
Paleomagnetic Correlations and Potassium-Argon

Dating of Middle Tertiary Ash-Flow Sheets in

the Eastern Great Basin, Nevada and Utah

ASSTRACT

Dircctions of nan,ral redranent n gttiza-
ri,n are used to ideniilv and corclare individ-

ual coohrs lnits in rln middlc Tertiary ash-

ios' o.ovince i" central ard casren Ncvada

md ;$leir Utah. Potasi n'argor dating

indicarcs that $c mnimum nme ber$'een
eruprions ol ;rdiridual but leneticalLl r€Lrtcd

A:Hor  c "  ' l i r c  '  r i s  s  on  th .  o rder . f r r .8  n ,  v

A\  fh  \  rn rer \JL  n  lo rg  in  .umpl  'n  $ (h  f l re

\..rlxr viriation ol rhe d;ccrion ol the seo
nagnetic 6eLd, inagiver roLcanic lrovince rhe

dirctiotr ol raruril drcrinrcdxne'lt masocr

izrLion;s a uniqu€ characte.i(ic oI each cooling

unit. Ash Ilo{-shects invtstisated nrchde rhe
Sbne Cabin Fordition, thc tu$ oI fan.&e

Sunnit, the Wnrdous Burre Fornation, thc

Needlcs lianpe Formatio,l. the Barcs llountxnr
Tu1T. and rhJtutrolClippu Gap, of Oliogccne

to carlr N'Iioc€re agc. 
'Ihe 

origirAl .rcas ot

individual ash-florv coolirs lnlts arc as sreat
as 8,000 hmj; rhc voludras, 1,100 km3. Thc

oaleonasnetic correhrions. mrdco\'er dFt ccs

io Lo 204 kd, con[rd most of Lhe prevntsly

n;dc Litholoqi. corrclations ard all(nv more

r<uro te  . l c l iner tLur  o t  s iL 'g le  c  
" l l ' g  -L  n i *

Thes t  .o td l i "ns  r rE  p  r f i cu l : r t )  u \e l '  t  r ^

thos parts of dre Bash ald Rargc prolnce

wlErc the Tcrrilry stnrilnPli. sectiiD .otr-

nsrsoainly of ash-ilow sheeLs. and the oulcrofs

rrc corlined to mountain lanses tbat are

rpantcd by alLuviurr filcd ralleys
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INTRODUCTION
The grcat reeional extent oI Tertidry $lr

llos' skits in dricasteLn Grcat BasinoINcv.da
andUrah w,s firsi clearl,v docun L.dtyi H.
Ilackin in 1960. Referring to ro.ks i. 

"estcrnUrah, he sLated tlut "some n ividual ignim-

Geolognal SocicL,v oflDrerica lulletin, r. El,lJ 1619 1638. 8 figs Junc 197]
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britcs arc hudd(ds ofli.r in thicLr€s over ar
erea nc.Nred in many rho$lnds ol square
niLes' ind spcculxrcd dut rh. crulnion ol tlle
l,undrcds oicubic nriles of garnlLed mgme
rcquned ro fornr mch igniDrb.ites took llace
ovir a ven,short period of tinc ,\n cxtensive
invesLigatii,n narle by Cook (1965) ol thc
TeLriarv ienhbrnc srqtigr.Phy in sst{!
Noadr coonibuted evidete PporLins
Ifucl'i!'s ideas on thc srcar latenl crtcnt and
rolunc olasL lrom such eruPrions CooL(1965)
used Deqascopic Md microscolic criteria d
we!1 c srrarigaphic rcL:rtions to corr.larc
nrdividuil ash flo.'s over dstances .s sicat as
100 ni or n!o(. Thcse c!trcria in.lude torxl
a, r rn,  :n ,1 r . l : t r ' .  pr ' r1 ' " r  i "ns o i  p l t ro
. r \ \Gi  nrut ,otnILA ! t . rv ' l
.^po"',.nrst 

""r".c 
ard degrcc of*eLdhg rnd

coloi; end posiriol nr dre stratisnphic se-
qfen .c .

R . . . n f  s " l n ! , . , n r l p t g  n r  r r n r r l r  J r l

. .L I rn  r r , :d r  t r . r  c r te  Ldr . l  r  r  I  J , l t leL !  to  tL ,L

'n f i r  Jnh !  cs t .L ' l i ' hcJ  b )  C. .1 -  (Nt . } ' -  J fd

S r e $ J r L .  L !  1 i  S r e r J r t  r n J  \ L K ! t ,  l r 7 0 i

Hose and BLrkc ,  1970;  No lan ,nd  o thers ,  in

nrcp.). Barusc the r$ltow she.ts @nstiture

i".i, a" ir.ponart clcm"t,,ldicTe Ltiary rocLs

ni much oi tlre Grat Bmin. they aLe Lhc most

rscluL Inits lnr reconstructins drc Terriary
geoL 'g i '  r r t " r r .  I tu  .  .1  r io .  _Lht )  rePresent
\u t . rD ic  c ruooo F  ! r  .u . r  \ r  l c \p rc t rL r  rJ ru rc

t|at it n dcsinbLe ro lerilv drc LithoLosic cor-

rclatnus olthe iodivnhnL rslr1low sltccts by aLr

indeperdcnt mctltd. During the cotrsc ot a

oe l "mr rne t rc  nvesns . ,L i rn  o i  n r idd l .  Ter f  i r ,

i .n . . , , r " ,  
"1 , '  

In  La  Cdt  l l . s in  {C,1 'mme
nnd illcltec, 1971) ,r becuc cviddrt drL dre

dirccronj of n.tual remancDt masdeLfauod
(NRM) in Feld.d ash-fldr shcets cdrLd provide.

a uniqre meaDs oi co(crarlng eipon'res or
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individual ., nling u niF or of \ho\vins rhem ru
be noncorclru\e. Io rhis prper qe remrr
resula of  rhe rpptLcar i "n of , l , ;  - *a" i , , ,
method ro ividcsprcad rvclded ash now sheets
n central and easrern Ncvada .nd (6r.rn
Ut)n.  rhar  ange n rg.  fnm 22 rn ts  m. l .  Thc
3\h t lo \  sneeL in\esf iqrLeJ inct rJe r I  Stone
Cabin ard Windous Bune Fonnadons fcook.
1965).  rhe NetJLes RJnse FonnJr ion tMrcki i_
l9t0y,  the Bate '  Mouni . r rn Tuf  ts te$rr t  rnd
NIcKce, 1968), and tNo thar h,;e 

"or Dre,
vnrusly been described nr detaiL. the tuti of
Ira!.aLe Sunmir and the tulT of CliDDe. caD.
Thc dnt'iburions or dres€ rcck e;;!","n i"
Figurc I, and dre dimensnrns of $,mc oI the
cooLing nons arc snmmarized in Table l. Wirh
dre e\ceprio! of rhe Needlcs Ransc Foinarion
and other biorire-rich rsh-Ho*, shiets oI snrihr
ige, 1t has proven posible to use narural
km,nefL mJgnLr izJr lon (NRM) due. tuons ro
del i ieare indiudul  .  'o l ,ng rn, |s  ovr .d6ranctr
as great as 190 km and areas as srcar ns 8.000
km'

Potassium-arson agc d€rei rations have
be€n made on biorite and sanidnre obr,ine,l
fron ividely separat€d localiries in scveral oI
th l  J jh- f ]o \ r  \hreE.  Uj ,s  rhe p i teooJereuL
correbnon. .  i r  hrs heen p is ,bte ;o," rke;  n."

esdmate of dre overall precision of thc age
mcasureDent of rhese tuil sheers.

PALEOMAGNETIC CORRELATION
METHOD

The mccesful use of thc direcrions ofNRN{
to cstablish conremloraneity or no.conrem-
pnrunciL)  in  adr  loN ,hcers (or  oLh€r !otc ln i l
r  ckt  dcpenJ'  u,  r rec l  cundLr ions:  i  |  )  The
NRI\ r  wa\  ac. tu, red L,y the roLk Jur i ,s  c .o l i fs
r l tcr  r rut r ion . , ,  J  {Js nJ r l  . l  ! ,  t t re  a lccr io ;
" f  rhc l "cL gcomJsner i i  E. td ar  rhrr  f inr .  ( / )
rhe rar .  ur  e iupLun . r  { t r .e$nr  \ot rJni .
units qes slow relirive to thc secular variari.i
of tne. dirccrion of the geomagnetic 6etd
lsevedr deglees to severaL r€ns of derrccs Der
.e!tury) so that successive cootin! ;its trive
sisrificanily ditTereni NRN,I d;ectios. (3) The
ortnral NRM dnections car bc clearLv identi-
lied in the evcrt oI later masnetiJ ,,ov*-
Drindns" and ca! be ncasured ;irL sumcGnr
lre*ion reLative to the anptitudc of secular
variatioD. (4) C.rlecrions ca; be ,,.dc Io. the
amourt and geometry oI tectonic deformatio!
s'Dseque^r ro etuprDn.

Paleomagnetkm of Ash-Flow Sheets
Hadtrton (195a) shorved thar individual

sanplitrg 8it.s. Di5iiibuiions ar. bascd in D,rr on th.
paLonasncrt ror.l,tions.

Fjgurc 1. Aral disdbrtions oftle asn.now shkr
of olisoccn. and cart Mio.cnc age in rhc 6s.rn cr.ar
Bash invesrigr!.d in this {udy, sdowing lolohagndic
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tufsheds ir. srratigophic seqnence couL.l be
dntnrsrshcd by va,irtions h tl,eir nugn.dc
properLrs. He szs thc nd 10 n,gg.sr tt,.l

ptions dishr L,c esrimar€d fiom dilT€€rces
in ,\R\4 dnecri.ns ksuiri.g 1;om scculu
laiarion .f the scomgncric Jicld lnd rh.r
misnet i .  r  r !p  ' r i . \  i  th f  Ie  u- t l  t  d . te i
-  *  r l "  l ,n , :L. r terr  

" fuJr  
i l  u . , l  tun sh.L, .

In Lhcir investisntiln oI thc Thirsty Canyol
TulI of gnLhen Ncvadr, NoLrle a others
(l!6E) used Lbc directicns of NII\I to .lisrir
slish and idcniii,a the Rockct \\:rsh N1.mb.i
xM dre Spe,rherd llcmber. LirhololicalLl
similaf ash flors sclirated by a complete cool-

A more d€lailed ard complctc p.l.o.u!neiic
study olasirglc ]'lcisLocene asLnos' sheet, the
BishopTr1Ih castcrn Californir, ras dadc bv
Dr l r )  n ! l  Jnd nrhe '  (L06:)  T l t r !  lou . l  'h i t
t h e . l i i . ' r i o \ .  N R \ t ' t ,  ! -  n ; . , 1 1 )  p r r a l l r l
droughout tl,e nujor part of fie ntti, over a
lrteral drLrncc of 60 hm a,rd a vcrLicrL tlticl-
nesoi l;0 m, and th,t NR\l di.ccriotrs within
rcnolitl,ic urcLmiors rvcrc patallcl to tfi:t of the
eoclosnrg tulT. S.vrral nnDo,hdt imrLidriols
result lrun rbis: (l) As l):'lrlmpLc.i,d orhc*
l l90 i r  rof lh t l r { i  . , l rL ,uuJh dr  Bnhn!  f ln  k
. on rn l nd  01  J  f '  mbc r  n i  €PJ rJ te  memb t6

(GiLbcrt, 1938), the unifdnit]' oI NRN,I
dtrccrions indicates tLat thci. eruption ind
cooling morRl over a sholt !.riod 01 tiDe
relahre to geonagrctlc sc.rLLar vaaanoni that
i,, Nithnr . 1e\v cetrru,ies or lc$. (2) Thc
IcnDmiure oI th€ tulT durnrs enpl.ccncnr
mdiorpmLirn *rs ullicicnrllihich t".imtirt
r new 'ugn.tratlor
clusiox; ths teqrerature Lnu\r havc bccn
grcaLcr dul dr Curic rcnrcnLurcs ol thc
incLusids rnd fterclorc probabl-v greater th:r
t80'C. (l) Tli. horizortal pLanar Iabric tlrt is
proni,rcnr ir Nrch ol the |!f,nd n Lhc rcsuLr
olcornoacrion rnd rvclclnrg Lrichr bc cxDcctcd
ro *u'i ,inoif'.".r ,t*".itic iell.ctio"'uf d'.

S]ILETS, NEVAJ)r\ r\NI) UTAH 1621

NRNI. citlter bccrusc of roisoLropy olnagnetic
ns.cptibihy (l'ullcr. 1t63) or bccrse ot
rotationolalready nagnetized matcrialdurnrg
the limL stages ofcoinpacti(n a welding.'fhe
unilormity oINI{\I direcrions throushui the
v..irbly wcldcd Lullar.L h rhc nrclL,sions shovs
tlur such a s]'stcmatic d€fledi.n did nor occur.
llecrusc dte llisltop Tu1I n r typicrl eramplt oI
a .rcldcd aslrllorv shcct, rhcsc .onclusiors rill
be csumed to hold nr sedernl.

The meruLcd CuLic tempentures of the
\v.1.1.d ash llow sheets io bc diJcu$cd belo\r
rangel iomtT0' to 630'C,  

"hcrers 
cs retcs o l

tenpentuLes ol rveldirg nnge lnrn i80' to
7i0 ' ( l  ! r  per l rps assrcrras90t l "  { l  (Ros ard
Sn,rh, 1961).:fhuswhilc Nclding rnd .oocoF
iranr pL.sric ilo{' below the Curie teopera-
ture uc not cnd..Ly rul.d ouL, th. fict thar
dosr drcirnordnarcnt masretization in vol-
c.nic iocksis acquuedovcf a range of rcmpd-
aturc o l  100'  n, .100'C o.mo,e belos ' thcCtrr ic
teDpdatuk (\rs:,tr. 196l) nrplies thrt essen-
tiJly ril rh. NRM nr dr.sc dnrlow jlrcc's is
rcaured alter weLding is complete.

In ortr$t ro dre ll;hot'[ 1, rn asFilos'
shcet h rviicli th. NRll dnc.tiors rrc lot
cvcryrvhcrc parallcL har bccr hrciris.r.d by
Gose (1970); tl,s n LILe s\.crt igdilnbrire of
Cd,L (1965). I'r a de|.ilcd nrdv of a sirrle
5irn drick cxroNr., Gosc lourd both .brupt
rnd gr.do.t .haDlcs nr NRIVI dirccrioD rclarn'c
ro refticaL to5iti(xr n, rhe $h flo\'.']he toral
allulaf v..irtnxr ann,unred ro nore tluo 60"
dd \'$ rcnrxli!.1y ln.rrrcrcd ro rcsuh Gom
rchcaLirg br the.lerLying ash Bo{'. Ii.ppcars
$at $is r':,irtnn h Nltl\l dirc.tnn is urural.
becausc aLthough uny oI thc aslr-flo$ drccrs
Lliscnsscd L'clow are overlain by larer or.s, \'c
lrrvc lound cach ol them to hcre unilonn
dncctnNof ma!!e'izrtion, vertic ly as weLLrs

Prccision of NRM Me.surem€nt

Str rLd metlx s rvcrcurd in LLc collccLut
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otoriented sanpLcs, neasuredenr ofNRN{, aDd
mJgn. r i z r r i  16 .  Cco-

nPnr .JLry  ̂f le r / red  cures  .o  e .L r . l  J t  rn r tna l \
01 abour l0 cm or more were obrained lor
sc \e ,a r  mr teB J r , ,ng  Lhc  oLrc rops  s  i r l ,  a  oor r
aL le  d r i l l - ( i . c  Due Jnd Cu\ ,  L !67J)  

'T l ,E

numbEr  o l  LUre \  rJkcn  J r  ear l r  nukro / r  rJ  r t .d
r ium luLr  to  e tshr ren ,  rn r . r tL )  r r ;  N l l I l
ofectrons nonc specinrn lonr crch core \!ere
m. rsured  s i th  J  \p  n fe r  mJrnerome(r  lDor l l
a rd  Cor .  Lah5.  LqoTb l ,  aDd \e . !ndr r \  .om
lonents oINRtrI q,e!c selecrivelv remo;ed bv
J l rc rnJr inE hc ld  ddnasn€r ia r i ;n  ! . i fe  rh l .
rqupnenr  d r \c r ibcd  h)  Doc tLaDt  Cor  ( lnu ;c l

ro r  musr  our . rop \ ,  d r r  d r rec ! !n5  o t  NRM
\ve,i grertt\ !uFtu! \vhen tir,r mcJ5uRJ,
probrDry  usrnS ru  remJsr " r i2J r ion  by  Lrphr

(cor.  I ' rLl ;  cohan, tr_01).
, \ l rernJ i rg-hr lJ  (J .  i . )  Jdnrenerar ; )n hd
pfuved exrremely n,cce$Iul i; removine rhe
serrndrr )  mJgner iar io f \ .  J \  n tu, torA n
FLgure 2. For d nlmLe, ot yt€., rtrE seronJtrr\
magneriation could Dot be conpl€rely;
moved lromonc or more individual sp4i;ens:
such \ t )e! ;mer \  $err  onr i r ted 1r  n r t re d l r l
t rna )  s i5.  Ihc jJr  orJI  Jr t  . , , fer iJ  tnr .erecr ,oo
ul irdi\_iJ-url \p{irnLB h{e been dF us\rtl bv
Du€u ( le lu)  . 'nd b\  Gro jn i  lLL l  or  F(
l l r ' l )  In  the Presefr  sork
spec,mens fron 1l sites (,f a iotat ot 58 snes)
Mrc r€Jecrcd; rhcse specimeDs ha.tncan NRNI

rhar rhr.e roor nre.n souare
argrlar dispcrsn,ns alvay lrom the meao ciirec_
rion. In no c$e *cre morc dun half the
sp€cimcDs rejecrcd, and rhe numbe!rvas usualv
one or tso. At oDly I of the 58 'ites wns ir ooi
possbre ro recover accuratcly rhe orisinal
magneriz2rion dirccrioni dris exccDtior {,iil be
Jn(Rid bctos.  r j r  dE rem, inderot  rh is  p:oer ,
$e ( .n NR I  Ni l l  be u5eLl  fo  mer;  rhe
renancnt nagnerizarion after r.t dcm:gnetiza-

+rL. turaL LncLdJi , r ics ru he nEr i ,s ibte.  rhe
pi . r i ,  n  o i  r "RM Jnrrn! re."" , , ; , ; ,T."o, lu
n,ch L,  a l lu$.  L l ' .  posrh l i  ,  .L  daf inguj \ t r i  ,s
i i 'cKs cruprLd a Le\  LLnt ! rnr  r l id .

Correction for Tectoric Deformatio,r
The srcaresr sou(c of eror in inteir;rs rhe

in. ,enL mrgL,cr tc  f ie td d ( . r jn f .  r r rn lhc
prernr  NRII  J  n. rof \  n  re\c  J+l tu\
snc.$ s ,e unc(ainty itr makirg cracr cor
rerrur !  lur  i ! rh f t r  Jefn.nJfun \ f r rmf td
sf tu! tu,J l  J i f \  in  the r ! , l ,ns !  n i r \  runge j rcm
0" ro.1E".  a\err t ing 1- . .  Tt , i , t r r ,  t . . -or , "m.
tuf i .u( r ,  p \  !  {  ld  LE.L Lrrn i reJ t rcm rrJer
lyng sedlnenrary rocks, but usuly ir l,as
, ie((sJ, \  ru rsc L l  E pr . '  Lr r  rut ,  o f  rh.  ish i lo$
rour 'ngun' r \  rhem{t \e\  Rn$anJ Smrrr  ( l , ro  )nN e por . rcr r  our  r r r  r r  I  r !  ! , t \  u f  u rdrr^rmed

ponLl  sLr t rcn r \er  r t rougt ,  drc\  ,n . , )  hre
D€en efupr . !  onLU rn n egutJ,  { r r ture.  ln  r lE

figur. 2. EE{,i\cn r, uf rkehariog-6.1J demas-
n.r'ztrnoo in r.morirg En.tohty drrc.red s(ondrrv
nagn€tiations. R.M.s, dispersion is rh. md.hs;_
squarc a.gular dnpc6ion about irrc ne,n r€moert
tusnciizarion dir.ciion aor e.h sn.. :fot nuhher.f
sirs i5 57. d€rugc trumberofsteumens ar c;ch sitcis 9.
,ndrp€k dcm,CntkmC Fcllls mhg. from i0 b 400

The parnmercr mosr contuonh, used ro
dr$ribe rhc itrterual !recision ofrh€iercrmina-

JBrer izJt io f  (RMl
oue t ron In a ruck ln i r  i .  dxr  (F,her .  ta i j l ,
tne s€mra s le 01 the cone (  rkred abouf  r tk
calcularcd mean d;ecrior rvirhh which rhere
is  a i  per .cnt  t ro l 'Jb,L, f l  rnJr  nrc IUe mrJn o l
r r re ob\e^ed d i recr ion\  l ( i .  F, , r  r t ,ese anr  f lu \v
,heets rh- .  lognthmic mon ot  r t t  \ . , t re \  ota, ,
r  r . r l '  JLter  n!mrgr( r id t ion.  Th ,  pkc j . i .n  r \
n ,8n conl )Jred srh rhe un.c{r inr icr  j .  rorn
pcrsatins for srructural d€ibrnarion, t{, bc
discussed iD rhe lexr section_ Bui assuming the
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I
I  rNof  OIsoctL* . 'nd l \ l i "cere . , 'h  l1o\  nreeF
I  r .h  : .  rh e udicd in  e l t .enrraL Nerr , la ,
I  rhe phmr sur l ,cc most  pf .minenr .n rny uut
I c"p n rt,e rop ol rhe d-'e\ se],]tJ z"rie anr]
I ooi Llr o'ighal f.p 'f thr drpu,it. shrrh
I  su l ly  l ,a '  ben mnt l i l , rd  L)  l i t ! r  r r .s ion I t
I  is  rersmbL tu J$urnc r l r i  ln  m.sr  in ' tJnces
I rhe tw" \r rL,cc' $cr mrh prnLltl. Tlr. tnor
I  n d i o m q s u r e m e r r  r  

" p n r L c r t L , r n  1 i ' i n d
I  usuaiy ot  rh.  

" , ,1e.  
, l  r2 ' r  rh.  .aor  rn srr  ke

I  mssurem€nr drp.n, l \  on the amount  of  d p,
I  beingot  the ord l r  or  1 i ' f . f rd i f r , " t tuLl2Lr"
I The corrcctior tror defornation is nade in
I  theru lway b1 r f iJJLns.  t l ' . , '  i \ ,  or . , tLof
I  o l thc beddrne oLr .  n,Lo Lh '  hor ;zonclar" '  nd

|  .  h" . - " ' ,1  i r i .  p , .  t tc l  ro f l re  ' r ike fh i .  r

I ruencc' oi ;"ho"ti ,r otl,er than dip and
I shike of the outcrop. ard is justilied becaur
I  m t h e c e n t m L G r c r L l l r i r  r f e s r n c n , r e s r . r  L t -

I  mA t rom dr lormrt ion in  la fer  Tetr iarv r im€
|  {e mnnLy bro i ' r  an ' r  '  nr r i {m.  .  inq l t rng r^
I  eeneol  o i  hrse nLEJ f ru l t  b l " .ks (Mr.k i r ,
I  ls r0t .  l "  o*  ' " r "n*  Lo b.  . lsrused belor ,
I the use of this method lcads to a serious e.u,
I but ii senedL ir hs proven valid- It iailL be
I shovnbelowthat the root-mer! squrreangolar
I deviadons olmean NRM d;ccdols at all sites
I  io  rhe 'a"ou '  

" ,q .  
, .h  f l ' t r \  rhech ,Jnsr  f rom

| 5.0 '  h  t0.6"  afm;.  {  r .L i !n  t ' r . ler , ' rnat ,on
I Tha. v,l'cs can be compated widt the l.og-
I rrithmic ncan olthc root-mean squarc atrguhr
I dispersions .l specnncn NRNT dnecrions 2t ali

r res (F ig 21,  s .s ' .  , r .  rhe ur ' . . . tJ , , t \  In  , l t ter
m i n r n g r h e  n  J , N l ( i \ { J i r e l L i . r . t J  L i  t L . r u p

i inpresrt-day ooLduhtc.s is nor as sreat es the
unced, ! , t y  ln  f ' l n \ t ! rmLn l  p r€ 'cn t  { i y  nYr r

drmrs  ro  r rc  .nL  'uord i r r fe5 .  r l  r r  I '  l i fd .
i needforincreasing thc precision ol thc o'gner

icneasurcDreDLs ihcdselves. In shorr, rhe nxg
netic De$uredcnts are morc Prccs€ thxn t|]c
structutul correco.ns.

?robability ofDiFe.ert Rock UniG Having
thc Sahe NRM Dir€ctions
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dircctior rhcy are fnn the sxmc eruption a
hcncc nay be correhrcd, rcllires additn'hl
iusrincation. Cox (1971) has pu'ide,l r
sratisticd lprrcach to thn problen bascd on
tfie a$umption that thc anqular depxrrurcs
t'"- th. icrn ficlrl directioir duc ro sccuLar
va.ixrion ovcr a lons pern of ltrne have the
proLrability dist d bu ridr givctr bI F$hd ( l95l).
Civen the NR\l d;ccr;or ol cooLng lrir ,,
$e wish to lind the probability P,., ofa cooling
unn ) ol ditTcrcnt ige luvins an NRM direc-
tior nor sisrilicantlv dilIercDt froD th,t of
cooLi,rs unit a.'Ihe eipr.$ioD otrained bv Cox
(1971) is

ll rwo occurredces of volcanic ft)cks that
dishr bc &(el,ted on rhe lrsis oI lhrsial
rDDeannr. and
cxjmpte,  n 

"  
. , r . ,op '  " i  " .u€,1 

iu [ ,  ru,n d r
to ha;e sienilicandv ililTerenr NRM dir€cdons,
ciearlv Lhiv cannot borh bc products oI the

"r"i'uptio" 
o"a .o.Li,'g t'isiory drd should

nor bc cotrelat€d. Thc opposite rscriion, rhat
if xvo volanic iocks of sl;iLar rppearance rnd
stntignllic posir;on have rhe same NRN{

ivhcre K is d\e Drc.$ion Darrneter (Fishcr,
19531 drscribhg- the mpLrtnde oI sccular
mri:itior during-rhe peLni ol tinic under coD-
side.Iion, 6. n the anglc bcnveen the NRV
di.cciion ot coolhs unit d and th€ m..n lickl
J i r e . r i . n  r {  L l J t  p ! r n d . r  t i i n r  . i n  l o .  r r d
. 'o , r  th . .  u^ o i  f l rc  0-  rLrrcnL L.n l iden.F
radius ar;1or cooLing unirsa and,, res|ectirel)-

Foi ihe interv,l from 22 to 17 ir.y. igo, thc
mcan prleomaeretic licld direction h the Gre.t
Basin-(iLLespeirivc of sign) r'o ls.s" rvest ol
north add 5+.1'dowtrNrfd, rnd $e dispersbn
ol 67 nrdcoeDdenr. obse.vcd \RNf direcrions
^1,."t thii m-r is des.ribcd by lt = t0.0
(GromDi and N4cltcc, l97l). Clf drcsc 67
NRNI directions, all represenring dillctcnt
poi l is  in  r in ic ,3 l  , ,e  nornrx l  .nd 36 are
ieversed; hcrce there is approximateLl t0 per
ceDr probabilitl ol cooling unir , h,vnrs thc
NRl l  Dolant \  ' ,npo ' iL t  l r "o c .  ' l i  Ls uni t  , .
B,cu. !  ' ,  t l r  . ;d" l  " l  

o"  ( l r la)  i r  \Js
asumed that rlL tle roclc undcr coDsidciation
u'ere eruptcd durins one pol..iry epoch, the
orobabi l i t ies P ' . r  tL ' . ' t  JDo\  ln  rht  t ,L t \ t i r
i:r,c are or l'.rlr Lhose rjL;llftJ Iom rhe

FoL tLe purposes of drcsc calcllarions, rhe
releEnce NRNf directi(n (d) 1or cach ash'Row
cooLnrs unir f iLL be trken to be rhrt at the typc
locality or releLcncc locality sFcined ivLcn thc
unit rvas lormally named. YAhes of 6. range
fr.m 7' to 64' and caLculared probabilities
P'., frod 0.005 t. 0.0000i. For smalL valtres
of P, when nx,re thrn tlvo rocLs are empled,
say units a, /, and r, the probabilit) P",1," that
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unit, o! unit. $iLl Lave die sadc NRN,l direc-

P . . r , . : P . , d + 1 1 . .

In this siudy dre nunrber ol localirics sanpled
in each ash-florv nr rddiLion to the reterence
LocaLities ranscs fron 3 to 8, add the cor
responding overalL probabiLities P'.,a . . ."
ranse from 0.05 to 0.0002. Thus, in the least
iavoFble mr encouorcrcd in this study, th€re
is onLy a 5 percenr LikcLihood that one oi the
correlaliors is in error.

CORRELATIONS OF COOLINC T'NITS

Stone Cabin FormatioD

As mmed and desdibcd by Cook (1965), tlt
tvDe sectior oI the Srone Cabin Fo.mation is
8.2 ni southeast of Cumnt in seclioDs 5 and 6,
T. 9 N., R. 59 E., Nye Countl'. It consists ol
nvo crystal-.ich ash-florv slccts. The loweL
sheet has been renancd the Calloway weLi
F{{n2tion bv Scort (1966) and,\rmnro.r
(Lr tur  a '  5r ! '€  s  h ich r .  n" t  i<rc adopted.  T l , i
sronc Crbin-FonnrtLun i5 the oldesi rh l]"w
sequence in dE e.stcrn Great B'sin T€rd.ry
s lL ic ic  r !1 . . ' i ic  prov inc€.  Be.rusr  r l t r  lo$er
. o o l i , s u r i r i s o n l r  r . r v  d r e h t l v " e l d e d ,  i r * : .
oor  saio led r , "  DLcorusrcr i .  srudt .  a l l  d , .
oalc"nrln.ti. .,-pls icre c'nl.cted trom
iou. Io.",L;ti"r h the noderately to highLy
welded upper coolitrg unit. TLe NRNI direc'
tions and associated panmetcb arc givetr in
Table 2, and the NRN4 direcrions rnd thc
geognphrc ,Jntnbr t ior  of  the up1. t r  tool ing
unr r re shorvr  in  F ig lk  1.  Nune u l  r l re  to l r
NRM di.eciions coincides wirh any other but
all arc similar. TaLing locality SJ, the type
section (CooL, 1965), as the reference direction,
the vaLue of tLe probabilily P' tur three add;
tiotuLl locahics is only 0.0002i in othcr wolds,
the NRN.I direclions observ€d in the Stone
Cabin Folmatior are disri.crile. Notealso that
the diFerence nr NRN{ directions bcsveen
sites 53 and 54, rvhere the geologi. corcLation
is .ery eood (O'"k,  Lq6i ,  Scor l ,  1466),  is
g. r rer  tha"  th.  d i fcrcn.e between sts 53
aod Sl, which are 70 kn apa.t and where cor
relali.,n is less ccrtain (Fis. 3). Ar all lour sit€s
rhe ph\{ .J l  specl  of  th t  uppcr  cool inA rnn is
tlr '.me, a. rle*"bed by aooL (L9bt). Jnd
wirh the exception olsite 53, where n ovcrlics
the lower cooLiog unit, the upper cooling unit
is the oldesr wclded tulT in the Tertiary section.
The uDique NltM dncctions combined wirh

sn hr physicrl rppcarance and stratigraphic
lcition.mkc thc cotrehtnn shorvr iu Figure

Tbat e measurerl NRNI di.ccrions ir the
uppe! oolinq urir oi dre Stone Cabin Forni-
t;; do nor aohcide is most liLely due to u!
cc.tanny in correct;ls for defornation. This
corccri.n ma-v be eldLrarcd by conparing the
dispe$rxr ol NRM directions belole rod rfLer
unfoldilg as in Table 3. 

'fhe 
.lispersion oI rhc

dircctions is reduced 2fte. uDtolding (thc
precision Frametef k in.rc.sct bur dt result
is no sratisticrlly signiicart at ll1e 95 ltrcert
co Ldence lcvcl according n, dle test of ltlc-
Elh ry (1964). 'Ihe usefutress ot tltn conr
parison is lnriteJ because thc number olsites;s
iuall and eLL $c sanpled exposures dip in
slnilar di.ccrions at Io$ arsles.

The upper cooling unit oI thc Stone Cabin
FormationoccuF, as shoivn nr Figures I and J,
o[Ly in the Pancrkc, Whitc t]ine, and Grant
Ranees and has a disiribution quite di$erert
fron rhat given by cmk (1965) Ior both
rool ing uni6.  wr  hJ\ r  i .  'L , rd Lhr  upler  cool lng
unir  to  exten, l ,bouL 60 lm ta. the!  nur th$est
of the town 01 Curranr thaD ia.s shoiv; by
Cook, btrt the upper cooiing unn is greally
restrictcd rclative ro the lowe. coolirg lrir
mLthcast and southwest ofsnes SJ.nd S+ (fig.
3). The ma\inm lnrerxL extcrt of the upter
cooLinq unit is90 to 100 km, its arca is loughLy
2,000 Lm1, 2!d iis volume is on rhe order ol
350 kn3.

TtrlT of Pancake SuDmit

TLe $'nrdors Burte Fom,tn,n $2s shown
b) Cook ( l ros l  J '  er tcnJins l rom iB ' )pe
,c. r ior  r i  rhe ru i  L  e iJ  o l  rhc Gnrr  Rr f re
(F,s.  L)  ndrL)  rs  far  for th a '  EureLJ (h, .
3q.5 ' )  r ,d  $e\rq: rd 3t  err  tn  lons.  11h.s" .
lve havc found that the northlveste.n exlosu.cs
ot iveldcd tuti considered bt' Cook io bc part
of $e Windous Butre Fornatior arc i$tead
nrt  {  In  ,JJrr  l i rholos i raLh s n i lar  c , r . t r l
irh ^lL-llor $eelvh ch rve tr I ..'lL the tuF"f
Pancake Sumnit- This urit, *lich grcatly
resembles the urderlynrg Stone Cabnr Forma-
rion as well as the orcrlynrg Windous Butte
FormaLioD is a crystafrich rhyolitic ash'llo1r
sh.ct, nrde€tely to hishLy welded. tlrt con
rains abundaot promuert sdDky quartz
phenocrysts. Likc thc Stone Cabir a Wn!
dous ButLe Formations, it contains appox'
imatcly cqul proponions ol quanz, sanidine,
and plagiocLase pherocryns wirh subordi.arc
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Figure 3. NRM dircc.ions, sanpling lo€hiei, and
g.ogBpLic €xt nt. upprt cooling n.n o{ the Sron.
C{bin Fotution, NRM dn ctions (ddo ft plot d on
low.r hmisph.r. ot cqularea projections with as

ash-floiv sheets ale disiinctLy diflerenr. This
lvas the first indicarior drar thcre are nvo
difiercnt ash-flow cooting unitsi larer invesriga-
tion revcalcd fte two sinilar cooling unirs
uc .u i i ing  r .ge ther  in  d re  c \pccrcd  $r t ig , rph ic
re lJ t ion  ar  s i res  f r ,  Wl ,  and W+ n .ar  B ie  Lor  n
Sprnrs.

The lateraL e*ent of the windous Blrrc
Formadon dcrernined by us (Fig. 5) is con-
siderably less tlan rvas shown by Cook (1965).
Part of tlis ditlerence b due ro the recognnion
oI the tuf of Pancake Summit, which has
tudc it losible to dn$ 1he northem margin
of the Windous Butte Formation approx-
imately 50 km farther soorh thar shown try
Cook. Additional napptug has oudnred the
northeastern and western limirs of $e dsh-
flo* sheet as weLl as the nolthern boundary,
but tLe southern and southea*ern bonndaries
are nuch lcss cc.tair. Wc have onitted an

soci,.ed 95 percenr conliderc. cndes (T"ble t). Marsin
of,sh-0ov sleet is dash.d vlcre appDxirotc o! in-
f.r.d, solid wLcrc nappcd in thc !eld.

area to the sourheast in wbichCookstxred th2t
the lorver memLrer $'as abselt and rhe upper
member $es 

"n l )  |U$ib l )  prernr ,  and hrvc
JrbirrariLy movJ the {u rrn mJrsin 40 ro
60 km rcrdNard. Thc wnrdous Butre Form,-
tion is not present h rhc vicinity oI More),
Peak, nor is it present in the sourhern Pancake
Range section aLrout 50 krr southeast ofNlorcy
Peak, where cooh hnd tentativ€Ly shown a
d;ckoe$ of250 m (\v. D. Quinlivan and W. I.
Cair, 1969, oral commun.). Ii may, howevef,
extend fanher south oI thc ricnrity of Sunly-
sid€ th,n shoian in Figu.e 5. The maximun
linerr extetrt is about ltO Lm in an eastdest
direciion Iron rl)e FIot Creek R,rse to the
Egao Ransc (Fis. 1), and the {.a s shdvn in
Figure 5 is about 8,200 kn'. Usios Cook's
0965) avenge rhickne$ oI 160 n sives a
ninimun ofabout l,300l.mr for the combined
volume of both Windous Butte cooling unirs,
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Pigur.4, NxNt dur.uon.. .rmtUde l0€hrics, rnd \phe,e o| .qudl{ed p'oje,Lio1\; oLher anrcdrion\ a!
of tn. ine of Pim,ke strnnir. NRM id Figurc 3.

(op.n cncht arc plot d on upper !cni-

t les rlhn Cook's estnDate of 1,800 on sanples Lotu tLe \-eedl€s Radse Fonnation;
Kisrlcr (1968) obtaircd dxres of 29.3 and 29.2
m.y. on biotirc and hornblende, respe.lively,
ffum a loolity in Utah, and Armsrrong (1970)
obtain€d 14 dates froD 12 locaLities in Utah
and Nevada that aveLaged 29.7 + 0.J m.r.

Six iocalitics i. rhe Needles Ranse Forma-
tionwere sampled 1or ihisstudy. The magnetic
data are giren in Table 2, and the NRNI direc-
tions ard sampLing loc2liti€s a.e shoiar in
Fisure 6. Site Nll is dreoDly locality for rvhiclr
the efecis of rcdasDctizatioD by lishrDins
couLd not be rernoved by a.U demagnetiation.
The NRM direction for this site shorvn in
Fisure 6 is an stimzte of the Locus ofintersec'
iion ol rhc srext circle rraths follorvcd by the
individual NRM dircctiors during dcnagnct-
iz:tion. ]'he direction shown for site NLl,
rvhich is in the wah \Vah Springs'r'ufMember
at dr N.cdLcs Ranse type loohy, is ncirLy
idenricaL to that foi site Nl3, which is in the
sane cooling unit at \Vah Walr Splings. Site
N12 is in the MinesliLle TullMenber at the
Needles Rarse Type lo.ality; dis coolins unit
rvas not sanplcd anyrvhcre to thc east.

Siic NlO; nr unlr Tvnr, of Cook (1965) ar
Shingle Spring in the Egan Range; cLearly this
candot be in the Min€rsville 

'futi 
Member be-

Range Formation and Other
lich TuFs

ion. 
'I hese distinctive biotitc-ricL

ed tdfs iver€ considered by MacLin (1960)
cook (1965) to e{tend ftr,m th€ Paun-
oi Plateau nr Utah sesrw..d At least to

Gsnr Range, Nevada, a disrancc oI nore
300 km, and to cover an arca of sdc

kmr.  {s  Frsr , lescr ibe, l :nd named b1.

;ht corclared with rlc Wah Wah Sprnrgs
Minereville TulI Membes in Utah.

By far rhc nost extcrsive T€niary ash-l1ow
:et in the Crcar Basin is drc Needles Range

in (1960), this formrtion consisted of two
ihree ash-now shcc ts occurrnrs in dr Needles

ofsourhrvcsteru Urah. Thc lo{cr dem
wm named the Wah Wah Slrings T!fl

:r its occurrence iust muth of Wah Wah
ings 30 km easr oflhe type NeedLes Range.

member nr the Needles Range wa
the Nlnrersville Tuf for ns occurre.cc

Minersville Canyon. Cook desclibed five
of the NeedLes Rlnse ForFation in

Neaada. the lower trvo of ivhich he

K'Ar ages have been d€termined
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cause theNRMS ats i tesNlo andNl2 ( i ts  type
secrion) have oplosite polariti€s (Fis. 6).
SimiLarly. sites N8 and N9 are inunit Tvnrlof
Cook. which cannot bc in rhe Wah WahSprings
Tull lvlember because they have oppositc
NRM poLrrries. The dilT€rence In NRM
drection' ar \ites N8 rnd N9 i\ mu{ Iil.EI) Jue
to trncertainties iD srroctoral correctioD. Il
rhis is so, then t1vo alternate posible cor
rel,tions eaist: (l) unn Tvnrl of cook is the
Minersville TulT Member, and the Wah Wah
Sprnrgs Tuf Member does lor occur ir the
dea east of Cumoi, or (2) unit Tvnr, oICook
;s th€ Wah Wah Springs Tutllrleraber and unir
Tvnrl ofCook does nor occur at the type local-
ity oI lhe Needles Range Formarion. In either
cseit would bc po$ible touseNRM direcrions
to cor€late coolins unirs in tlE Needles Ranqe
Fornatid! over Ai.t,n... .f , f"." r".. ;'f
kiloneters ard probabLy over much greater
disraDces irenouih loariti€s rvere sanplid.

Figue 5. NRM dircc.iors, saapln3 loelidcs, and
approximt di{nbndon of bd! cmliry nnits of the

Biotire-rich s€Lded tull dut rescmbles Lhe
Ne€dles Rxnge Formztbn is u'idespread in tlc
nonhern Toquima R.nse rnd in lhe adiacent
Simpen l,ark aDd Monnor Ranses Gir€s Nl
!o N5, fig.6). Thesc rock Lave been ir-
formally called the tuf of Bottlc Sumnit
(NlcKee, 1968a. 1958b; Ste\rart ald IIcI(ee,
1968)! rhcv dircctly underlie the Bates l,Ioun-
tain TuIl, dated at abolt 21m.y. orcrrly l4io
cene (Sarsent and lvkKee, 1969) and arc
youDger thar tle tulT of Padcake SuDmir.
He.cc these biorne rich tufs occupy a strati-
grapbic position cquivalcnt to tlrt of tle
Needles Range Fornation. Asamplcolrhc luf
of Bottle Sunnn from nea. site N3 has becn
dated at 31.1 a 1.2 m.y. (NI.Kee and SiL-
beDan, 1970), and a sample lrom Dcar sire N2
a1 10.6 :! 1.2 o.y. (Gronmi and NIcLcc,
unpub. data). These dates are not sisnificantly
dillerent Iron thc datcs on Lhe Needles Range
Formation mention.d,b.vc

Windou But Fomadon. Convdtioff as in Figues 2

\{



h.  d i r " .  rn e.  ia  \RV di recr io,  R"ndc,  (V Ker.  loo8r .  lo58b:  S.re.nt  and
that aU of the tuli units sampled were
I at dif€rent times, althoush perhdps

wi th in one in ign.r i .  poLr i ry  ep"ch.  Be-
only one cooling unit occun at each
y, these ash-llows must have beenelupt€d

a nunber of locdl vents.
Welded tuf thar coDtains .bundart Fafrc

crysts and rermbles dre Ncedlc' Ranse
tr and the tuff of Bottle SumDir

rs in a small area south ofl.ueLa Gites N6
N7, Fis. 6). Iltlbush the NRM directidn

5ile N7 is similar to that h ihe Wah Wah
rings TulI lvlembo of the Needles Range

don 230 km to rhe east Gire Nl3), no
tion h implied, because K-r\r dates of

I 1.9 m.y. and35.3 I 1.9 n.y. have been
ined frcm the tutl at sires N6 and N7

and McK€e, unpub. ,lrra) The.e
are signfi.andy otder tha! those from

Needles Range Folmrion.

McKee, 1969; McKee and Silbcrnan, 1970).
Directions of NRM at 17 sites at 8 dilTerent
looiities in the Bates N{ountain Tufare shown
in Figuie 7, and numerical data are given ia
Table 1. Wnhin rhis formation \re now recog'
nize four separate cooling urits, desisnated
unns A throug! D liom oldest to youngest.
Of these units, D is the dost widcspread and
can be easiLy distinguishcd in the field by its
ubiquirous flatrened gas cavities (Sargent and
McKce, 1969). The lower three uiirs, A
rhrough C,  har ing no indi ' idoJl ly  d6t in . t i .e
llrholosic feJtrLrc'. havc becn (oftehred on tne
basis of NRM direction and relative srrar;
sraphic position. At each locality in Figure 7.
all the cooling units of the Bates MouDrain
TutT tnat are present were sampLed. ,\bscocc
of one or nore ol dre oldd coolirg utrits
beneath unit D *rggests, but does not p.o"e,
that they were never present. Sumcient tinc
elapsed benveen the eruptions of each ash
ilorv for a geomagretic fcvcsal ro occur, but
lhis mi.imum tinc is only ofthe order of2,000
to 20,000 yrs (C,r and Del.ympLe, 1967).
There is some indication lrcn tLe K-,\r dates

MIDDLE TERTIARY ASH-FLOW SHEETS, NEVADA AND UTAH

The frve measured NRM directions in the This formation was naned by Stelvart aqd
McKee (1968) and las been napped or de'
scribed over a wide area in the Shoshone,
Toiyabe, Sinpso'1Park, Toquima, and Nlonitor

1631

of Boale Sunmit do not .oircide. al-
ugh all are reveced. As the srrucrural dips
$s area are not great and arc accuratcLy

Moutain Tuf

The Bates Mouniain Tur is a sequence of
itic crystal'loor ivelded aslrllorv cooling
that ar€ widespread in central Nevada.

Figur. 6. NRM dir.ctiotr and 3abptng locaud.s in biotnrrich tufs (Nl 6 NZ). colvmtioE as h Figucs
N..dks Rana. Fomarion (N3 b Nl3) a other
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t
I
I
I

c
B I

D IDBtz

B l l

!iu.7. NRM dir.clions' ldPijtrg loDlni6' md

rDDr;nmk disuibudon. of thc four oourg utriG ot

til sftr l'rou"mrn TDff. Indndu:l 'oolins unib

rc drsisukd A rhrcugh D frcB ol&n b vouog6t'
orh.r c;!,.nrion! rs in Figurs2 and 3'

of the four cooline units can be iderred fron
the data in Fieu-re 7, a$unirs onlv sLisht
erosion of the distal edees. The Datrern is oot
one of succesivelv larsir arcas that misht tre
expected from filLing ol a topognphic depres
.iont l,r erample. urLt \ ocoPres a norrhsest-
rrending ard norlh ol the town ol {usun

on the ildividual cooling unirs (discused
below) that the inteflal betwced eruPtons
rrsaooror imateh 05 b I  m v,  €nough t rme

fobieilfr.anr *o'ion, at teJst of onN€lded or

slightly veLded tuff. to hare occu(ed benveen
eruDtions,

A disftibdtion patrern nl rhe welded parts
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vhercd unir C apprrerd)' occurs ir a north-
tarding area nor nrchrdi.g ihc trd easrern
locaiities rvLere ,,nir \ rv3s io',nd Th. L',r

u, ' r \  u f  the Brre\  I l .unrr in  Tud m:y
code f.on a comN)n s,urce nofth of

in i,r ihe a..a bcr"cen tLe SlosLore ard
be Ranges, but this is unccrrair.
: mosr derailcd description olrhe stratis'

y of thc Batcs \,Iountanr 
'Itrf 

is by
ert rid NIcKee (l9ije),lvho co.turcd rhcir
$ior n) dre uth{estern part oI the arca

in Fisure 7.'Ihe nometrclature used try
,t and NIcKcc has beeo n)dified n this
(Table 4). Urit 5 olSargcnr aid IlcKee,
resenbLes several of the tullrlits h thc
lvlounun Tu1I, hN a dilTerent distribu'

and is sisnificanrly younscr. Fo. rlLese
05, it is not nlcluded in the Batcs Nlour-

Ofall the coohrg units of the Bates \Iour-
in  Tul I ,  rnLt  D i ,  r , r  n 'o \ t  c \Lcnj \  c .  ' . ' \ r 's
maiinunr lir€ar ertenr oI 220 km and an

olrbout 8,200 kn:. The averase thicLne$
this unir s 16 n, sivnrs it r roLune ofabout

km'. Areas and thickness oI rhc okler
unns (A, B, and c) u€ l€$ NeLL known,

thc toiaL voldmc ol alL unns nr the Bates
ntain Tuft nay bc as srcar as 500 kmr.

exlcrt must have beetr somcrvlur greater. The
area showtr nr Fisure 8 is approximrtely 6,300
kn', and takirs the average tlickDe$ rs 30 m,
dre nnrinum volunc of ilie tuF of Clippcr
Grp is app.ornnatelv 190 km3.

K-AR AGES

Pota$ium-argon age dereiiDinaiions \rere
madc lor some of rhc ash florv shees dirc,r.cd
nr dr p.ccednrit secrion. IIL rDalyses $ere
nrde on eithcr bnrtiie or sanidnre seDarared
from the.ocks,andsta ardanalyrical nerhods
\rerc c in l lo \ed lDr l lmoL.  rnd t : rnhc.c
lqro) .  ison r r '  . " * . , .a  ly  ,1 .  i .omp.
diLutbn ncrhod, ard potassium was detir-
mnrcd by llxme phoroneter. The decay co^-
stanrs uscd for roK rvc.c I. : 0.585 ). l0 to
yr t and I, : ,1.72 X l0-r !r r. and th€
l todicabu ance o l  10K/Kr.1, r  is  I .19 x 10 a
rro,n r ro in.  These rs.  l . ( rm,n.r ,nn n ippl r
iner t  ,n  p id rh {€ puLl i ,h  J  bv \nn\r r " fs
11. ;0r  m;r iu , r ' l  Jh  ̂  e iou,  re ' "1;  

"  
.  

" roo;
Thc aoal)rtical dare .nd calculated ages arc

gn,en in Talrlc 5. Th€ uncerrriDties siven in
Tdble 5 i;r drc i',dividuaL agcs ensc ftom 2
perccDt to 1.5 perccnr drd are assigncd on rhe
basis of a strt;tic,L evaluaLnn of a numbcr.f
repLic,ieargon aDd po ra$ium .nalyres (N,IcKee
aDd Silbernran, 1970). These values .cpresent
.n ly  L l ,e  .unuleov!  ud.eLh,nr€\  Ln . r .su l
r n . l  p u t r \ . i r  n J n J l \ r s r i d  i L $ l . e s , c h  h  t o n
rs 33Ar spike cdibotion, me.surement oI
isotofn rarios, and flame phoronercr sta a.ds
(1or dis.ussn,n, rcr Cox and Dalrymplc, 1967).
\  motu unh L . \  J l 'Df io  r  ot  r  r .1 ,< ' ion oL rn
Jge ueknnrnr tLUD lent .g cr t  renn,  .Jr  h.
nadc bv datine difcrcrt and \ridelv scDdrated
sanple,.f"n" i,e s.de 

"nit. 
sra',lard de,i,

tions lonnd nr thh ]vay by lcstler (1968) and
NfcKee ald SiLbematr (1970) f{ rveral

d(Rr!6 * $ro[m eD ftrE 0{e) {D
nsR [aulAuNs As E{Rrr! Mtuh

ofCl ipper  cap

The youngest ash-florv shcct nr die'loqui'na,
onitor,,nd northern Hot CrcckR.nscs. here

I Lhe ruf oi CLiprr Grp, is crysral poor
irc drat s.eady dcDbl€s th€ cooling unirs

$e Bate5 -\4"!nra,n Tull Tl,tr uxir \vas
led in the Bat€s Mounrain Tuf by Saf-
and Nld(ee (1969), but becxusc of i$
nt  d i \  r iburLo f  an  I  ds l ,  Nc  .un . ,d r r  i r  r  ,

an unrelated ash-florv shcct.
Directruns ot \RII rc ser en sires in dE tud
Clippef Gdp rre slns'n in F;gure 8, *ith
Glondnrc lumcricaL .lrta in TabLe L Th.

direcrion nr this tuII is v.ry distincrivc
= 64", the highesr lalue lourd h this
r), and drc vxluc oI P' for n : 7 is 0.01.
prcbability rhar drc rurat rDy one oI rhc
r six sit€s \us earlred at a iidc dilTercdr
i r u t J t { t r L l  E  , f \  |  p e ( ! f t  l h r  t r c l
ar 3iLes Cl, c2. Cl, add C4 rlrc tuII oI
r Cap dirccily ov.rlics ndit D of rhc
Mount,in Tuf is additioDaL cvidence itr

naximh hteril extcrt ol dre rulT of
Gap as slrcwn in l.'isure 8 n 185 km.

ihr: FFr Go4cik fdioi

Grya sdj.i, siE bjD m,

: J
the other ash-floq sheers, lle origin,L
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' i I
r --,1
Figlre 8, NRM dirccrians, sanpljng localities, ald

distibnriod of t!. ruft Dl Clippcr Grp. ConY.ntols as

Tcrtiary aslrllo\t shccts arc bet$een J |erccnr

lhe rue d, t r  i r  ths ' rud1 r .  reLLsui te ' l  or
evaluatiin ofK-Ar agcs of$ csprerd volcaric
, rn ts  becru '  rhe Pr le {n. tgrn.  '1rc r ' { ' re
. o t r L r  r  . uR l J t r uL '  01  c  ' L l L ' r i  u f L t s  mrn i i n l r r f q

ihe Dossibilitr ol reaL dilleienccs h rscs ot
*-"11". rb.;ht to be Iron thc samc coolhs
r  n i i  In  each o l  rh.  o1,1.  r  cr l 'u l  n .h rh iLw
uus,  .a ' rn lLs 

"ere 
da re, l  f rum se\  err l  Ln '  L l r t re '

seoarated as widtlv as po$ibLe and, in most
. , 'e . ,  b . rh h. t 'Lc , " ,1 . " i ' i rne I rnrr  t l r  s '  npL'
rvere rnal rz . r l .  fh .  .  r r i , t ion.  ot  fh t  Lr lcu lJ( '1
ag* hclude such hctor c p.$ible difierences

i! Figui€s 2 and l. Dao for sirc c7 are flon sargem

ii arlon rcrctrrivity h $nidnrc or biotiie in

l i le r :eL 'L  p ,  '  ! i  i he  n ,P t  \hee\ ,  o .  ! .$ lh lL
loc" l  o , *  e tu r . t , , ,  rehcJ t , i {  T l rE  mcJn 1ge '

anrl Llicr stoihrd rlevirtio'i f,. rhree c'v+al

ricL tulls are givcn in Tablc 6. Studa'd dcvia-
, ,  ns ran le  ho in  2  L  n t tu r  r r  ! '  11pc f . .L ' r  r r ' t

r l ,e  pno le , l  Ls r im:c  ( [ l ! ln t ) rL  ' ]n1 l  Io r  rhe

Lhr i  r l ,  J l " r  \hccL .  b  r '0  I ) l r  . r t  \nL '  ! ! l r f
'  rd  L  , \ ,L r  .q  t )c l ( f  t  .  nnJcn,  e  l im i  '  . f  l  +

! r rcenL i id  1 .2  pc , .cnL  (Cr .n  tnd  rhcb

i960). Th6 
",1'c 

n th. -me as thdr loun l L,y

NlcKcc and silbcnnxn (1ei0), who ud t Ber

srmples but a fider varLety ot ro.k t)Pcs

Lispection of tLe calcuL'ted ages ior paired

j '

0- *_-_.__:o 
(.



MIDDLE TERTIARY ASH-FLOW SHEI]TS, NEVADA AND UTAH 1635

" , . * }

and biotite from the same sites sus-
corsistertly lower values are obtained

. The average d,trerence tr 3.3

,pp.e.irbly ro rhe pooLed srandard devhrion
of 3.0 percerr. The reson lor rbe younser
.pparent sanidine ages is not known with
certainty, although Webb and McDougall
0967), who observed r sinildr efect, sussested

aDd is stadsti€lly sigoincant at the
nt level of con6dencei it contributes
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dctizrtion nr suc.cssilc coolins uniis are
sisn,licdnLLy diflcrcnr. In a siver volcanlc
provnrc., drc NRIi direcrn,n is c unique
chrractcr;ric oI each r#io{, cooLils udit.

The sir ash-llou' sl,cc ts nl.esrigrred hcre wcrc
closer bccausc LLcir distril,u rior wastairLy sell
Lnolrri rhcv lrave nor unde{one rcve€ altera-
rn,n or tectt[ic r]etorraLior (hultnig or IoLd-
mg); dd drcy arc rcprcscnrarive oI dre lirho-
losic twcs c.Uted orer a period ol seveLal
million ycars. l'hel comprre, fnn oLdest Lo
youngest. the Storc (labnr Fo.mrio!, tbc rull
of Prncalc Sumniit. thc Wind.us Butle
Fo.mlio., rhc Ncedles R3nre F.nation, tLe
8.rcs Ilountc;n T!1], and the tutl oI CLipper
C:p.  l  h$LUn rgo,  . 'grs uI  t l ( '  aJ,  t l rs
. l , te t  r lgL I ror  3+ Lu i i  In  ) .  ( .11 q i , .E,  r  t !
c.rlv rlioccft). Th€ minnnum Lrnc nrrcFaL
ber{cetr e,uprn'N ol xrdiv u.l but relared
.ooLtrrs uni'\; roughlv 0.3 ni.v.'Ihe 

palcomrgnctic drLa hare connnntd
most ol drc hh.losi. corLchtiors, and havc
rllo"'ed rno,e accunLe dclLn.atior ol ind;ridurl
coo|ng urits rlur wrs prcviorsl,! !o$ibLe. ld
DxrLi.nh., thc dntincrion ber{een the $rnrdous
ln'ii. Fornxti(,n ard drc tuiT ol f ucxhc
Sunnnir, and the sepfudon oI lhc ruffolClip-
peL (hp lioLr LLc llates \Iounun 

'fuE 
arc

i ' r .cd o i r  rhc i . r - 'Rr l  d i rect io .s-  lLe.rormors
volurcs ol eruptive mrteLial rcprcscnLcd bv
sone oltle coohre uniLs n tbcsc aih-l]{N sheets
cnd thciL brord dnrriLurions are sumDarizcd
in 

'fdlLe 
L Bc.xuse ash'fl(N tu1l n kes up

mucli ol dre leriiary stritigrarhic scctior, it s
rh.  ke\  r  '  r  lJ rg.  1"r r  u l  ih .  Tcrr i r  )  l r  . tory
' I  thr  cL,u. ' l  p . , r r  o i  fhe CrcJt  BJ\ i , , .  T lLc

rlrLrnccs ovcr rbich these pdeomdsictic cor-
rchtions hrve beer mr,le rrrsc up io 200 km;
thus they fle p.rticuhrly usclul in th€ Brsin
rnd Rdge prorincc rvlere outc.ops rrc cor-
lincd ro moortanr ranses seprrrrcd by al-
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tlhL iL tuy bc doe to tuconplete removaL oI
argotr 1on sxnidine during ti,snt nr the gN
e\tracti(n procedu,c. Our prclnnra.y cxlcri
merts using various fusior rcdpcraiurcs and
tincs hrvc noL co lrnicd this, ald there s not
yct ndllcietrt evideDce o conclude that thc
bioritc ages are more or les reliablc than dre

ln iddLrion ro ihose siven ir Trblc 5, K ,\r
ases Irom thc Bates lvi(nxrtznr TutI .nd rhc
ruIl of Clipper Cry h2ve b..n publisbed n1
olher oaoe$. AIL recs dcrcrmined irom
'h*. ;.i' -" r,.'"";..d in 

'r'ablc 
7. \'otc

tlur rbc.c arc no stratigLaphic dlscotdances;
rh i \  rugs-r  thJr  tL*  r tL t rc  yrcr is i ,n  n l

Jro! l  n  r rc ! ret rmrf .  t ron\
t  | 'ercLL' r .  l  r rL . ' \  crJ lc  rare, , r  rL uprun o1 Lnn(
.rysral-poor a$+ldvs is on rhc ordcr of oft
crcry 0.8 m.,a., Nlich docs trot conflnt NlLh
rhe tuct d!.t a gcoruAnctic reve$al occurcd
behvccr.r.n cruptLon.

SUMMARY AND CONCLUSIONS

Thc$idcspread ash-flo$ slrc.r rhai nake uf
most olthe ltrti..y tucks ir drc centr2l Gmt
Basin hrve becn cxtcrsively correhted on tltc
basis ol lithology and stratisrrphic position.
TLe purlosc olthis rork lias bccn to test tbese
coLrclations by comparison ol directions ol
utu[L Lemrent magnctizad(x, (-*lt\0 in thc
ifflividual rslrllow coolirr urits. Th. prirciplc
ofiLis nerhod rests or th€ tuct rhar becruse dre
rvera l r  t reqler . \  o I  . rupLion o i  :$  l lors is
.*h i . "  th ' , "  L l ,c  .L ' r , " ; r  s t ic  tc  

" f  
r .u lar

variatior ol thc dtrection of the scon!.gneric
neld, drc direfinxN ol thcrdorcdranent mag
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F . N l J n m .  l l r J l u , 1  m  p t  n r t r . ' \ J , r  ,
o ^ t u n c n ! , f r f h f h  N e \ r  l r  l } , ( L ! ! l  \ f r n ( \

APPENDD(. STATISTICAL ]!.NALYSIS
OF PAIRED MINERAL A\TALYSES

The rg , , f r . . , , re , , t  rL 'L  J tp , r f r  \ vnc  i , r i .
r !  \  derer  fL  rLJ  ,  r

'e and bi(nirc lrom ihe s.ne hrnd so.c
ra\ cvnluared .s loftxr:
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