thla rhyolite wel~ed tu!C Is lht' 
low~rat m•·mbcr or the Ort:WIIt'Y •·orm:atlon 
of Bower. et al., In Shotwell (20), :.nd IIi 
atr:lllfp•apllJc::ally below the OrlnkW:lter lau· 
na of Jfemphllltan :ar.c [20!. Ar.e or 8.9 m.y. 
on a:tnldlnc prevlounly reported (17J frorn 
same lo<:altty. 

Wl'i. Adcl, Orrton, 1: ::~0 000 qu:ldr:lnr,!e ~19!18), 
·r. 3C S., R. 40 E., 2.4 km south of Ranch 
4!12:i, 30 n. cut o[ Twelvr. Mill' Creek at 
elt"l'.ttion 4800 ft. Ten 11:\mple11 spanr.lns: 
80 m. From map unit Ttr or r~f. [23J. Thl:; 
m:ap unll ('l'lr) Ia loc:ally tntrr~dd~d wJUl 
beds of the Trout Creek Formation of 
Smltl'l (2G J wtuch con~IM the uppcrr Mio• 
c.en~ Trout CrC'ek fior:l r21) .:.tnd m:4mm~l~> 
of e::t.rh• and btc (?) D.1 rntovl.:w :ar.tt {2S J. 
The exact otr:a.ttcnPhlc: rcbtlonshlp o! our 
~pie to lhe Co~~t~ll·be:.rln~: b<'dn lu nol 
known. 

Wl8. Jordan Valley, Orecon, Td:lho, 1: 2~001:10 
qc:ulrang.1e (1958), '!'. 37 S., R. <C3 E., 100 
m eut .:>C ranch on n:.ttle Creek. Six 11:1.m• 
pies •p:ulll.iniC 3~ m. From unit '!lr or rcr. 
(18}. At our ll::t.mple locality m:ll) unit Ttr 
overlies aedlmentJI lhal cont.:Un D:t.rslovl~n 
m.4mm:ala al'd :a.re U'lout~ht to be fXtulvalent 
fZ:i) to Lhe Trout Creek Form:allon or Smith 
f:Z6j. See note~> fo:- wn. 

'119. Huntoon V:..lley, ~ev:u.u•Callfor-nla, 
1:82000 quadrancle (l!iSS), 700:t'N.W. of 
Uwy. 31, 1300 ft N. 32 E. o( DM 7401. Nine 
~m,les 11pann1n.-; 20 m. t1ndttrll~s unit 
W21. 

'1120, 1200 Ct N. o40 W. of WlO o:~t 7'/20 fl rleva• 
Uon. 

I'll. 200 It N. "0 W. or W19 at 7530 fl elev:dlon. 
\'22, Vlrglnla City, ~cvada, 1:62 500 qu;ul:ana;le 

(1950), E. •ldr. of LouMtown Creek, 500 ft 
S. or N. bound:u-y, llt'C. 21, T. 18 N •• R. 21 

E. Sceond (low :above.' creek. Six r;ampler; 
Rp:&nnlnJ: ~3 m. Cnll!i W23·W2~ and W32 
arc all dlr~llncllvr b1olltr•::au~:lle latlle 
wcldt'd tuff& lh:il m:ay bo p:arl of the ~>amt' 
~rupllv~ 11equcnce r:ztj. 

W23. Huntoon Vallt'y, ~tovad:I·C:tllfornta, 

1: C2 ~00 qu:'ldran~lc (1958), 500ft S. 30 W. 
or DM 7257, :SO !I ~.W. of Hw>'• 31. 

W24. Dodle, Callfornl:t, 1 : C2 500 qu~dr:anclr. 

(10!18), SWl or sw~ of nee. :Zo!, T. :1 N .. n. 
2C E. Elr,ht fi:•.mples npannlnr. 27 m. 

W2~. Dodlc, CaiUornl~. 1 : C2 500 qu:adr:~:~r.lt' 
(1958), In ro:adc:ut on llwy, 395, 600 U due 
S. of DM 'T!itl•t !\In(' r.:~mplc:~ r;p:annlnr. 
:JO m. 

W2G. Alluras, Calllurnla, 1 : &:! !.00 quadr:anr.le 
(l!lCJ), 1-'W earner of SEr. JSL'C:. 17, T. 42 
t;,, R. :1 E •• 30 m noutli of llwy. 29!1 at 
r.levatlon of•lliO fl, Thrcm ~<:tmph!ll &p:anntnr. 
12 m rr-om upJ>flr c:oolln1: unit :1.11d ne\•en 
rample& upann1n1: 5'1 m rr-om ul\derl>•tnr. 
unit arc all norm:al. Dah•d r.ample tram 
lowt:'r unit. The- Altur~r. Formallofl or Dorr 
(28} contain!l l!l.'mphllllan fauna :and flora 
and ha!\ alt>o v1clrJcd a ninr.l<' r;pcclmen or a 
I.larMO\'Ian mamm:~o! but the lltr:!.liCI'olphiC' 
control on thcr.c fo!>r.\lr. iR poor. Evcrnd<!n 
ct al. fl7J obl:&lnr.d a K•l\r :ICc Clf 8.1 m.r. 
from the Altur:c!l Forma~!on. Thr. rl'l:~!lon· 
r.hlp o! sample WZG to the fo~r.tl toc::clnler. 
and to lhe un!l dJ.II.'d by £,•crndrn cl aJ. I!! 
unknown. 

W27. Dialndcn, Callfo:-nla, 1: G2 500 qu:cdrant:l,. 
(19!iG), ~'El or SE! or liCC. lG (two /l:lmples) 
and swt or llt!C:. :5, T. 23 N., n. 13 E (two 
s:amplert). 

W28. 1.UUord, C;.IHornl:a, 1 : GZ !iOO qu~dr:a.nr,le 
(1050), SE i of SW tor tJrc. 11, T. 27 N., R. 
lG E., :at VADM fi!J!)8. Ten' $:lmp\e& span~ 
nin~; 15 m. Tlllll Is the liJlJH!rrnont or ll r.e· 
rlen 'l! 12 l:wa !\ow:>, n.ll o{ which a.rc nor• 
matiy m:~gnctlxcd. 

W2!1. DarQMlll!& Con~. Callfornl:c, 1 : fi2 ~00 
quadr:lnr,lc (lO:iG), 9200 ft elevation on S. 
r!d(.t' or D.1ld Pc:tk. ,.......o adjac:r.nt a:amplen • 
Thl.r; ]:atlte flo\1.' ovcrllcn W3Z, but 111 IIepa· 
nt~d from ll by:~ ::.1m1l:'r- l:w:o. flow th:n tn 
alao nor-m:~.t:y rnar.nrU:.cd. Ceolor.lc ref. 
~21 ). 

W30. M:~.rklrvllle, C:lll!ornla., l: li2 :iOO quadran
&le (l~5G), !let:. 1G (unnurvcyed), T. 8 N., 
n. 20 E., N. 41 w. trom l1f&hland Pc:ak .:at 
clcv:a.tlon 8100 fl. :-:Inc ro:t.rnples !lpnnnlnJ: 
4!i m. Ceolor,ic ret. {~1 J. 

'N31. Donner Poaa&, C:aHfornta, 1 : lj2 500 ctu:ad· 
nnclc (195!'1), 1000 m caol from t-."W cor. 

.. 
IJ. 
~~: 
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c;. D. DALRYMI'l..E ~>I al, 

Hill. F\0111 111 ~ m a~ve 11e:a ~cvel. fwr 
ump\u. 

OVl' r • ,YIN III .f/1' 
Scle!nce l!oO Ut,t 

or s~c. 17, T. 1.1 N., R. 1~ E., :u e\~v:lLIOn ?600ft. Seven samplt'll ap:annln!( 13 m. G~~ AU. Nunlvak I11l:t.nd, 1 : 63 360 quadran~tle 11hrfl ,\8 (1952), Capr: A\t:On(!Uin. 1'Ma Is lht "eoeond 00'» Crorn thl! bottom or thr: aecllons I expo.scd hero. Undcrllea un•t Al2. Sl.l l 
(tt M. A.l.aiiPhere 

ln~rlaborato~ 
J>OI.aiiAhlnl • 3-4,7. -. 

O\Oft\C ref. (21}. 

ll:&mple.a. 

tiD) I\. n. 00\\ll arit 
rrrna!K'nl ~ 
odl In P•ltrOiil 
llt'rdaJ!'I) In pre 

W:l2. Same locality :t.!t W29, at ~lev:UIOn 8880 fl. 'Two ll;unpll!'a l m apart. 'Thla cUsUncllvr. "'t>hkd tuff oc::uples the umetJtr:~.l\.:nPMc positiOn aa, and may~ tdcntlcallo, weld• ed turts th:ll :tr(' :.\so reversely m:~rncH-zcd A12. Nunl,.aX Jal~nd, 1 : 63 360 quadr.lnr.lc al\rtt A8 (1952), Cape Alr,onqu1n. ,;tr~IIJ-:raplll• j call)' :abeve and 2CO m norii\Wellt ol u1111 1 All. FOilr n:Lmptes. 

Ill) R. R. Dofll alf! 
ncnt m•~tllla s.•rv .. y l)ullr~~ 

:&nd occur 21 k.m to the west al Whll~cr Ducbnclles and 49 km to lh., we11t at Me· !Uy's Point. AL these IWO toe:d\tlt'S thr tuU dirc:ctly ovc.orllc.os a rcveraely m:ar.nctl:ed massive.- l~tlte now on 'hhlc Mountain (samplt- W:l3) to the wrst {21J. 1'he lltntttc.o• ~u~lll! \:ltlt., welded tuff :at Mc:K.ly's Potnt hall ~en dated at 9.1 m.y. {21\. Wl3. Columbia, CalUorn\a, t: 62 500 quadran~tlr. ll!H8), SE1 ol tt£1, sec. :10, 1'. 4 ~ •• n. \!1 E., on IIOUlh O:anlc or tbttlr.::~r.:lkl! Ill tl. Jo'lve ll:lmPII!II sr:~nnln.: '1 n\• Ccotoctt: rc(. [21] (see norc• for W32). IJ/34. BI:Jhop, Ca\ICorniJ., l: G2 500 qu:~drallr,l'! (l'H!I), 7:i0 m rl. 33 W. from SE ~:or. or see. 19, 'r. 7 S.. n. 32 E. El1~ht 5:lmples sp;Lnn~nr. 80 m. Crolos:lc ri!C. r2:!1. W:J~. Soldll!r P:a:~.s, C:a\lfornl:a-:>:cv:a<l;l., 1: t>'! ~00 qu:~dr:1n.:le UCJSO}, S. side o! Routt' 6:!, ';:,'W ~ or the ~w~. SI!C· 19, T. IJ s., n. :17 E:. Elr.ht :~:ul'lplc:~ spannlnlt 23~ m. Overlie!\ W:l&. G~toclc rer. {'Z.2J. W:Jii. Soldier P~.s!\, C:allrornt:a. l : &2 500 quad• J".)n~lc (1!l5Sl, SW ~ or SW r of :.ce. 2-4, T. G S., n. :16 £, St!Vcn s:amplrll :spannlnC 1!:.0 m. K•A:- samplt' !rom NEt oC SW}. 'r. G S., n.l7 E. t.ln<Serl\es W3:i. Ccoloi!IC rt!l. (22). Units Al·Al7 are :alkalic :and lholeltiC b:&,;:J.ll:s !rom the northW~!st cc::uu o[ Nunlv:lK ts\:.&nd In thl' !Jerlni; Sea. 'l'nere Ia no prr.v!O'JII I:P.Oiot:lc del'· crlptlon of the vo\can\c rocu from :o;unlv~. All 11amplc loc:alltle.s ~re sc:a elL(( e:cpo:~ure!:, and tho latcrr;~.l spread of samples \:~ :abOut 10 m :at each toc;~llty. M. Y.:unlv:lk lsl~r.d, 1:53 :JGO qu;adr:an1~le r.Mct A7 (1952), ~ook Point :at :~c:a level. Ovf!r• \a&n b:t unlt /1.2. Flvc ~:unp\cr.. ,\2. Nunl\':lk r .. t:and, l ~ G3 360 quadr;~ntle nh~:ct A7 (19~2), Dcoolt Point, 20 m :1bov~ unit Al. Four s:a.rnpl,.s. A3. Nun1v:U<. (!;land, 1: &3 :!GO qu:~ot1nn!:le li~cct ,\7 (1952), n.ooksm~ut. \ower or two ba· ~:a\t nows c~se!d north o! crc<'k :lt tMII \OC;tllly. fou:- .samplen. AS. ~u~v:Ut t:ltand, 1 : &3 3t>O qu;~.dr';U~~\1! t~hccl M {1052}, aouthe:a.st end or Kowcellk Dlufr, :,,'7 )(m wc:ot ot DM -12& on Klml.'\thoN\1. 

· .. J;..· 
-~------------------------------------~-=-::~·~=-~·-==---~~~--

NunlvaX 1al.an6, 1 ~ 63 360 quadnnr.le alltrt AG (1952), folalih U:a.rbor, 1.2 km north n( VAGM 158 at elevation 60 rr .. Sbt aampltL Nunlvax rsr:and, 1:63 360 qu:ui~OI~Ie llhfft A6 (1952), N:aah Har~r. capptnr. sc:l. c:lUI Immediately norlh ot VADM 15&. F011: 
namp\l!a. 

r 
We th:tnX Ed'lal:ard M:anklrocn. Edward Roth, ! ftlc:l:&l'd Jones :~nd Rene Dodmcr Cor ar.:rlr.Unu with the mar.ncuc mo:~.~~urcmcnts, and Wlllrr~ \ Oavi:J :lnd LoiS Schloeker !or a:I~I:~Uncr- with thf :trr.on :lnd !)<ltasctum mc:uure:ncntn, rr.r.pcc:tlvt· \y. C. 1\, ftcpr.nnlnr, c:ontrlbutrd va\u:lb\1! lnforn:a• ' lion concerning rclcv:1nl tou:~U localltlc~t. ThlJ work wa!l p:Htly Bupporrcd by Satlon;~l Scler.cr I Found:lllon vranl Cil-"'77, and pari w>~!l done 1n ttof I l;~'o<>r-atory o( ProCeD60r J. Vcrhooccn at tht~ L'n!• l verully or C:~lllornla, Dtor'kclc)'. :>Upported try I XaUol'\:1.\ Science 7oun~tion Cranl Cf':o\. f 
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\lilt. n,Oocll, C. n.o~trym?lt! ar.ll A.Ccx, C<-nt~»J• !· nl'IIC Jlnl:.ri!Y op<>elll, Slerr:~ ~e•:.lf.:a d.:al.:l 3, ~- • CeuphY•· nu. 71 n:u:Gl5!ll, • 

(1:!)1\.ll.Dao!ll •lid 
Cll!ld de!~PI· 
l'alt'orri.IJ!m'tlll 
1npr11u. 

II)) A. Cox and ~.I! 
E"om•f:!N!tiC: " 
pOI.l!lllun\•llf'&· 
prt'•"· 

{HI £,l.,Crow, F, 
ue• m•nlOAl 1 
I %0) :ZIIII J'P• 

(1."11 c.s. noa11, J\, 
!btl J:t'O\Oit'/ Of 
N<'W Mclllco C 
!19GII 1:l!t, 

lllilll.t..Smllh an 
lion. 

(111 J. r. ,.; .. t!rndPr 
JAtnlll', Pol.tt 
rrummallan c! 
sc:t. :c2 tl!IM 

llft)C' •. W,Willl..er 

t:Jil. It, Ool!ll and Ci,l.l. O:~tn·mplto, ~nrnar,Mil: tu' ' larll)' rpo<'h,, A MI!W pol~trll)" t•vcnl ;~114 thQ ,\ft.~ • 11\e Ul'\lnhcti•!\IO.IU)'O'Im;l \)0\ln\lary, :klf'nC,. 1.1: 't (lllGG) lOGO, 
'' l:!l ~·.!I. Cha~laun liM I, ~lcDQ<Jt1'1l• D~lln' r ... om:c• l · nellc polarii,Y t'Jl(lChll tn IU!unton, :->uturr 21011~1 ,. 

1212. (ol) A. Col(, D. !tt.llopklna al'ld C. n. Dal r,onple, Cto' ma~t~~tlll~ !)Oiartty cpoeha, Prlhltor lal~nc1A, ,\l~too ka. Ceo\. So<:t. Am. BUll. ?'1 {l~H:4) ~e:J, ;. t:.) C. C,A.IIIIrrl:t.Oft. Thct pal~omaJ:nCIIAm ol tlf't'P WI 1 :tt'<!lmenta, J. c;..ophya. ne~. 71 U':!GG) :t033. I. \GI N.O.O;!Cfrkc. JJ,CI:a!lll. J,D,Ihy• 11nd J. ~·~~~t~r. 1 l':~lt1oma~tiC Aludy oC AnL:IrCUC t!cufl ~c.:a cnl'<'l• S<:l~nr." I~ (l!>llG) :14:1, 1'7} ).'. ;, \' 1ne llnc1 D,ll. M:.tt!M'WI, :.t.:. .;ncllc ~n<ornallfl nvl!r o.;Panle rh!~;n, N11ture 1:1!1 p,r.J) :147, l8JI'.J,VInlllll\d J.'r.Wilooon, :O.I~lo.'ni.!tlll anom.~ll", ) 
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