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':IJjor ash-flo w shee ts and a local ove r
rin,;: sequence of ash-flow tuff erup ted 
:~O l;l ve nts within the Little Walka 
:J ldera II mi west-no rthwest of Bridge-

I ·vrt. in east -central Ca lifornia. The low er 
i " the two major ash- flo w sheets, here I :Jmed the To llhouse Flat .\Iember , is the 

iJ iot ite-augit e-latit e" of Ransome (1898). I rile overlying By- Day 0Iembe r can 
: '~JJily be ident ified b y the a bsence of 

I 
: 'lenocrystic bio ti te and by pa leomagnetic 
,:lJ other petrograph ic criter ia. The 

I ' ~cog nition of the di sti nctive By-Day 
' lemb er ab ove the To llho use FLlt ivIember 

j 'v th in the Bridgepo rt a rea and west of 
! 

'l e Sierra crest unequivo cally demon-
,:rates the generally accep ted corre lation 
·f th e btitic ash-flo\\' t uffs of the two 
.:eas. K-Ar age de ter mina t io ns indicat e 
::lat th e three memb ers o f rhe Eureka 
·.·JlIe)! Tuff we re eru pted within a ve r y 
:lO rt interval of tim e ab o ut 9.5 l11.y. ago. 

,'JTRODUCTION 

The Eur eka Valle!' Tuff o f the central 
;ima :'J'evada , Ca lifo rnia, and adja cent 
':evada was firs t stu died by Ranso me 
i398) in the latter pa rt of the 19 th 

.:ntury . In 1948 Slemmons ( 1953) 
' ~cognized, -from the excellent description 
'I the unit give n by Ransome , that 
.{Jnsame's " bioti te-augite-Iati te" was 
. .J mposed of weld ed [tiff. Smith (Ross 
:ad Smith, 196 1) in depe nd ently recog
::zed the pyroclastic cha racte r of the 
. ~it at abo ut th e sam e time . Slemmons 
i953) traced the bio tit e-augite-btite 

:J;tward from the Sierra foothills in the 
.: ,·init y of Sonora, Cal ifo rnia, across 
'.) nor:1 Pass o n the Sierra crest. Jo hnson 
i'1 51), Halsey ( 1953) , G il ber t a nd o thers 
: .(8 ), Chestermani 1968 ), and AI-Raw i 
: ~69 ) recognized the unit in the sout he rn 

· ':eetwa ter \ Iounta ins, t he Bo d ie Hills, 
.. :d ot her loca lities to the east of the 

, ' ,'rra Nevada ~F ig. I ) . Radio metric age 
· ':erminatio ns by Da lr y mple ( 1963 ; 
· '64; Dalr ymp le an d o t hers, 1967) a nd 
i:·Raw i (1969; Gilbert a nd o th ers, 19 68) 
1;1 ported these co rr elatio ns. In hi s 

',':iew of th e Cenozo ic geology of the 
· :·lt ral Sierra Ne\'ada . Sle mmo ns ( 1966) 
" ::na lly nam ed the 3sh-flow sequence 
··:.! t includes th e b iot it e-a ugi t e-Ia t ite of 
·{ ;nsome the Eu reka Valley \ 'Iember of 
: .~ ~ Stan isla us Formation. 

Reconnaissa nce mapping in the dra in
.;: area of the Little W:.Ilk er Riv er anJ 
·.~ : r, ity , pro mpt ed by co nsidera tion o f 
,:~ regiona l d istri butio n of the Eureka 
·l :iev Tuff a l1Ll o th er ueo lo'-'i c relations 
: .i t~ th e discovn y 01'1 he Littl e W3lker' 
:"IJcra . [OCJ tcd I I lI1 i west-north wes t o f 
; :iwg~ po rt . Calif'Jrni a (Fig. I ; No ble and 
.t hers, 1969: Pri est and o th ers. 197 4 ; 
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data). T he caldera mar:":s the source area 
of the Eure:":a Valley Tuff. 

T his paper describes the stratigraphy, 
field cha racterist ics, and petrography o f 
the Eurek:.i Valley Tuff and proposes 
revisio ns in the strarigraphic nomenclature 
of the unit. Subseq uent papers will d is
cuss th e majo r element, mino r element. 
and iso to pic geochemistr y o f th e Eureka 
Valley Tuff: t he geo log y o f the Li tt le 
Walk er calJe ra ; and the geochemistry of 
genetica lly re lat ed potassium -ricll 
interm ed ia te lavas in t he \'i cin it y o f the 
Little WaLker ca ld era. 

STRATIGRAPHY AND PHYSICAL 
CHARACTERISTICS 

\\' e have fo und that t he Eureka Va ll ey 
\I e mber of t he Stan islJus Fo rm ation of 
Slem mo ns (1966) co nsist s of two major , 
litho logically distin ct i\'e ash-flow sheets 
and a much smalle r loca l over lying unit 
of ash-itow tuff. The recognition of 
these t\\'o majo r ash-tlo w sheets both 
east and west of the Sierra crest un
eq ui vo cally proves th e previously sug
gested co rrelation of t he quartz lat ite 
ash-flo\\' tuffs o f t hese Jreas (com pa re 
\Ia ck in. 1960; Chris ti3nse n an d others, 
1968 ). 

It is now common pra cti ce (for 
exa mp le, see Chri st iJ nse n and o ther s, 
1968) to ass ign fo rm3tio na l status to a 
sequ e n c~ of ge net icall y rela ted as h- flo\\' 
shee t s a nd memh er St3tU S to the individua l 
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sheets . We therefore here raise [he Eure'-;a 
Va lley Member to formationa: ra nk. 
rename it th e Eureka Valle y T u [l . :1n,j 
subd ivide the new formati on ic to t w O 

formal mem bers (t he·To li ho use' Fb t 
:VIember and the ove rl y ing By-DJ Y \Iem
ber ) and an in formal up per Ill ember. 

Raising the Eureka Valley W [Gr ma
tio nal sta tu s rl'Cjuires revision in t he' 
no menclature o f associat e l~ u nits . \V e 
therefo re ra ise the TJ ble \l o u l1t:.lin LJri rc 
\ Iember Jnd the Da rcian c'lks \Iem ber 0 : 
th e Stanisi:J us Fo rmatio n t o fo rm.Hi l'!!:l i 
ra nk. rena mi ng t hem t ht' Table .\lo u;: 'J!:: 
Llt i!e :.Ind Darda nt'lk s r Ll rlll;] t:ul1 . .l:LI 
we raise th e Stanisbus Fo rm3 u ,)i! [,) 
~ rou p rank. The St~l1i s lau s Gr ·) up t hus 
includ es . fro m botto m tLl top . rhe' Tuh k 
\ [ounta in L !ti te . the Eureka \' Jlk\' 
Tu ff, and t he Dardanelks Fo r mation 
(Table I ). 

Th e ri dge between Ba ld Pea';. J:hi 1.(,:-1 
\ foun tain in the DJrcta ne lies quadr:I I1" k 
(scale , I :62 ,500 ) w~s c1 es ign~ teJ .IS t'l ': 
type locality o f the Eure b Va ll ey 
.\[emb er by Siell11110 n5 ( 1966) . B CL'a l;; ~ 
of th e rda tive inaccessib ili ty o( t !li:: ,\' j', 
locality and becall se rocks o f t:lt~ ti p;'" , 
l11emb er :.Ir e: Il<)t present ti ler I:' . \\ c' L'o :;siC:cr 
it desira b le to desig n:lt e ::! rt'fc>reih' c' 
sect ion . T llis sec tio n is loca ted o n th~ 
e:.ls t bank 0 1' the \\I t'st \\', lIk,'[ Ri\','r ..It 
Tollhouse Fla t ( Iat 3So ~ 5 ' :';S " :--: .. 
long 11 9" 26'4 5" \Y.: Fig. I) . Til,' Toll 
hOliSe Fla t a nd By- DJ Y \ 1 l'lllhc'r, l1S0 3[ <:: 

well dc \·clop.:d :It t ht' foll owi :, =, s,'k,',,,,l 
locali !i!.'s : lJt 38" 25'OS" 0. .. I,) ;) :,! 
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19° 2 5'55/1 W,: lJt 38°23 '20/1 \ ' " 
)ng 119°2 I '45/1 W,; and lat 3 8°: 0 '''+5'' :\" 
lag 119° 14' 45/1 W, Figure I shc '.\'s t he 
'.' nc r::11 prese nt dist ributi o n of the Ellr~k3 

,,',ll ley Tu ff; d e tails of these e x p:) sures 
,:' ~ show n o n th e maps or' R ~ll,so :;,e 

i898), Koenig 0 96 3) , Srr3nd :> :-,J 
:o en ig ( 1965) , Stra nd (196 7 ), Kie in
lJ l11p land others (1974 ), D, B, Skrnmons 
l:npu b,), W, R, Dic kin son (lln pUJ ,), D, C. 
;,)b le (unpub,) , an d in various Oi' th e 

, th~r referO::ll ces cited hero:: and i:1 th e 
,bove-listed publica tions, 

To llhouse Flat Member 
The Tollhouse Fbt Me mb e r. :1<~re 

l.J I11O::cl fo r exposu res at th e re fer=nce 
,;:,'tio n located on t he ea st s ide 0 :' To ll
,:o use Flat. is the mo st vo lumino cls a nd 
: ides pread as h-flow sheet or tit;, Eureka 
,'J l ley Tuff; a real e xt e nt in an e~5t - '·,':est 
'ir ection is more than 9 0 mi I F'", I J, T ile 

.ne mb er is identical with the biolite-
: ug ite-Iatite o f Ranso me ( 1898 : Table I) , 

fh e Tollhouse Flat Memb er is :iO ft 
,'l ick a t the r e ference sec tio n anj lo callv 
~.?aches a thickness o f m o re tha n 300 ft ~ 
:-iJe unit va ries marked ly in thici-,:ness 
:' ccause of the unevenness o f the suriaee 
, ) 11 w hich it was de posi ted , but in genera l, 
it tltin s away from the Little Wa Li.:e r 
::.Ilde ra , 

, 
... 

----------

T he mem b er !s composed t~'p i ca ll y o f 
densely to m ,Jdera tel y we lde d, light - to 
dark-gray t uf r' cont ain ing a b un j ant 
phe nocrY5! S a nd lit h ic l~agme nt s, Eu taxi
tic s tru cture is str ikingly w e ll d evelo ped, 
with some col13;:,sed pu mice fr ag ments 
excee din ~ :l foot in maximu m diameter. 
pJ rti cularly ncar the Lin le Wa L~er ca ld~ra , 
So m e of :;,e ;:>umice frai!me nt s show 
re i:J. tively litt~e companion, eVen in 
densely we lded ponio ns of the unit, and 
so me 3.ppe~lf to have bee n near ly un
ves ic u lat d lumps of m o lt e n m .:;gma 
(co mpare GiiJson a nJ T H ie fI', 19 6 7; 
G ibson, 1970; :\o ble aid ot hers , 1968; 
Ko rri nga, 19 :2), In some inter ';als , the 
in ner ponio:'!s or such u rge equant b locks 
ar c primari l\' devitrii ied and part ly 
expande d by the rekase of volat iles on 
crystall izltion, This pr o duces lJ rge, 
irregu lar :itho p h\'sai cavi ti es, w he reas the 
ma rgi..ns or t he blocks hJ.ve re ma in ed 
glassy, 

Phe nocry st s co n sist o f oscillatory
zone d pl3gioclase (abou t An4d with 
sma ller amou nt s o f b ioti t e, c linopyroxene, 

[T he extin ction an gle me asure to (0 10) 
in the a-normal positio n is 30° for plagioclase 
from the To llhOUSe Fla t ~! em be r and 34° for 
plagioclase fr om the By-Day .\!ember, 

Co o lvi ll e 

magnetite . and apatite, Hornble nde L::1S 
of apparent int rate ll uric origin have b" ;'ll 
observed in several thin section s, No ;:o in . 
of h y persthene, o livine , or quartz h ~]<, , 
been found in thin se c tio ns of (O llal' - ; 
pumice , a nd thus, rare grain s of th e" 
minerals o bserved in so me thin sect ' ,S 

of tuff are inter pret ed as a cc id enta l 
material incorporat e d du ring e rup tiu:: 
and (or ) transport. P ri s ms of apa t it e 
typica lly are included within o t her 
phenocr ~'s t mineral s , as a re s mall grai: 
of magne t ite , biotit e, and clinopyro :, :-, e, 
Phenocryst min erals co mmonl y oe n: : ,:1 

incipient g lo m eroporph yritic clust er , " 
co llapsed pumice frag ment s, Pheno c: , " S 

are much less abunda nt in the pumice 
fragm ents (a bout 1'5 volum e percent ' la:' 
in the r emainder of the nonlit hic porr:) ;] 
o f th e \\'e lded tuff. ind ica t ing that J;' , ':'~ ' 
ciable amo unt s of fi nc-grain ed glass~.' 
mat erial wer e removed during eru pti( :l 
and transpo rt (co mpar e Lipman, 19b- : 
Wa lker , J 972 ; Korringa, 1972 ), Li thi , 
fragment s, co mposed domin~tely or' 
lavas of int er m ed ia te composition , a n.: 
less co m mo n fragments o f pre-Cenozo' c 
granitic a nd metamorphic rocks. ma ke 
up about 15 to 20 p erce nt of mo st ro(;, s, 

In man y outcrop sect io ns, 3 5 ma n \' as 
five or mo r e partings between sU\,;cess!\'e 
ash flow s or seq ue nces of a s h fl o lY s ca;, 

. ( , 
;- Do rdone lie 
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Fi~re 1. Map s howing prese nt distribution o f Eureka Valley Tuff. Da shed lin e marks locat ion of Litt le Walker ca ld era (LWCl, Arrows 
show duectlon of remanen t magnetiza tion of units at ty pe (wcst) and refe re nce sections of Eureka Valley, 
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.~ recogn ized .. -\ t :112:./' localit ies. the 
::' Llt', 5 to 20 It o r ( '. : me m b er consis ts 
l i'~ne o r more disti~.: [i\'e ash tI ows that 

.\1 nl:li n appre ciJ bl\' :'"we r and smaller 
:,hCno l'rysts , smal ;C'r ;'um ice f ragments . 
; ::d.j much smalk~ ~",cc n t a ge o f lit hic 
' : J ~ll1n ts tha n th~ l~:' ;'S which compose 
:;05t or the unit . '\0 ctlt;: r ev id e nce o f 
·. :rtical ';o l11 po sit ioJ: ':. zonatio n 11:15 yet 
" '~ n rC' cog nized. 

.\ka5uremenr or t.-.~ di rect ion of 
·: .ltura! t h e r morerna~.::nt m ag ne tizat ion 
' I' porta ble flux -g:1tt l1Jg nerometer 
·\ I-RJw i, 1969) h J S ;:lO',\' n t hat the 
ro llhouse Flat :,,'Icn:: ~ r 'las reverse 
~;Jgn e[ ic polari t y. 

13y·Day Ivlember 
The By-Day \ Ierr.·-er is here named fo r 

.' \posures on [he !lc : : h bank of By-Day 
I',eek \ Ia t 38 c 16' ~ O " '\ .. long 
i19° 18'45 " \Y.; Fig . l ) .. -\ t t h e referen ce 
iedion o f th e EureL V:1lley Tuff a[ 
r.Jll holJse Flat. t he 3y-Day \!emb er is 
i 15 ft thi ck and is s~JJ rated by ab o ut 
:0 ft o f so rt ed clast:: rock o f possib le 
"lse-surge origin r re::1 t:1e u nderlying 
i'Jllho use F la t :"! e rr. ·~er. At the t ype 
'h'ality o f the Eure:: ] Va ll ey Tuff. the 
31'-Day is sep3.fateci ':> y J latite lava flow 
: 1m c!le und er l\' in ;: Tl'lI house Flat 

' · !~m i.' cr. At i11an~: ' : :aiit ies, howe\·er. 
' .!r[icu lariy :leJr dE Linle Walker ca ldera. 
:hc co ntac t be t\'.c e~. [ he two mem bers is 
. ~,,',)nsp icuous . Air-:.:lI [Uff commo nly is 
J " j~nr , and the -:017.:>lete cooling b reak 
:' l'rw ~ en th e two u~. :·cs may be ind icated 
!l l~' oy severa l i:-,c;.~5 o r porous, P:lftly 
''\'ddcd glassy as :-t -I' :- w t uff at the base of 
:~~ BY- Day \Iembe~. T his th in and 
:c:Jtive ly nonresis t ::~1t glassy zone may 
1 <;' i:iJden by soil, '"::getation, and 
j ~tJ~hed b locks of ""elded tuff; at ma n y 
:':::;:es, a car eful 5e2 ~ ~ h mu st be made t o 
!'X;}tc t he coo li ng c : ea L 
. Exposures of the By-Day J"[ e m ber are 
imilolf in co lo r 3nG .?enera l appearance 

:0 r:l') Se o f the Tobouse Flat Member , 
::thrJ'lg h weathcre: surfa ces tend to be 
;t) m ~ \'.' hat smoo[h:,~ and the average 
il Z~ )t' pumice f~3g ::1e nts so mewhat 
i:nal:"r. Rocks of r:~~ By-Day \ !ember 
::lJ y ':le distingu ish::j q uickly a nd un
!:nb:guously in ~he iielJ from those o f t he 
Tollho use Fla t :·I c::-. ~ er and upper m e m-

~EOL.OGY 

Upper :1e:li1ber 

,; -

To llhouse Flat ~I~;;;oc[" 

la:,le ~c unt3in Lacite 

be r by t he absence of phe nocrystic 
bio tite .. -\Ithough a flake o r two o f 
ro reign bio t ite , pr obab ly derived fr o m 
,"o lcan ic o r gran itic li thic frag m e nt s, 
o cca sionall~' may be seen in rocks o f th e 
By-Day. bioti t e ha s not been obser ved in 
.:o lL! pse,i pu m ice fra gme nt s of the unit. 
I Halsey [ 195 3 J was t he first t o re cogniz e, 
in t he vic in it y of Tollhouse Fbt , a biotite
free J.sh-flow unit in the Eureka Valle y .) 

In thin sectio n, the prese nce of a 
seco nd ge neration of lath-sha ped plagio
clase micro phenocr yst s is diagnosti c of 
rocks of the By -Da y. The larger first 
ge neration o f oscilla to ry-zoned plagioclase 
phenocryst s is so mew hat more calcic 
la bout ...\n60) than those of the Tollhouse 
Flat 'vl ember. First-generation plagio-
.:lase and clinop yroxene phenocrys ts are 
st ight ly smal ler a nd less abund ant than 
thOSe of the T o llho use Flat Member , a nd 
pu mice a nd lit hic fragments also are 
smalle r o n the average. As in the T o ll
house Flat :Vl e mber , there is a gr eater 
co nce n tratio n of crysta ls in the fin e
grained port ion o f t he tuff than in the 
pumice fragment s (abo ut 12 percent) , 
indicating w innowing of gla ss s hards a nd 
just-sized particles. 

The By- Day Member is co m posed o f 
at icJst three, and probab ly man y more , 
indiv id ua l ash flows . Maximum observed 
thickness is about 200 ft. The uni t t e nd s 
to thin away fro m the Little Wa lker 
ca ldera. Bo th o riginal areal distr ibutio n 
a nd vo lume were less than ha lf tha t of 
the T oll house Flat Member. For examp le , 
the By- Da y Me mber ha s not yet bee n 
recog n ized northeast of Sonora or in the 
Bodie Hills. 

A t the type localit y of the Eureka 
Valley Tuff a nd in t he vic init y of Toll
hou se Flat, the By- Day Member is 
normall y mag net ized (AI-R a wi, 1969) . 
The directio n of re man e nt magn etizatio n 
th us may provid e ye t a no th er method of 
d isti nguishing the To llho u se Flat a nd 
By-Da y Members. 

Upper Member 
T he u pper memb er of the E ureka 

Valley Tuff is co mposed of ash-flow 
tuffs similar in genera l appearance to 
th o se o f t he Tollho use Flat and By-Day 
:Vlembers . .\o[a ny of the tuffs of the u pper 

member , which is essentially id e ntic:J1 
to the "pumice tuff-br eccia member" 
of Halsey (I 953), a re no n weideJ o r very 
poor ly we lded, alt llOug h densely weldeJ 
ash flo ws a re in terstratifi e u wit h less 
co mpact strau in most sections o f th e 
unit. The up pe r member is bes t J~'.'t'l op t'd 

no rth anJ e3st oi the Li:.tlc' WJ lkt'f 
cald era (for examp le, <':.1 St o f T o llh o use 
Fbt) anJ locall y is int ercal3t<:d with 
post co liapse !;1V3S, tuffs. volcanic s:JIJ(l
srones , <lnci 50 forth. within [h e cJ ldl'ra. 
The ruffs , which everywhere' :l re separated 
from the un derlying By-Day \ [ ~m b er by 
a complet e cooling break . v:Jry in C Oll[ '~nt 

o f phenocrys ls Jnd lith ic fra gm e nts. 
:" l ost, and perh:.!p5 all, of th e as h fl o ws 
of the upp e r member c:onl3in ab undant 
b iotite b ut 3ppear to la ck the IJ rge, 
slight ly vesiculated pu mice b locks found 
in the T o llh OUSe Fb t :"leln h er. .. \ nother 
dis tin ctive fea tu re is t he prest.!nct.! ,) f 
spo ngy p lagioclase phenocrysts compris
ing from about o ne-fo urth to more l h:Jn 
three-fourths of the total pi:.lgiociase 
in the rocks . Fina ll y, an ash fl o w at.or 
near T o llhouse Fla t. apparently belong ing 
to the upper m ember, has normal 
magnetic polarit y (AI-Rawi, 1969 ). 
suggesti ng that t he d irection of remanent 
magnetization may provide a means of 
d istingu ishing rocks of the unit from 
those of the reverse ly magn e ti zed T o ll
house Flat :" !e mber. Although no 
co mplete cooling breaks h3ve yet been 
recognized within the upper mem ber. th e 
ligho logic varia b ility of t he un it sugges[s 
th e possib ili ty t hat it may co n sist of 
several distinct smJIi volume ash-flo w 
shee ts o f limit eJ Jrcal extent. 

AGE OF THE EU REKA VA L LEY 
TUFF 

K-.-\r :1ge determin :1 tion~ o n 13 ro ck s 
belo nging to the Eureka Valley Tuff a rc 
ava ila ble (Table 2) . Single age det erm i na
tions also are ava ilabl e o n rocks of the 
Tab le \ Iollntai n Latit e a nd DardanelleS 
Form :Jt ion (Tabl e ~) . We have obtained 
new K-.-\r ages of 9 .9 ± 0.-+ and 10.0 
± 0.3 m.y. o n two ash-flow unit s o f the 
upper me m ber (Table 3) , using standard 
iso tope-d ilu t ion techniques (Dalrymp le 
and La n phere. 1969). 

The average of the radiomet ric age 
determ inat ions on the Eurc'k:i Va ll ey 
Tuff, excepting the tll'O new Jges on the 
upper memb er Jnd t h t' link o f 10. 7 m.y. 
reported by Evernd e n a nd others \ 19( 1) , 
is 9 .24 m.y. Wit h the lo ur agt's (from 
8 .8 to 9 .2 m.y .) reporreJ hy D:J lr ymp k 
(I 963) a lso exc lu ded. the average is 
9.43 m. y . Additional inforlllation on the 
3gc of t he Eureka Valley is prov ided by 
numerous age s o f from 9.1 t o 9.5 111.),. 

obtaint' d by AI-Rall'i (1969; G ilbert :lnd 
o tllers , 19(8) a nd by S i! herma n Jn d 
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