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CENOZOIC CHRONOLOGY OX' THE
SIERRA NEYADA, CAI,IX'OR,NIA

G. BRINT DALiRYMPI,E

ib trie {erii..y volco sm begstr in the Aierrd N€r.dr Fiih t}e erultioa oJ rnyottic
xial, PotasiDn-argon d!i4 oI 19.9 to 33.2 nillior y6srs otr 18 or.ly rlyoliric tntrs show
the najor leriod ol rnyolitic rolcd sm i€gm itr tle l&t€ Oligoerc uil cortinned tnlongh
Miooere tin€ ; noyever, ddtes of 4,? ard 4.8 nillior years on the Nobol Cmton rlyolit€ near

P$!, lnd of 16.1 mil]ior yeDrs otr e rlyolito tufi aear Sottlet in th€ ro hom Siena
tlet sone rlyolite {as eulted rfter ur6 ea}tX Mioccro, D6tes ol 19.9 to 23.1 milior yars

trfiB f&D Ure rpFr drl Diildle larts ol tle rhyoliric Valley Slilgs lomaiion iE
Sierra loorlilll ard ilates of 20.5 to ?€.1 nillior years oa rhyolites lron ure De]Ieler
rcar Blairlden slor that ihese JonatioN are olpronmaielX correlaiive. Bdalts oJ

I'ornarion, lreviotrsly thougnt to le locerc, aie oyerldir ny t2,2 millior-year-old
at the troyejoX Fomatior t}?o loc&lity nerr Slai8ilen ald are urderlai! !y 24.8-millior-
d.cite iufi at O.oyille Trbla Monntain ; theX ere tlelefore e$ly Mioc@e anil ere incl led

ihe hirrorr ol ileposition of ihs Delleker ald Vlllet String! fornliioE,

ABSTRACT

lebbl$ fron th€ 
'wheatlldl 

Fornrtionr rhich contrins Xocene nsrine morlus!!,
s rtonposite" ilst€ ol 53,5 millioD Xer$ ed rhne recortl ardasite €rultioe Tlich lredat€

&_I "q t  knoM Stp i ib  rhJo l i rps  b t  a ' ]ps -  20  D: l l io !  tpa .s .
of tlc Mohrten lo.natior-{nich in ure Stuisl&ns dninase incluileo ur€ Table

tatit€ md @locistld letiteB ilateil aB 8.8 io 9,3 miltior re.$ otl md similar udesitic
thmughon, the SieiD leil aplareatlX leeu ny fte niildle Miocerc dil doniilueit util

Plioo@€ tihe, h the tururen SierD ure a lditic l4alls I'onation-wlicl orcrlies
lasalt and udellieB 22,2 dillior xear olil rlyolile oI tne Delleker Fornatio! !ea.

ud$i|ic Eateritl beretUr Lovejoy lasa.lt at Oroyille Table Moultaia de 4rly
and shov tlat aql€siiic rolcMism tnere negar before enltior oI Deleter a(l Yalley
rhyolites llil cea3ed, The ddesitic PenDd anil Bonta Jotuotiors in tle Blaiftil@ !rca

!.obaliy oorrelrtivc vift at leaBN lrrt of tne Melrter fornalio!. E pe$tl€n6 b$alf (7.4
rears olil) anil hasalt br.ceia tlab olerlie @il$iiic duildow !.eccia ond Nutr @ar Douer

are Pliocere dri urerclore conelotiv€ vitL lart 01 tho M€lrt@ Formatiotr,
d&te of 28-5 dillion xeds or a .hyolite nodder from anrifemu erareh nr tle anottrme

!o&r Orcveland, dd tle preserce ol late to niildle Oligocene namDel fossils ir
C?avels ir CaldreraB Couty (Wooil, 1060) irilioate that at leasi soDe of dre !re-

anriferons gaavel3 ar€ 4 loung s late Oligodele.
of 2.9 to 3.5 millio! yesrd o! biolts tlai spiU oyer fie lip oJ Ure iller gor8ls oI tle

Middle, md South lorlB of Nhe gan Joaquia Ejre. rnd Tero depolited at eley.tiols lelov
p.ofle ol tle Plioce!€ (Mourain Volley) gan Josq r nirer, sloy tl* $e Cuyo4

oI erosioa Ms iniiiateit iy late Pliocer€ fine.
on lol@lio rocks trtrtrcateil ly lasir.rmge fantting on tlo estom esoarpmeat ot ihe

Nevaila letr MaD@oft, eil in ure 3entotr Rarge to the €st, slos thai, Uro let nojor
ThieL lrodncod ine p.eselt rcarys leg.n atter r,6 to 3.9 ni]lior years ago; coNequetrtly

noyenent3 did not idtbte th€ Colyo4 6tage oI erGiotr a rleineil ly Metihes, Sinila.
&slolsiblo for f]lo TahoFTncle€ delr€ssi@ leu l-o!e Tunoe legd l@g lft€r

nilliotr tea$ ago ma enortly boforo 2,2 to 2,3 hi ioq yeers rgo,

INTRODUCTION

PUP..PoSE of this paler is to repod potassium-argon alating research leftinent
lolne probler0s of the Cenozoic histor'J. of the Sierra Nevada.
In the northem anil central Sierra, middle Teltiary rhyolitic volcanism was

d by voluminous €Iuptions oJ tuffs, breccias, and flows, laryely ardesitic,

t 1 l
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that flooded valleys, rcarranged pre€xisting drainage, anal budeal the Iange
thousands of feet of volcadc matedal. Rive$ aral str€ams, rejuvenated by
constructional volcanisn and by intel'vening periods of uplift of tle

material that reached the lower altitudes. Tertiary river gravels, some rj

blocb caldeal volcanic detdtu.s to the west€m foothills where it wa"s
fluvial s€dimetrrs Llat ar€ nos inrercclaled wir\ Ll" o..asional Rows or

andfemus, arc prcserveal in segments of ancient ver channels that now lie

apparentk occuneal in one or nore episodes dulilrg tlie later TertiarT. The

deseribed by Evemden a]rd Curtis (ir prcss); isotope dilution anal a R

beneath rhyolitie and andesitic debris. Tle major 11pli{t of the Siena N

bpvFral  Cjdn-  i .asdl ikp eros ioD sur la.6s,  pr .h # 'b . lar i \o ly  low r"  h l  r rd

rivem {ow in gorges as much as sev€ml thousanil feet below the ba.se oi the
volcanic material ard dver gravels, and steep fault scarps outline the
fxont of the ranse.

Tn the southem Siena these intermittent Deriods of uDlift ancl erosion

rated from the others by abrupt fises, herc ody spa$e flolvs of basa.lt were
mostly tovard the end o{ the Terliafy.

of the mnge , consequently the geoehronology of the Teltiary history of the

these volcanic rocks affords a m€ans whercby some of ihis history can be
ir proper temporal perspeetive.

Argon determinations sere made in the Berkeley laboratory using the

These volcanic and sealimentary rocks, in which much of the Tefiiary

Iand malnmals, mostly in the westem foothills of th€ rorthem ard centr:&I
of the Sierro Nevada is recoraled! contain only lare deposits of fossil planis

' | -s  
inpF.hnr ly  know. l .  Th"  sppl i .sr ion o l  polassiLm-argoD dar iEg cc l l r 'ques

of certain xocks in a lew selecteal areas thmughout the Sierra have been in
gated, on the assumption that tlis approach may be of more immediate
to the history of the lanse ir general than a morc detailed investisation
limited geographic extent. The results of such an investigation eould be

This work is intended io be a geochronologic reconnaissance wlerein the

either by jumpins from area to arca and back again" taking the geolosic

ffe1d work ol othe$. Wlerev€r.possible, tbe ffndings of reeent workers hav€

tab le 1.  Srrp lF loFar io ls  and de. . r ip  ion '  are g1e"n 6n prg.s 34 38.

IIETHODS

in their pmper time-seqnence, or by discLusing all ttre results from each
belore going on to the next. Because it necessitates loss "geographic s
f have closen the last.

Because of the nature of tlis rcseaxch, I have rclied heavily on the

used, but itrvatuable to any student of Sienan geology are the clas.sic worls
' W a l d e r " o r  

L : " d r . r  , ' l s l l l ,  H .  w .  T u . n . r  1 8 9 4 .  1 8 9 6 ) ,  r D d  F .  T r .
(1898), and the U. S. Geolosical Survey Folios of the Siera Nevada, a]8o
largely by these tlree men; they deserve €special tdbute.

Figue 1 (in poeket) is ar index map showing the loca-lities of alateal
Tic analy i "a l  dara fo |  pol rss iun argon ag,  da.Frm:nd ;onn 61e pr"sented i

t'?e mass spectrometer 1verc employeal. Potassium values ryere aleterminedl
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Imer flame llotometer u-eing a lithiun iltemal standard ard propare

ined with a p€trographic microscope to make sule that tley eontainedl no

Bocks from which minerals wele separateal were inspecteal in thin section anal
Ioinelal cotreentrat$ werc exanined in an attempt to €valuate and eliminate

from older included materialj mary sep&mt€s were hand-pieked
th€ 6na] stages of concenhatioD. All whole-rcck basalt samples were carefully

constants useal in the calculation of ages arc ).r = 0.585 x 10 10 ],f1 and
: 4.72 x 10{o },r-1.

Yalex Sp nss Foniation (Piper alld others, 1939, pp. 71€0) conpdse.s
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to thark ProfessoB G. II. Cutis, Clyde Wahrhaftig, D. E. Savage, and

ica Penrcse Bequest Funil, aral of th€ Department of ceology and Geo-
of the Univ€rsity of Califomia at Berketey is gratefully ackno$Iedseal.

Formarion, and (3) r lc Mpl"pD Forrar ion-

CENTRAf] SIER,R,A NDYADA
T€r'tia4' rocls of the westerr footlills of the central Sierra Nevaala have
divided bmadly into thrce nnits: fi.om olalest to yourgest, (1) the inter-
ing Docene Ione Fonnation ard the audfelous glavels, (2) the Vaney

phases which were altentior products or which might be nonretentive of
ic argon, e.g., devitrified glass, Jresh glass ilr laxge quantities, or extremely

tion of basalts high in potassim. Any sample about which therc was

for which a minimum aae was consialereal useful.

lu f ls , . lays,  saddsroles,  aod colg lomFratFc r la 'a-e I lp  prodL"t  of  rbF

l rom atrdFsi ' ic  \edim" ' 's .  I  r f fs ,  and rnudf low br"nnias ' la l  or ig i rc . 'ed n

ined feldspar; alleration of olil.ine to iddingsiie aloes not affect t]1e ase

slightest doubt vas rejected a.s umatisfactor:y, ereept lor the l,ovejoy basalt

trt. Eve den for their eneoumgenent and help. Much wa"s gained by innumer-
iliscussions with these Inen and with C. S. Grcnn6. who accomDanieil the

in the ield on many occasions. Clyde Wahrhaftie, G. E. Cufiis, D. E.
and C. S. Grolnm6 reaal the manusdipt and contlibuted many helpful

jsiions. Robeft tr'leck assisted in the ffe]d dudug the summer oI 1961; potas-
valu$ were detelmineal by Joachim Hampel; to botl T express thanks.

suppoxt of the National Science Founalation, of the Oeolosical Society ol

period ol rhyolitic volcanjsm in the Siera Nevaala. The lormation is uncon-
upon the Ione Fonmiion, aurifemus gravels, or pre-Tertiarly baso

rock, a.ndl has prcduceal only a small lossil flola assigned by Axetrod (1944,
217) to the "late npper Miocene."

Yalley Sp ngs Formation is ov€rlain by the Mehtetr Fomation (Piper
others, 1939, pp. 61 ?1) aDd moat of the eortact betweer these two uniis is

altlough in places they interfinger. The Mehr.ten Fomation is

Siena Nevada, ard its top and bottom arc distinguish€d by tLe occurrence
ardesitic matedal (pp. 65-66). The age of the Mehten Fomation hes recently

discusscal by Dahtmple (1963), who concludeal that it mnges in age tuom
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6 Unioersit! of Cetrifarnia P btricatiow i.fl Geatrogical, Scter,ces

late Pliocene to middle or Iate Miocene. Ee also states that the Table
latite and the associated augite latites of the Sonom Pass area are members
the Mehrten Formation.

The Table Mountain latite 6l1s a chanrel (the Catamct Channel of
1911, pp. 36, 201) c1li into andesitie deposits of the lower part ol the
tr'ormation fr.om Sonola Pass to the western {oothills. anal caDs Table Moun

M o u o r a i ' l  I a . i p s ,  ( 2 J  a  d i s r i n . r i ! p  b ' o  i ' . a r , g i t "  l d " ' . , 3 n d  / 3 ,  r h "

near Knights FenT. This latit€, ffIst studied in detail by Ransome (1898),
paft of a larger sequence of augite taiites that can be traced along the Stad
ahainage to the crest of the Siera Nevada near Sonora Pass. These latites
divided by Ratrsome into thlse unit€: ftom olalcst to yomgest, (1) the

facies. At several iocalities described by Ransome (1898, pp. 21-22) alld
Dahtanple (1963), ardesite breccia overlies these latit€s. In the Sonom
area, the latites arc nnalerlain by tllick deposits o{ andesitic material a"nd r
tutr that seem to be count€rparls of the Mehrten and Va.lley Sprinss fomati
in the foothills. the lrame "Ilehrten Forrnation" has been extended (Cufiis.
p. 457) to irclude the thick sequcnce of andesitic tu$s, breecias, Aows, anal

loFer tuff is about 70 feet thick and is u1d€rlain by approximately 160 feet
rhyolitic sedinents, which are in tum, underlain by the lone Fomatiol

Vll,r,DY SlarNGs

The type section of the Valey Springs Fomation oD Valley Sp n$ Peak near
the town of Valley Springs coniains two weld€d rhyolite tufs (Piper and
1939, pp. 72 73). The upper tutr, which {orns ure top of the section, is ?0 feei
tlick. Biotite (KA 1072) from this upper iutr sives 21.9 miliion years; a dat€

flows that overlie older rhyolitic deposits in the norlhem aDd central SieIIa.

of 19.9 million yea$ on sanidiae from this same rock was repolteal by
(1963). The top of the iower welded tutr is 110 J€et below the base of the ulper
tuffithe exposedpart of the inteNening 110 feet consists of rhyolitic conglomelah.
Sanidine tuoln the lowex tutr sives a date of 22.8 Inillion yeals (KA 1132). Tlis

PoNDERos-{ WaY

About 25 miles trothn'est of Knishts Fe y, neal tho towns o{ Murphys and Val-
lecito, a sequence of rhyolite tuffs and tuffaceous rhyolitic sediments more thar
200 feet ihick is underlain by auriferous gravel anal overlain by analesite tuf and
breccia and by Tabte Mountain laiite (ffs. 2, o). The section, about 25 Diles €a.et
and 5 miles south of the Valey Sp ngs Formation tlTe section, is exposed a1o4
a dirt road (Pondarosa Way) south€ast of Murphys in sections 11 and 14, T.3
N., n. 14 n. The ar€a is sho\'l'rr or goologic maps by Tumer and Iiansone (1898),
Ransone (1898, p. 18 and p1. r), and Lindgren (1911, pl. xxvl). Dates or sani-
dine tuom each of the two welded tttrs in this section are as follows: KA 1101
from the npper tutr gtues 21.1 million xeaN and KA 1123 ftom the lower tuf
sives 23.1 nitlion yeals. Tle liihologic and geochroDolosic siniladties betweer
tlis rhyolitic seqrence and that of the type sectiotr of the Valley Spdngs Fora&
tion are stliking. tr'urthermore, sinilar rhyotitas in the Sonora and Angels Call1!
quadrargles to the south ard west, ftspcctively (Eric and oth€$, 1955), and
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in the Calave tas quaalranglo (Clark, 1954) to tle rorthwest, have been
the Yalley Springs Formation. It seems reasonable, th€rcfore, that the
sequenee at Pondercsa Way be designated as parl of the Yalley Springg
tion. The andesitic material and the Table Mountain latit€ that ov€rlie
rhyoliies certaiDly represent the Mehden Formation.

RarrLxsNAnE Err,L

and by augite latite of the Daldan€lle laeias (Ransome, 1898, p. 20).
from the biotite-augite latite at this occunonce gires a date ol 9.2 million
(K41124).

At a point about midway beiween Souom Pass and Knights Ferryr near the
mill town of McKay, Table Monntain latite is overlain by biotite-augite

Mountain latite caps Rsttlesnake Hill (ffs. 2, b). Ransom€ (1898, p. 19)
the relationships therc as follows:

Tle stnciure of this hill is rdther condioated. Or iis vesiam side fie nssire angil€laiih
selrai€d f.on the Bed'roct seies by ihree beds oJ 3ojt, lighf dolo&rl trtr, while or tle
side Ure llece ol Ure tutrB ir taker bX 5 sheet ol grst highlt gra$t lars yith a
luter, vhic! nar beetr louil ro bo e vitropltric biorite-lariie, sodeFhoi rcsending
g.alhiealty csrtaid facies of th€ niodte.augitc'lotite foning &e lccod Aow ot the seri€,
s l r c  i i g , t r pm l l y l ouDd  Fq r : ng  

"pon  
l l . p  T "b l p  UoLo  r i u  dos$ \p0  lD ,  rwooc  u - ro l dhd . ,

Betweetr thc ritrodrric taya and the aueiielatii€ .ap occus a rcrt thi! laXer of &ddis[
of somevL8t Dc€rtai! afrtrities . , ,

Roaalcuts. made sinee Ransome's time. now circumscribe the hill and show
th€ soft rhyolitic tufis are underlain by the "vibophyric biotite latite" and
therc is a continual gmdation lrcm the gruy "vitrophJ.xic biotitelatite" t0
"rcd lava"j these two "lavasJ' descdbed by Ransome are two phases oJ the
welded tnff. A thin, poorly exposed layer of stream gTavol, containing
of metamorphic and granitic rocks and and€site, occDls at the base of the
Mountain latite on the east side of the hil1.

About five and a hall miles southwest of McKay. an erosional rernnant. oI

Plaeio. lase q"parar"d f t  o-n rh" Table ILou'1'r i ' l  la l i le at rhis lonal i ry (KA
sives a daie of 9.0 million yea*; plasioclase fxon the nnderlyhg latite

.pldcd ru0'srd Ibe Tab'F Moun-air  la:re probdbl}  o ginar"d from

SoNoR,r Pass AIEA

tu$ siv€s 38.2 million y€ars (K-q. 1122). The so{t 
"hyolitic 

tufis between the

eluptioff in the direction of the Sonom Pass area, anal may be corr€latire
part of the Yalley springs tr'omation.

The seology oI the Sorom Pass area has been studied in detail by S

in this area are lhyolite tutrs that 61led channels cut into the early
(1953); tle stmtigraphy is summarized in 6sure 2, o. The oldest Tertiary

sudace to depths of as much as 800 feet. Rhyolites from two localitias wler€
such channel €llings occDr.have been dated. KA 975A (biotiie) is from a sanple
collected from the lower part of the rhyolit€ scqu€nce in Lower Eagle Meadowi
ihe indicated age is 26.1 miliion yeals. This is an argor redetemination on a
sample previously reported by Dalrymple (1963) as 25.7 niltion yeans old. Sani
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ihis sa.me mck (KA 1163) sives 23.3 million years (diserepancies
&ges on different minenls from the same rock are alireusseal later in this

), The seconal occurence ol rhyolite, along Treavitt Creek about t\ro miles

extnrd€d to cover the Sonom Pass arca with deDosits that arc now. in

the prcsent Siera crcst, is dated as 29.5 million yes,r'E (KA 1011, sanidine).
the early rhyolites vere d€posited, andesitic tuffs, breccias, anal flows

more than 3,000 feet thick (Stemmons, 1953, p.41). During an inteNal
andesiti€ eruptions, the CataEct Channel was cut into andesitic deposits

(Dahynple, 1963).
for minor andesitic and basaltic eruptions, the eltrusion of the latites

of as much as 1,500 Jeet near Sonora Pass (Irindgren, 1911; Slemmons,
! .  189) .  af r " r  - l ich thc rh i .k  5equer ce o l  l0r i r j "  f lows Na.  c l t .uded.  A

sample of basalt from a flow of the Dardanelle {acies. collecteat at

underlying biotite-augite latite lmm the same locality $as previously
Peeb gives a date of 9.3 nillion yean (KA 969). A date of 8.8 milion yeals

last volcanic event in the Sonora Pass area. Basin-range faulting and
of erosion vhich account Jor the present topography in the Sonora

area legar after the volcanism that pmduced the latites (Slernmons, 1953,
) .

ism in the Eigh Siena was preceded by uplift and by a T)edod ol exosion
which V-shaped canyons were cut into tle early Tediary suface (Curtis,

j Slemmons,1953). Deposition of the tuffaceous sediments of the lowef Valey

Sierra Neaada is presented in ffglrrc 3.

andesitic volcanisn began. It is known, however, that rhyoliie Fas erupted

began in the cenhal Sierra by lat€ Oligocene time (33.2 milion yeaN
with the eruption of the latite welded tutr at Rattlesnake TIill. Rhvolitic

Formation probably begatr shorUy alter the earliest rhyolitic elupiions

yeals ago). The niddle alrd upper parls of the Valley Springs Formation

rhyol i lc Iutr  w8s.r i l l  a. .urnnlar iDg in rh" Sonora Pasq arpa rvhi lc rbe
Yalley Springs was being deposited is not deffnitely kno\cnr for onty two

near Sonora Pass ware dated, and erosion removed mueh of the rhyotite

Su.rM{RY

tion chart sunnarizing the stratigmphy aral geochronology of the

in ile High Sierra contemporaneously with the deposition of the npper

Sonora Pass (29.5 million yeals ago or before), and rhyolitic volcanism
in the Sonora Pols arca at least tuto Xhe early Miocene (23.3 to 26.7

daied as 22.8 io 23.1 ntrillion yea$ and 19.9 to 21.9 million yea$, respectively.

been dated as 20.7 million years (seepp.20 21and table 2).
aralesitic volcanism which caused the deposition of the extensive prc latite

Iatite, atr ancient channel oI the Stanislans River (the Cataract Channel)

of tle Valley Sp ngs Formation, because rhyolite tuff Lear Ebbetts Pass

tufs, ana flows in the cenfal Sieua Nevada took place throughout
or part ol the middle and late Miocene and early Pliocene. Sonoetime ioward
end oJ this period oi volcadsm and belorc the extrusion of the Table Moun-

ftom Sonora Pass to near Knights Ferry was cut into these deposiis
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ol as much as 1,500 faat near Sonora Pass. Segmenis of this chamel
lr0served b€neath the Tabte Mountain latite, which fftled most of iis tenEth.

and that tlds thick sequence of latites was deposiied iD a relativety shorl

pontreous with andesitic volcanism in the Sonora Pass ar€a. the Mehrten
ion rnas being fonned in the foothills from andesitie marerial swept west-

as flur.ial sedim€nt and as n1udflorvs. Some andasfte breccia was deposited
of Sonom Pass after the deposition of the tatit€s. The Mehrten Fonnation

d to accumulate in the foothiils at teast untit tare Eenphi[ian (tate
) time.

BITAIIiSDEN AR,EA

Teftiary mcks oI the Blairsalen area comp se a thick sequence of andesitic
material, rhyolite tufs, basalt flowsJ and flrvial and iacust ne deposits.

in latite show that these deposits in the Stanislaus d€inage are earty

rocks have been studied and descdbed by Durrel 0959a, 19b9b). who
them into eight formations, sumnoa zed in trgure 4. Durrel (19b9a. D.

states that "with th€ exception of the Auriferous gravets and the Trovejoy

of 9.3 milliorl yeals on basalr of the Dardanelle facies, dat€s of 8.8 to 9.2
years on biotite-augite latite, and a date of 9.0 mitlion yeals on the Tabte

which were evidenily connned to vatleys, the Tertiary units vere
as €heeis of $ride €xteDt, and . . . each forrnation is separateat from the

by faulting and €rcsjon."
ages assigned by DuIIel1 (1959a 1959b) to the for.mations of the Blairsdlen

lor the noltherrt Sierra thar for the central part of the mnge. IIis
t oi the Ingalls and Lovejoy formarions to the Oligocene and Eocene,

ively,  would iDdicale rhaL lolnan,sm b.gatr jn rbe Btairsden area .n rnb
than to the south and that the ffrEt eruptions werc basattic and andesiric
thatr rlyolitic. It thercforc seemeal ilesirable to dlate some o{ rhese rocks
evenis anal lnits in this palt of th€ Sierm Nevada could be conetated

if coIIeeE would nec€lsitate a considerabty diferont history of Terriar?

mialalle and late Terliary historT of the Blairsd€n arca is not so grossty
ihose in other pafis of the range.

t from that of the centual Sierra as was previously supposed, but, .with
e:ceDlrons. ffrs vfl'y well oirb 1]c sFquFo?F ol evetris esLabl,\hFd fof Lh"
Sierla.

AGE oF TI4 DEI,I,EKER FoRMATIoN

(1959a, pp. 171-1?2) has conelateil t]le Delleker Fomation with rlvolitic

Miocene on the basis of fossil l€aves. Three samples. cott€cted from
diferent occurrences of the Delleker Formation. lave been dared. KA 1126

) 'was concentnted from tuf from the section descdbed by Durre (p.

in th€ Vtuginia Raqe of Nevada that are overiain by volcanic rock! dated

as the most representative anal gives a alate of 20.5 million vea$: a biotite
tuom this sam€ rcck gives 29.9 million years (KA 1190). The Dar-

sample from which th€se coacenhates eome contains smail inclusions of
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dliorite that is comloseal entirety ol fresh biotite a]1d plagioclase. TXe biotite

centlate (KA 1190) apparently contains flakes of biotite fmm ihis older
material that were lot suinciently heated to release all the pxeviouslv

lat€d radiogenie argon' whereas KA 1126, because oI the paneitv of

! : 5
: : e  u p p e r  m a m b o r

r ;:; -_-
F  g  3 ;  m i d d .  m e n b e r

b-"d.5 r" ."drb* b."*r"l
l co iq ,omdd,e .  s  1 ! r  f  I

E"d6  b  *da" -  b , " " " , !

8"""d

Tig. 4. Stntig4$X of tle BldirBil@ a@. fiter Durlell ( 1959@) .

feldspar in tle diodte inelusions, is nnconta.ninated. Tle date of 20.5
years is th€rcJo* considereal the most nearly correct age for the Delleker
tion at tlis locality.

trA 1234 is saridine lmm an outcrcp of tle Delleker tr'ormation at the
section ot the Lovejoy Formation along Red Clover Crcek At this localitv
is a continnous section in ,wlieh the Lovejoy, Ilrgalls, Dellekel, atrcl Bonta
mations are all exposed (Durlell, 1959&, p- 168, map 4; 19590, p.203, nap 3)
This sample glves a date of 22.2 nillion yea*; the Lovejoy and Ingalls
tions at this loealitl mnst, thercforc, be older than this.



hdicated age is 26.1 million yeals. Un{ortunately, neither Lovejoy nor Ingalr
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ihird sanple, KA 1127 (sanidine), lvas colectaal from al1 outcmp of Del
rhyolite tu$ on the Feather River highway between Deleke,- aad Podola!

at this locality and thexeJore the rclation of these units to the rhyolite
be determitred in ihe ffeld.

appea$ that the D€Ieker Fomation comprises at least three distinct rlyolite
whose eniptions werc sepdxated in time by some 5 to 6 million yealx. Thc

is early Miocene and is approdnatcly conelative n'ith the Valey Sprhgs

Burrac. Th"s" .or+10r ions ar" based on :r  pe.r l i8r. 'y dist in.r i \  e l i rhojogr,

tion in the foothills of t]1e centlal Sierm Nevada.

AcE orr rEn TrorEroY FoRxlr.fioN

has corrclated the Lovejoy Fornoation wiih occunences of lithologically
blsalts at Oroville fable Mountain in the foothills near Oroville. in the

of the Sacmmento Valey, at Pulnam Peak near Yacaville, and at

negascopic and mieroscopic (see DuIIell, 1959b, pp. 198-202,211 213). Tn
with the coll€lation of tlle basalt at Oroyille with that of the Lovejoy

paleomagnetic studies have sho$rx that the alirections ol remnant
ion at both the twe section and ai Oroville Table Monntain arc appmxi,

ion,1963).
Th€ age ol the Lovejoy Fomation is considereal by Dunell to bc "Upper Eocene
Low€! Olisocene" (19590, pp. 193, 216). He ptaces the lowel limit of ase at

Eocene" becanse "in the Btainden quadrangle, at Oloville Table Mou]l-
and ei nl]merous places in bet$'een, the basalt &sts on the Aurifexous gmvelB
ere Middle Eocene (Macciniiie, 1941). In the Sacramento Valey ttre basa.lt
on the Middle Eocene Capay loraution.. ." (1959b, p. 215). His evidence

aDtiparalel to the present axial dipole lield (C. S. Gronm6, pelIonal com

the upper limit of "Lorver Oligocene" is the occurence of two large boulale]B
"numemus" smallel blo{ks of Lovejoy basalt in the Uppcr Dutch Diggings

anal congiomerate anal appea$ to fll a small charm€l cut into carbonaceous

pit near the to1'!n of Ira Portei this is the pit in whicL the La Porte leaf-
ing tuff cmps out (Potbury, 1935; Maccinitie, 1941). The La Pode flora has
caled "Upper Eocene or Lo$'er Olisocane" by Potbury (1935, p. 59) and

H. D. Maccinitie alld D. T. Anelrod (quoted in Dunell, 19590, p. 167). This
dacite vitdc tulT is unconformably overlain by andesite mudflow

elay a]ld arkose which ovedie auriferons g"avels. Duxrcll statas thai
of Lovejoy basa.lt can be found ilr place in the laeustriDe clars and

t th€ Lovejoy nust thercfore predate the lra Po{e flora-i.e., must be older
"Upper Eocene or Lower Oligocenc" (1959b, p. 216).

I collect€d fourleen samples of Lovejoy basalt fi.om tha Blairsden arca. These
numerous otheN, collected by C S. Gromm6 for paleomagnetic study, were

end adjudged usatisfartory for potassium-argon dating; i.€., they $'ould
bably give dates later than tle time of deposition of the basalt. Eowever,

ard aryon deterndnations wcle maale on ffve samplas in the hope thar
ninimum age might ba obtaired that would plove usofut. The results are:
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tA  994 Type seot ion ,  lowest  f lov  .  - . ,  , . . . . . , .  , . . .  , . , .  , . , , .11 ,5  mi l l io r  y@N
KA 1073 8to4y iidge . . . - . . . . . . . , . . , . . . . . . . . , . . , . . , , . . , , 10,1 nillior tea.s
E-A 1075 Tr le  sccr ioq  Bcoond dow l rom bot tom, , . , , . . , , . . , ,11 ,6n i l l i o r teds
KA 1076 Ty lo  3cc t io r ,  foDt !  f loF  f ron  to t tom . . , , , . , , . . . . ,13 ,6  miU ior  Fars
KA 1077 Trpe section" severth ltoF fron bottom , , , . . , . , . , , . 3,5 miuioa ye s

baralt must be oldcr than 13.6 million years. A more meardngful ninimun
The ody conclusion that can be drarm fron these results is that the

however, is pmvided by the date of 22.2 million yeals (KA 1234) on ihe D
rhyolite that ovedies Irgalls and Trovejoy formations at the Lolejoy true

Fig 5. Colm@r soctior ot rort! e l of Ororille South T.ble Molniain. l,oc&tior:
qusdrugte (It S. Geol. Surey, 1942 eil,), 3,000 feei S. 27 E. lrom nortleasL cormr ol soc,
r, 20 N,. !, 4 X.. on nortl siilo ol stddle.

At Oroville Sorth Table Mountain C. S. Gmmm6 andl I founal a
vitric dacit€ tl]tr about 3 inches thick, appmximately 100 feet below the base
the basalt flows (ffg. 5). Plagioclase from this tu$ (KA 1191) gives a date 0123.8
milion years, which plaees the maximum age of the Lovejoy basalt in th€ earb
Mioeene. The tutr is innediately overtain by andesite mudflov breccia that jr

iDdistinguishable frcm the andesite mudflow breecias of the Mehrten Fornaiior,

tain was recogl zeal by Dicke$on (1916, p. 390), Allen (1929, !p. 3?2-373), ad
Creely (1954, pp. 16+-174). Cr€ely descdbed thjs ardesitic matedal in detail ard
tentatively rcferred it to the Mehten Fonnation. Durrell, however, states ttrat

That  aDdebi le  nudf lo i r  brFncia oc.urrFd bplow rhp babarr  a l  Orovj l lc  TEblc M

"the basalt at Omville Table Mountain rests on the Ione formation and on Auri
ous sravels, and therc is no inte ening andesite tuff, breccia, or mrrdflow brccoia
that can be correlateal with any such unit elsewhere in the Sierra Nevada" (1959b,
p. 209 ) ; this statement is inconect.

Plagioclase ftom the Tra Porte leaf-bea ng tutr gives dates of 32.3 mil]ion years
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32.5 milion y€als (Evernden and James, in prcss).1Furthemorc, neithfl C.
Gronm6 no} T could fnd Trovejoy basalt ir ptace in the sediments that underlie

fiom the st€ep cliff face.

Su]'fM,{nY

ages of tha rocks in the Blairs.len arca, based on the evidence prcsented here,
slmnarized ir fsure 4. Auriferous sravels in the Blairs.len alea contain
bles of rht'olite which Durrell (1959a, p. 165) att butes to sourccs nortleast
'hp p pseDt Srprc N"vadr.  l_  L \or lb  co"srd"r ing Lhe focq 'b i l  ry  thar  t rp.e

pebbles cam€ lmn ihe Sierra Nevada and ihat som€ of the auiferous
in this ar€a might be as young as late olieoc€ne or eartl Miocene. Tho Trove-

La Porte TuiT; the small blocks mentioned by Durrc1l are embcdded in slope-

and Ir1galls formations can be no older than 23.8 milliotr xca$ ,.11d no younger

lain by 22.2-million-year-oid rhyolite tnf and that andesite breccia and tuf

DONNEB P-A.SS_TR,UCKEE AREA

22.2 million yea$i hence thejr age must be early X{iocene. Also, the age of the
Pofte Tuff (and the Ira Porte flora) is 32 nillion yeaN; i ereforc Lovejoy

could not, and in my €xperience does rot, occur in sediments underlying
Ls Pote Tuf. Bccause the rht'olites of the Deleker Fomation lange in age

26.7 to 20.5 Dillion yeals, the €ruptions of the Lovejoy basalts and the
te breccies of the Ingalls Fornation are included within the history of
ition of the Delleker Fornation (as described by DuIIe]], 1959l,), which is

tely correlative \{ith tLe Vallcy Sp ngs tr'omation and assoeiated
ite tnffs in the central Sielra N€v ln. The facts thot the Insalls Formation is

tl]e northem Siena Nevaala before rhlolitic yolcanisrrl endeal in the northern anal

ietwaen lrorejoy Fomation basalt and 23.8 million-year-olcl dacite tult at
Table Mouniain indicato that Mehrlcn-type andcsitic volcanism began

Sierra. T]1e Bonta atrd Penman formations arc probably approximately
tive with the Xfehrter Folnetion. The age of the Warner Basalt rqas not
in€d because the sampl€s that were collectcd wcre dcemed unsathfactory

]yhole-mck analj'sis, but Dulrcll ( 1959a, p. 179 ) states that "the Warner nay be
r . l y  i l F  b a m "  r g - , r s  r o p  T J . . l r ,  \ r  i F f  i s  U n p " r  P i i o  " r "  A - d a r . u n ,

p. 236)." DLlmell (lrc. ctf.) also noi€s that the Wamer Basalt "lvas erupted
l , . n e r i o d o l  i a u l r i n g l l a r  p r o o ! a d r o r p r e i F D r  - " r l p i  T h .  " .  W  n " r

be apprcxinaiely correlative irith the early Plio{cne latite sequence in the
al Siera is noi precludcd.

Cenozoic rocks of the Donner Pass-Truck€e orea comprise, from oldest to
gest: aurjferoris sravelsj rhxolite; anatesite tuffs, brcccias, ard flowsj basalt
ilrs and flo1vs. Lindgren (1897, 1911) believed thr.t the essential topogrnphic

of this areawere establisled pfiorto "Neocene'' tirre and that the Cenozoic
'Tne nrst deteminalion otr plagiocldc lron Urc I-a Porte Tuff (E-{ U3B ) g:!. & daio of 23.7
llion years (table lj Dahtmlle, 1s636, !.34). two s!!s.q@rt dcl.rninotions bX J, !,llion years (table lj Dahtmlle, 1s636, !.34). two s!!s.q@rt dcl.rninotions bX J, !,
rnden, on splits fron ure same mireral concentrate tlEt Ras lsed Jor ure nrst deteminaiior,
!o dst.! .l 32.3 aril 32.5 aillior rears, Although ure reeson for uris iliscreriarey is lnhnoia,
islronallX due to a teclhi@l error in Ure nNt iLetcrmia.tion. Becluse of tne good sg..om.af
,reen the lwo deieroinario4 madc by nvondcr, tney lrobauX nost marly reprcseft the ase
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voleanic rocks were alepositeal on a topogruphy similar to that of today.
alro thought that tle basalts of this arca were Pleistocene.

Hudson stualieal an area west of Donner Lake. near Donner pass. and concl
(1951, p. 941) tlat "the basalt of the Truckee quaalrangle was d€posited ir e
titruous sheet on a sudace of low reliel which was in ro way the ancestor of
prcsent rugged tenaine. It was then severcly delomed and alissecteat prior
glaciation." IIe believ€d tihese basalts to be Pliocene.

The Pleistorene geology of tle ltruckee area, €ast of Donner pass. has
siudi"d by Birk" land (1961, 1962, 1963J, wbo coDcludFd ,brr tb" baqalrs
arc €ady Pleistocene, tlat the defomation rhich fomed much of the
topogBphy is P1io-Pleistieene, and that the bosatts spreait ort from
vents over a sur{are similar to th€ present one ( 1961, 1963 ) .

AeE oF VoLcA\.rc locEs NEAR DoNNB PAss

The geology of the arra reax Donner Pass llas been studied by Tludson
1951). The stratig"aphy of the area is sunmariz€d in ffgurc 6 along with the
assigneal to these rccks by Hrdson ( 1951 ) and in this paper. Two dates on
from tle \yeld€d rhyolite tuffs at Beaeon P€ak (ffg. 7, (1) show that these
ale late Oligoc€ne and eaJiest Miocene, not "Middle Eocen€,' (Hudson, 1951,
945). Eudson (p- 937) mertioDs that abort 1000 leet ol rhyolite occur in the
t|o miles southwest of Mount lrincoln; it is probable that the thin occlllrcnce
Beacon Peak represents the olde? deposits of rhyolite in the Donner Pass area.
1235 ( 26.0 Inillion yeam) is from a dense, gray welded tuf that oecurs at the top
the rhyolite sequenee at Beacotr Peah. This upper tuff is distinctly difrerent
the underllng pink welded tu$ (KA 1131, 33.2 milior yeals) and was not
scdbed by Hrdson (1951, pp. 936-937). Tle rhyolites are overlain by analesite
to which Hldson (pp. 914 9a5) assigrs an age of "Irower Oligocene or

clase lrom the lower flow gives a date of 7.4 million yearts (KA 1109). This is i

Eoc€ne" because of conelation with the Tia Porte Trf. The aDdesite tntr is
by andesite mudfow br€ccig which Hudson calts "lower Pliocene or upper
cene" (p.944).

The andesites on Beacon Peak arc ovexlah by mudflow breceias composed
basalt which has hruer*thene as ar essential constituent (Eudson, 1951, p. 943)
This breccia seems to be corrclative with similal deDosits which caD Casue P
about three miles nofih of Beacon Peak, anal are underlain by massive
basalt flows (trg. 7, b). Two flows of hj,-pe"sthene basalt cap Boreal Ridge, one
rofihwest of Beaeon Peab overlying atrdesite mu&low brcecia (ffg. ?, c); plagio.

agrcement with the Plioeene age assigreal by Eudson to the hl.?orstherc basalt
flow! andl agglomemtes.

AcE or B,rs:|J,Ts rN TlrE TaHoE TRucmE DDpREssroN

Basalts in the iDmediate yicinity of Truckee ald the nortLw€st shore of Lale
Ta.Loe have been stualied in detail by Bixk€land (1961, 1962, 1963), wlo included
th€m in the Lousetosr X'olmation. Ee has given informal member names to th$o
flows end placed some of them iD their appNxinqate relative order, as showr in
ffgurc 8. Tle flows are all r]nderlairl by andesitic deposits anil, aecoraling to Birke
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land (1961, 1963), postdate the inception of the faulting which proaluceat the
preseni topogTapny.

The olalest of thcse flows, the ,Uder Hill basatt, has sufer€dt considerabty llore
dissection and {aulting than the younger flo$,s (Birtrcland, 1961, p. 27 and pt. rj
1963). A Nholc-rcck sample ol rhis basalt gives a date of 2.8 mi]lion yea$

B E A C O N  P E A K C A S T L E  P E A K BOREAL R DGE
(ol  (b) (c)

I'ig, 7. Correlatiotr of TertiorX rocks near DoDrer Pass. gecriors floD Beacor pelk and Cdie
Pcq.t a fter Ilurlsor ( 195 1 ) . Nunb ers jl !.ren rh eses ir dicato q!! roria ate rliclDease!.

(KA 1102). A geomorphically similar basait norrheast of Tahoe Citynear Watson!
Creek sives a date oI2.2 nillion years (I(A 1096). lThis ]arierbasalt is jusr south-
east of the arca studied by Bii*eland, but is showr on Lindgren,s geotogic map of
the Truckee quadrangle (1897).1 Thc other flovs shoiin in ffsLlre 8 are noiably
dissecteal only vherc incised by the Tmclree River, and the effecrs of faultine are
) igol  or aob" ' l .  Thc Hir . . l ,dr .  ruA 1094 .  Da.d l loun a !  ,  KA t0;8/,  and
Tahoe City (KA 1097) olivine latites gi1€ dares of 1.3 niltion years. 1.2 mi ion
yearsr ard 1.9 million yea$, respectively. The difarence o{ 0.1 milion vean
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Hirschdale and the Balal Mourtain olivine latites may not be sis-
Bbkelard's (1961) evialence for th€ r€lative ages ol these two units is
ium deposited when the Ei$chdale flow blocked the Truckee River over-

Mountain member.

Itig, 8. Sequen@ of ,ohe of th€ Plebtoc@e l&* flo{s of tLe loursiom llor@rio!
mar T\ckee, accorititrg to Birkelaril ( 1961) .

SUMMAnY

disasreement between Linderen (1897) and Hudson (1951) conceming th€
of the basalts in the Donner Pass andl Truckee areas and the rclation to the

that prcduced the presert topography is a alilect consequence oI not
that there are two distinct generations of basalt. The hypenthane

anal basalt agglomemt€ west of the Tahoe-Tmekee depression (near Donner

Hi r3chdo l6  o l i v i ne  l o i l t es

adrd  Mrn  o l iu ine  ro r i re

Tohoe  c i t y  o l i e i n€  l a t i l . s

early and middle Pleistocene and werc dlepositeal on a topography similar to

the prcsent topography was formedl; its sge is nqiddle to tate Ptiocene. The
flows in the Tahoe-Truckee ilepression (Lousetorvn Formation), in eontmst,

of today. The laulting that produced the Ta.hoe-Truckee deprcssion must

ion yeals ago. Accordingly, the ag€ of the ineeption of the faultins i! Iate

) has been deeply eroded. Tt occuN only on ddge crcsts and was atepositeal welt

or early Pleistocene. This isin accod with the views oI Troudeiback (1924.

ve been initiated long after tbe deposition of the ?.4-miltion-year-otd basatt on
Ridge, but befor.e extrusion of the Lous€town Fomution basatts began 2.3

5), who states that ". . . it seems reasonable to conclude that the [scar? pm-
ingl fautting was be$n in late Pliocene or early Pleistocene time,,,anal ot

Iand (1961, 1962, 1963).
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The rhyolite tuf near DoDner Pass is late Oligocene and early Miocene
thercforc appmximat€ly eonelative Fith the Valley Splings tr'ormatiotr and
ciaieal rhyolites in the cenha.l and lorthern Siena. Andesitic and older
deposits (h]?erxtlene basati) neax Donner Pass ale appmximat€ly
FitI part of the Mehrten Formation.

DATES T'R,OM S]ER,R,AN R,EYOLIT]C TI'FFS
ArDrrroN,an D,a.rEs

Severa] other rhyolite tufs rere dateal in an aitempt to help establish the limits
rlyolitic voleadsm in the Siena Nevada. Table 2 presents all the potassium
dalcs on rhyolires and similar roclts f"om rIa S:"rra Npvada. ThF oldFql dat€s

TAB],X 2
?o$Br@-AEcoN DIEB oN REyornc Yola,\Nrc Rocrd oF tm 8turM Nrv D^

Vauey SlriDgB Ib.

UPP'r tLd

L o v e r  t u f i .  .  . . . . . . .  - . . . . . .

U p p P r ' u , r l  . . . . . . . . . . .
l,over lufi. . . . . . . . . . . . . . . .

Rattldlake HiU tufi. . . .. .

lower xesle Meadow iutr.

19.9.
2L.9
22.8

21.1
23. I
33.2
2l.3
25.1 '
26.L
29.6

20.6
.9

22,2
, L

2!1.7
32.3b
32.5b
23.8

26.0
33.2
n .7
23.4
22.8
22.6
28.1
16.1
28.1
4 , 8
4 . 7

Delleker In.
I n  s e c .  3 2 .  . .  . . . . . .  - . . . . . .  .

Lovejoy Im. i,"e seclion. .
Ieather River lighF&y. . . .

I  & Porto Tutr , .

Orovi l lF Trbh M'D.  ru{

Gray uppe. trff
P i n L l o F e r  t - f r . . . . . . . .

Upper Xiuey L&ke tufi, , . .
? l @ C . e e k t u f i . . . . . . . . . . .
Sk i i lm@ I lat  tu f i  . . . . . . . . .
L a k e A l t r t u f r . . . . . . . . . . . . .

S a t t l e y  t u f l  , . . . . . . - . , . , . . .

Nobel C@yon rhyolite.....

.nsi{m(, Dsrrrpro(rso.
b Rerdbc6: Evd0Lr60 8nd J@s (in erw).

IKA 1168
LKA 1072
KA 1132

xa 1101
xA 1123
KA 1t22
fiA 1163
KA 975
KA 975A
KA 1011

JxA 1126
lxA 1190
KA 1234
KA I1N
KA 1133

KA 1191

xA 1235
KA 1131
KA 1121
KA 1124
IIA 1129
xA 1130
xa 1200
KA 1098
I<A 1202
fiA 1119
KA 1120
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nation of sanidine concentrates because the D?obable sollrce of eonta.nination.

and granoal ior i re).  S'nal l  innluslon" ol  grar ir in na lpr ial  ndn bp four d jn band
mens andl thin sections oJ mary of th€ Sienar rhyolites, and are generally
posed of biotite, hornblende, ard plagioclase. Although eontamination by
biotii€ and plagioclase is the more likely, contamination oJ sandine concentraies

Sienan batholithie complei, is low in pota-ssium feldspar (nostly quartz

older poiacsium-feldspar ca.nnot be prccluded and dates on SierraD rhyolites
tlemfore be treateal consel-vativ€ly. It is important that a1l dates it1 table 2 be
uated rr eontext with their geologir setiing and with oth€r alates that ar€
related. My eveluation of tle dates listed in table 2 is as folows:

yo,Iley Springs Formetion.*The discordance between sanidine and biotite

between all the dates on Yaley Spdn$ Fomatior tutrs, the age of the upper
middle parts oJ the Valley Sp ngs Fornation is well establisLed.

Rattleffio,he E,ilL frf.-Conside"iry its position in the geologic sectio4
date can be tlusted to indicate the proper oder oI naenitude. i.e., this tutr is
Oligocene or early Miocene.

the upper tuff in the t}?e section is not sedous anal, conrialering the

Upper Kinne! Lake, PIun Creeh, and, Skilltnm Flaf Zds.-These ffi well

Detleher Formatiok.-KA 1190 is contaminated and has been discusled in
section with the Delleker tr'ormation. KA 1126. KA 1127, and KA 1234 are
logically reasonable and I co$ider these dst€s reliable. The ase oi the
Fomation is well established as early Miocene.

Leaa;,tt Creeh fuf,-Probably conect, at least in order of magnituale: i.e.,
tutr is late Oligoc€ne or early Miocene.

Lo, Porte o,nd, Orauile Ieble Mobntai.k Tufs. The hand specimeB and
plagioclase corcentrates were examined carefuly for signs of co

Latuer Easle Mead,aw Trf.-For the purpose of this inv€stigaiion ihe
ancy is not serious, but l would place sliehtly $eater conffdence iD the
date. The age of rhyolites from this section is, hovever, well establisheal as
Miocene.

material anil none werc found. The aliFcrepancy in the Ira Poft€ dates rdas
cussad jn rhF sFnr ion dpsl ing wirb b"LovFjoJForma' ion.Th.da pqare

rcliable.
Beacan Peak :Iufs-Probably conect, at ieast in order of magdtude; i.e.,

tutrs are lat€ Oligocene or aarly Miocene.

the geoehronology of Tertiary rhyolites lrom other parts of the range and
pmbably nearly collect-

Lake AIta and, Sattlelt Irfr.-The ptagioclase dates ale most eefiainly
by eontamination and the sanidine dates are considered the moxe reliable.

Nabel Canyon RhAolite. These ilates arc €onsidercd reliable becanse of

A DATE ON ANDES]TE PDBBLES FTiOM TTIE
WHEATIJAND FOF,MATION

The Wh€attand I'omation comprises tufaceous sandstone and shale which over-
lie a basal conglomamte that contains anderiie pebbles and "Upper Eocene or



prior to the late Oligocene-early Miocerc rhyolitic volcanism or whether
source of these pebbles might be deposits of approximately Mehrten ase, with
f0$i1s being revorked from older beds.

was separated Jr;m about 35 to 40 andesite pebbtes colected fmm
basal conglomerate and was analyzed for potassium and aryon; the rcstrlting
is 53.5 nillion years (KA 1253). Ii should be emphasized rhat this indicated
yas obtained tuom a composite sample, and is therefore a ,,conposite age,'i

not necessadly rcpftsent either the age of the Wheailand Fo nation or rhe
of the sourc€(s) of tlre pebbles. Tt indicates onty that (1) the Wlleailand

ion is younger than 58.5 million yearE ( late Pateocene to early Docene ) , and
at least one of tho sources of the andesite pebbles (if th€re $as more rhan one

used and therelore never appea$ in Lindgren,s age assignments.) A
Eocene age for some of the Sieffan anriferous gravels in or near the foot-

decided to date some of the andesite pebbles to see whether rhese andesiteswerc

seems to be well €stablished (Dictrerson, 1916; At]en, 1929; Creely, 1954);
rer, the Jollowing evidence indicate€ thar many oj the seeminsty prevotcanic

) is older than 53.5 million yeals ard thns predaies the late Otisocene +arly
re rhyolitic lolcanism. The tocation anal natue of the souree(s) arc

ACE OF THE AUNIFEROUS CNAVEI,S

5?). (Ti nustbe renenbered that du ng Lindgran's time, .rotisoceneJ, was not

recent workels have inJered that the prevolcadc gravel_s of the Sieffa
are categodcally of Eocene age. The io owing conm€nts are otrered to

ize that ihis is not necessadly so.
Irindercn subdivided the auriferous gmvels into lour principat ,,epochs,,-

older to younger, deep gravels, bench gravels, interrhyolitic smvels, an.t
itic gravels ( 1911, p. 29 ) -about which he made the folowinE statemenr:

ccording to presert evidence, then, nearly the jyhole of the auriferous qravel
ies, I rom rh" .op ol  t . r"  dA p gr l  eplb ro r le lc . .1 anrl . ) i r  ia iow.,  $ c-e dpDosiLed

tbe Miocene epoch. The deep gravels are r€cognized as probably Eocene,'
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Oligocene" marine molludrs (Clark and Anderson, 1938). The lormation
out about dve miles northeast oi Wheatland anal is o{ only local extent. It

gravels are Oligocene anal perhaps some are as young as early Miocene.
Wood (1960, p. 10?), restudied sev€rat fossil lnanmats frcm rh€ au ferous
evels of the SieIIa Nevada and eoncluded: ,,The fossit mammats of the Wtitnev

tior tuon the CaliJornia 'auri{erous gravels, are all of mid-Terliary age,
the probable spread only fron or€ltan to Whitneyan (middte to uFEer

e). The extreme possible spread vouldbe flom Chadronian to Adkarcear,,
early Oligocene to early Xtiocenel. One of the specimens srudied by Wood is

ibed as having come from the "deep 'auriJerous gravels, ,, ar DouEtass Ftat.
vems Couty (p.88).

KA 999 is sanidine from a rhyolite boulder lound in tlace in ihe quailz e"avets
rhp Tart iary Tuolumne R'v.r .  TbFra sravFls ara rhc old.q Tprl icn a-epostrs
tn" TuoluI}rnP drain€cp: Ir le T"f l  iary.hanDFloi  I  o" Tuolxnr "  Ri\ . r isdp.; I ibe. l

by Tumer (1901, pp.540 541) and by Irindsren (1911, pp. 218 219). The glavets
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are about 30 to 40 feet thick at the locality ftom rhieh the sample was
ard the bolllder was found about 15 feet above the basa ol tle charnel The

'was active until after the e$ption of the tuf lmm which the boulder ca.me,
in th€ late Oligoeene to early Mioeene.

The aurifemus gravels beneath the Ira Porte Tufr are often cited as an
ol  a gL€vFl  d"posi r  wboq" a€e i$old. r  r ldn laro Eocpn".  l l  baq hra.  q\oFn:n

previow section of tlis paper, howevet that the Ira Pode Tuf tu oligocene;
underlying gaavels thercforc need not be any older than Oligocene.

Tferp is rhus FvidpDce 1-bar Te fl i d ry gr d v F | . o |' $ i d F | ) dieprs. ac"s e:'sr in

cated ag€ of the bonlder is 28.5 million yeaN. Thus the Tertiar']- Tuolumne

Sierm Nevada. Because rhyolitie rolcanism appa"ently did not b€giD in the

r ivFrs,  a l  lougl  1Ie3 maybav"bnsunrherr .or fqesin he Eo.pnp,  \ rpr .  prc

wise to rcfer them to tl€ broad pedod ol the niddle Eocene and the Oli

until the late oligocene, it is reasonable to concluale that many of the Terti

aetive until late Oligocene or even early Miocene timFie., until such tillr€
, le i r  channi ls  wer 6 lhd,  t j re : f  grov" lq ser"  bur iFd by !o.dd:c debr iq,  and
rivers were forceal to seek new courses. ?h€refor€. unless there is Eood evi
Jor assigring a defnite age to prcvolcanic gravels of a pnrlicular locality, it i

xather than to a narlower intel.yal.

AGE OI' TTIE CANYON STAGE OF EIiOSION IN TIIE
UPPER, SAN JOAQUIN BASIN

SERR.{N IRosroN SuRFAcEs

A classic ar€a Jor Sierran emsion surlaees is the upper KeIn River badn, wheN
bmad nplands oI rclatively low relief are sepaxated by abmpt dses. The gec
morphology of this arca was ffrst shdied by A. C. Irawson and G. K. Gitleft i!
1903. Their obseFations werc recorded by Lawson (1904), 1fho namerl ihes€
sur{aces the Sunmit Uplard, the Subsummit Plateau, the Hish Valey, ard th6
Caryon. Matthes (1937, 1950) later stualieal these sudaees and rcnamed then the
Mourt 

'w'hitney, 
Boftal Plateau, Clagoopa, anal CatryoE erosion surfaces, rcspec.

tively, adding another, tle Cilque Peak erosion surface, between the Monnt
wlitney and the Boreal. Matthes'nanes will be used in this laper (ffg. 9, @).

In studlies of the Yosemite Valey altd of the San Joaquin niver basin (1930,
1960), Matthes recognizeal foul stages of €msion, which he called the Canyon stagq
the Mountain Yaley stage, the Brcad Valey stage, and an older stage he ftferrcd
to as "an Eoeene sur4ace" (tre. 9, D).

Estimates of the ages of these Sierrar ercsion surfaces have vaded wid€ly.
Irawson believed that the uplift that initiated the Eigh Valey $rface (Chagoops
suface of Matthes) \ras "a part oJ tle verli' mreh wider disturbance ot the Codil.
leran region rhich inau$rated tLe Quatemarx" (1904, p. 864), and that the
alevelopment of the high valeys "occupied the greater part ol the Qutemarv',
(p. 365). Matthes, appraising the durations ot the successive erosion cycles i4 tle
Kem Riv€r basin, €stimatdl approximately one milion years for the Catryon, 10 t0
$ ndlion yeal's lor the Chagoopa, and perhaps as long as 20 million years-at
least 5 to 10 million years for the Borcal ( 1937 ) . Ir the Yosenite and San Joa.



areas, Mattles ( 1930, 1960 ) coNidered the Canyor stase to have beer eaNed
durirg rhc PI"r lo.pne, tb" Mout 'ain Val ley stage 1o la ve (  mbrar"d 'nosl
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Pliocene, and the Broad Valley stoge to have been initiated sometime in

basin wrs atypical for th€ mnge as a whole ard that a pftcise con'elation

Miocene. Mattl€s did not attempt to corrclate ihe surlaces in the Yosemite and
Joaquin areas with those in the Kem River basin because he felt tlat the Kern

difaculties (1960, pp. 20 21).

Bo,eorlProt€d 
I

ChoEoopo Plo loou |  , -

1 , -
I

(o)

I
conlon I

(b )
Ilig 9. Diagratu of. (a) erGiod Burfeces of Kem Brve! lsin. Ailalied.fter Knotj (1918)

Mattles (193?). (D) Ero.iotr steges o{ Yoe@ite ud Se Joa4uin reeB. A&lted atte!

-A:elrod and Ting have strdied fossil pollen frcm the Chagoopa and Borcal
es and have couelated the "Eocene" surface i]1 the YosemitFsan Joaouin

(1933).

with the Borcal sur{ace in the Kem River basin, assigning to t}em a late
Pliocene age (Axehod ard Ting, 1961, pp. 120, 145; Axelrod, 1962, pp. 185 186).
They conelate t}€ Brcad Vauey stage vith the Chagoopa Plateau, shich they date
as Plerstoc€ne [Kansan] (Arelmd and Ting, 1961, p. 145; Axehod, 1962, pp.
185-186), ard siate that the Mountain Vauey stage was ro morc than aD €arly
cycle in the alevelopment ol the Canyon stage, botl appearing to be middle Pleisto-
oene (1961,p.146).

Hudson (1960, pp. 1555-1556) coneluded that tl€ Bmad Valley surJace vas
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carveal on t]1e andesitic deposits of the Mehrten tr'ormation, is thercfore no
than lat€r Pliocene, and that the "date of the ffnal bmad,valev channels is.
between lower and middle Pleistocene." H€ also beliered ihat "the end of
mountain-valley stage was in late middle Pleistocene tine" (p. 1556).

Recently Dah?Tpie (1963), applXing the potassirm-argon methoal to a b
wbi .b 6 l ls  a canyon cur  in io rha.bagoopa s] l r far"  

"1 
rhe K"rn Rivpf  d" ,

and to one that was deposited on the Mountain Valley sudace in JoEe Basitr in
San Joaquin alrainage, has shom that the Chagoopa surfaee wa6 djssected
canyons as much as 800 feet deep by the late Pliocene (3.5 millior yeals ago)
that the Mountain Valley stage of erosion in the San Joaquin area lvas weil
veloped by early Pliocetre tin€ (9.5 lrillion years ago).

EYDDNoE FRoM TIiE SourF FoRK

KA 1093 is a whole-rock sample oI basalt from an oceurrcnce along the nor.th

Forks Creek. The elacial geology and geomorphology ol this arca have been studi
of tle South Fork of the San Joaquin niver, between Warm Creek and

by Bi nan (1957), \yho noteal that this basalt "extends 200 to 300 feet
the shoulder of t]1e lip of the inner gorge." The indicated ase of the basalt
2.9 million yeals. Fieurc 10, a, shows the rclation oI this basalt to the p
topography and to Matthes' proffle of the Pliocene (Mountain Yalley) South
Folk at the point of cross s€ction. The laya sas apparently extr-uded afier tle
Canyon stage of €rosion, as defned by Matthes, had been initiated.

IVTDENCE FEoM TrrD nftDDLx I'oRK

KA 1186 (ffg. 10, b) G a whole-mck sample of basalt fxom the Middle Folk 0f
the San Joaquin River rear Pine Flat. This basalt appears to have pourcil more
than 500 f€et hto th€ gorge that reprcsents the Canyon stage of erosion, for itj
lower contact now lies well below Mfltthes' proffle for the Pliocene (Mountair
Yalley) Sar Joaquitr River at this point (Matthes, 1960, pl. 2i N. K. Eut€r,
w tten communication, 1963). The age dei€nnhed for this sampl€ is 3.5 million

E\,'1DENcE FRoM TEE NoRrE FonK

Fig11le 10, c, shows the relatio$hip of a basalt near Snake Meadov, on the NoftL
Fork of the San Joaquin River, to the prcsent iopo$apLy. Matthes did not dmv
pmfles ol t]le ancient North Fork, but the low€r contaet oI the Snake Meado{
basalt is approximaiely 400 to 500 feei beloiv his pronle of the Pliocere Middle
Fork at the prcsent confluence of the Middle and North lorks (N. K. Huber,
writter communication, 1963). The Plioc€ne Noth Fork clearlv mlst hsve beer
higher than this at the point of the eross section in ff$rre 10, c. This basalt, th€n,
was also extr-uded alter the idtiation of the Canyon stage of ercsion; its iralicsted
age is 3.3 milion years.

MIMMUIT R,trLIEF DIRING TIIE I]ATE PT-locDNE

Tle relatioNhips of th€se basalts to the pr€sent higl peaks in the arca can be
used to estimate the minimum reliof, and consequently the minimum altitude,
oJ the Siexm Nevaala in the San Joaquin ahainage at tho time of emption of
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(c)
!ig, 10, Cmss sectiotrB shodng relatio4hi!! of ilaNed losolts to Mourtrin Valler anil Caryon

of erosiotr in aortl Forl (d), Midiltc For! (b), oil Norih I'ork (.) of sm Joaqnin
. r  "1 . ,&HoF o IP l jo "n"  (Mor ' la :nva l l " r  Sr0  Jorqu ' .  SoL-5  J -or !  a r  lo io r  o f  , foss

i ?=alavaLion oI Plioceno (Molrtaia Valler) Sar Joaquin Miildle Fort at point of o Bs
; , : eleyatior of Plioceft ( outsin Varre-y) Aar Jolquin Middle i'ork at cor{udce of
ard Norur forks. Iejererces: Matihes (1960, !l- 2); Birn& (1957)j N. K. Eubcr

(wn o! comuicatioa, rc64). Locations of reotioN (U. S. Geol. SDrvey, 1953 eil.): (a)
trailer Pca.! quadrDglc, intcFeci$ river 4,200 feet, N, 20 X. fron mrurvcst coraer of seo. 1,
I.7 S,, n, 26 n-, erds N. 12 n,i (D) Devils Postlile ql&dralgler irtersects river 2)000 feei N-
6lt F, fton southeast co.ner of seo. 1J T. 5 4., n 25 D.r trelds N. 66 w'j (c) Derils Posb c
qradrusre (U, g. Gool, guvon 1953 cd.), irie$ecls rirer 800 fecr N.58 E, from norilFest
conero fseo.1 .  T .5  S . .8 .25  E, . t rendr  N,11E,
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the basalts. Ilon Mourtain (11,149 {eet), foul miles norih northwest oI
Meadov, Mount Ritter (19,157 feet), dne niles north of Snake Meadow,
Eumprous o ler  oaal6 in  r lF Ri ' rer  Ri '  g-  r i .p  5,000 Lo 7,000 lFp lbovF ,be

contacts oJ ttre basatk at Snal<e Meadolv ard nearby Pine Flai. This i
that the Siena Nevada in this area had a minimum rcIief of at teast 5,000
ir the late Pliocene, which is itr agreement vith a trsurc of about 4,000 feet
the area of the South Fork and for a point do1lnstleam near Mammoth
detemrined by Dair:ynple (1963).

SnMM,lnY

It is elear that the Canyon stage of emsion in the upper San Joaquin River
as defrcd by Matthes, was initiated by late Pliocene rime and tllar the p

of this upper surfaee of the Canyon stage and lredaie the initiation of the
recetrt stage of cutting.

Presunably, the Canyon stage ol erosior was initiated bx uplift and

gorges of the Noflh, Middle, and South forks had been excavared to at least
quarter to one-third of their prcsent depth (sae fis. 10) by the tnne of
(2.9 to 3.5 milion years ago) of the baEalts.

Biniqan (1957) has suggested that there may be two stages of alevelopm€nt
the inner gorge of the South Fork of the San Joaquin River. His statement f

More NLe oae siolr€ mgle i3 ftU exhibited {Ie4 tle iuer gorge iB jnciseit flnonsn
gradtie domes, Tle drcrage sidc-lallay slole of dre u!!d Uiril of rLe gorge is 45 ileerees!
tover dloles a& Bteeler, areraging about 60 deerees. TIe mlt&ct betreen ftc hro stope ansl6
frirlx sLup, awofotii ilirisior oI Stagc III cuitilg is rtrerefore sqgesre4 dd rtris is wiils
fo! ter or t{elvo niles trpstrem alorg fhc gotrtn lor}. It is lossibte thar rhe gtage II
\tLicl elterds a fw ludred feet dorn irto tho St&ge III erosion sulfae, is assig@bje i.
upler suface ol ure ilrcr gorgc.

Bir.Inan has conelated Stnge III erosion with Matthes, Caryon stage ard
Fiders the basalt near Four tr'oxks Crcek to be Stase II lava. If this
division is correct, the basalts n'hich have been dat€d may postdate the j

tilting of the rarge. Whether one or mor€ uptfts s'erc involl'ed has noi
aletelmineal; however, the total amonnt of rplilt at any partieutax locality Bince
the initiation of the Caryon stage must have been greater than the depth of the
preseDt gorges.

The 3.s-nillion year minimum age for the Canyon stage iD the San Joaquir
area is tlm same as the minimum age rcported for the Canyon stase in tho K€m
River basin (Dalrymple, 1963) and tle t$o stages arc therefore appr.oximaiety
corrclative. Eorever, in yie1v of Matiles' r€ser.vations about conelating the
erosion stages of t,he San Joaquin and Yosemite aftas with the emsion sulfaces
of the Kern River basin, and beeause a satisfactory maximum age has not b€er
established for th€ Canyon stage in either of these two arcas. T feei that a Dreciso
com"laLioa iq inaopropriatF un' : .  furLbpr dsLs a"" arai  abl" .  To"sp two a€nyon
stages of emsion may prove to be appronmately conelarive to the cycle of erosion
that has cnt, and is today cuttiDg, the deep canlonB of the present livers of the
noltleln ard centml Siena Nevada. Abour 25 nqiles nor.th of Orovilte, Tuscar
Formarion brpnnia ,nd rxtr  (Andpr.on, Iq33 6tL a re..nr cbrrro, iMaeat ia
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cut into basement xock (Irindgren, 1911, p. 91i G. H. Cu,-tis, penonal
ication, 1963). The Nonrlaki Tutr, a nenber of the Tuscar Formation

near its base, has been dated by potassium-argon as 3.3 million yeals

eacl  @EI o l  rhe canyon oI  I  b"  } l idd ia Fork ot  rhp Sao Joaquin Rivpr  bp-wo.D
Pass and Minaret Sunmit is coNtructed in laxge part tuom a thick sequence

aril Curtis, in press) i ths proviales a minimum age lox the initia
of the reeent canyons of the northern Sier-ra Nevada.

EVIDENCE T'OR, THE AGE OF SCAR.P PRODUCTION
SOUTII OF MONO T]AKE

t and quartz latite flows, nearly hodzortal, which is more than 2,500

Broail Yalley sur{ace which is well exposeal across the valley."

a samplF of qlLartz la i rc l rom Two T"Erc /KA l l ts\  Si \"  dar.s oI 3.1
years aral 3.0 million yea$, respectively. An erosional remnant o{ basalt

of these sur{aces. Furthemorc, the gap in the cr€st diseusseal by Matthes

lflte Plioc€ne.

giveb a daLc oF 370.000 y"ars rKA i l67r,  whinh ind:. tec t10r nlam

anciert valley thmrgh w}ich the upper course of Middle tr'ork flowed nolth-

thick near San Joaquin Mountain (ffg. 11). To the sorth of Minaret Summit
Mountain, alecribed by Matthes ( 1960, p. 18) as n pleglacial volca,]1o.

) sudace whicb has been down-aboppeal on a north-tr.ending fanlt that
tle west side of Sar Joaquir Mourtoin to sive the illusion that it is on

volcar c rocks at San Joa4uin Mouru.rn al1al Mammoth MouDtain occupy
t was once a large gap in the Sieraan clest. Matthes believed that this gap
an aneient featu& of tle erest anil coul;l be intemrcted in three vavs:
sag in the crest of the range may simply mark a low divid€; it may indieate

beforc it was captured; or it may recoral the vall€y of a former tdbu-
to the Middle tr'ork" (1960, p.45). SIwh (1934), Ifho dese?ibed the ar€a

(1962, p. 186) that "the basalt at San Joaquin Mountair is not on the
Yalley snrfaee as both Matthes a l Envin reporl. It lies on the olalcr Boreal

detail, believed that the basalts anil quariz latit€s (Erwin used the tem ande.
) at Sal1 Joaquir Mountain $'€re erlrudeal orto the Bmaal Va.Iley surinee in

Valley time altq eccodingly, werc Miocene. Axelrod and Ting (1960)
a$ig!€dl a late Pliocene age to these basalts, anal Axelmal las xecently eotr

whote-mck sample ol basalt near Minaret Summit (KA 1103) ard plrgioclase

San Joaquin Mountain (69. 11) and gives a date of 3.1 million yeals (KA
tlrc Old Mamoth mine appeaB to be geologicaily coff€laiire with the basalt

). These volearic rocks werc thus deposited after tle Canyon stage of €rosion
begrn, and their westward extension has since been ftmoved by glacial and

ial ercsion. Detailed geologic napping in the D€vils Postpile quadmngle has
that the falit pmposed by Axehod does not exist (N. K. Huber, pe$onal

ication, 1963). If the basalts at San Joaquin Mountain were deposited
either the Brcaal Valley or the "Eoc€n€" sur{aces, they must rest on ercsional

ly Envin needl rot b€ an ancient featue ol ttre range but colld be as young

Plagioelase ftom a sampl€ of quartz latite tlom the nodh shoulder of Mammoth

Mountain 'was active at least until theL
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thick sequence of basalt and quadz latite flows at San Joaquin Mountain
ted on its eastem side by the major fault scary that deffnes the ea$teln

of the Sierla in tlis arca (N. K. Huber, personal connunication, 1963).
age o{ thes€ flows ttre?efore provides a maximum age for the beginring oI

lar ting that produced the scarp.
tle area east of Manmoth, tli€ relationship of Tertiary basalt flows to basin'

bagl  ̂ i .g  o l  L l js  taul l iDg in r lc  ja t "s l  P l jo . "ne (p.  802) :

olinino b$alN wa erDtted le{ore fadt ilistlacenents foneil tle Irresert rang4, for the
s gertly tilfed tovo nelds eleroteil try fodting, cap nux of tne rege6. Tlis seqrence n5X

at Grmito Moutainr in tle Bentoa Lnge) loull of Blact Lale, ir Ovens Gorge, lnil
plateaulile sumitB letweetr Bald ed qh$ Moutains . . . Allarertlt' a deepli' veatlered

{os ion  s l r f r "  w i  dood d ,  r r r 'ny 'n  r ie  bmal  ro l  o ls  by  m$r r ' c  tovs  \b r . l  :asupd
d€ttereil rerts. Atr ulmker bsalr dcld uroa tlc cdire aror ftrer €rist d lor tlc
pet8 of tle olil surftce rose alore ure lava. Basaltic reDrute are dishihnted or uro

luts of the c.est of ihe Sjena Neyaila lyi4 in aNiert b.oa,l yalleys DoF uplifteil hdeed
bsalt qposure otr Mocee MoEttiD lies itr M old renet later tle prur oJ a4 earry

{hioh lcfl its nor.ine o! ile lsdt (Mccee Siage ol BtccLveliler, 1931, !. 902 906).

|  1962,  p 202)  agr"pc rha '  thc I l rCFp Mounla in basal l  prpdatps ha s.drp

KA 1071) eive dates of 3.2 million yoarsj basalts fmm Ovens Gorge ancl
Mountain give dates of 3.2 miilion years and 2.6 million y€als, reb-pectiaely

faul"re baq bepo d". .r i lpd by Ci lbed t l94l ,  rr .  793-?94 ,  rv l-o plar""

ple, 1963).
summary, evidence from Sar Joaquin Mountain, Mccee Mountain, and the

fivo whole-rock sampl€s of displaced basalts fron the Benton Range (KA 1070

Range indicates that the faulthg vhich produced tle present prcminent

ago. ConsequenUy, these movenents eoulal not have been the same as the
that initiatedl the Canyon stage of erosion, as deffned by Maithes, in either

San Joaquin or the Keln River basins. It is possible, howerer, that these
ts  n igbr  be.omelar i ! "  wi lh  ' t "  bpCinnioC of  rh.  morF rF.Fnr  pFr iod of

in the area south of Mono Lake bepan sometime after 2.6 to 3.2 million

's (1957) suggested iwofold division of th€ cutting of the Canyon stag€.

with the similal ev€nt that has ledl to the develoDmeni. of the Dresent

warmnt prceise correlaiion at this time.

b also possible that the initiation of recent scarp prcduction in this area may

aphy in the area of the Tahoe-Truckee depr€ssion, but the evidence does

SUMNIARY -A.ND CONCLUSIONS

correlatior chart (ffg. 12, in pocket), based on the evidence presert€d in the
summarizes the tempoml relations o{ some of the Sierran Cenozoic mckE

The earliest record of Tefiiary volcanisn in the Sierra Nevada may be the
ite pebbles in the Wleatland Formatior rhich give a "composite" daie of

mil]ion years (laie Pat€ocene to early locene). This andesitie mate al pr€-
the ea"liest rhyolitic emptions bx at least 20 million yeflIs.

There is good elidence to show that some of the auriferous gravels, commonly
to the Eocen€, are as young as late Oligocene. If the age of prevolcanic
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gEvels at a particular' locality is not hlown, they shonld be refelred to the
period consisting of the middle Iocene and the Oligocene.

Irater Tediarv volcanism in the nodheln and cenhal SieBa Nerada was
ceded by a perioal of uplift and crosion during \vhich c ryons Fere cut into
early Tertiarx beahock sulface. Seenents of ih€se channels norr lie p
beneath rhl.olite tuffs at Sonola axil Ebbetts passes. The exaet time of the
tion of these channels is not l<novn.

Erlensiv"  dr l iag o l  rbJol :  :c  dcnoqi l "  in  l \ "  Dor tb(^u a 'd.c ,  l 'a I  S iFrraN
has Bhollll that the total tjme spanned by t!€ eruption of rhyolitic material is
fron laie Otigoc€ne (83.2 niltion yealt) to late Pliocene (4.7 io 4.8 nillion years)
but also that the najor pedod o{ lhyolitic volcanisn is earty Miocen€.
tion of the rhyolitic Vallelr Springs Fomation of the ccntlal Sierra

(29.5 million years ago, late Olisocene), anal the Yalley Sprtuss 1vrs da
p r o b a b l J  b a g a r  s ' o r r l J  a f  " r  r h A  6 ^ q  p ' u p r i u r s o l r l J o l : L p I n f f r . a r S o n o r a P a s s

by about 20 million yeals aso (early Mioeene). Coctaneorsly with the alepositior
ot the Yalley Sp ngs Fomation, rhyolite tuf was er-upting pefiodicaly thmugh-
out the northem and centrat Siel.ra. Included in ihis period of rhl'olitic voL
canism is the Dellekcr tr'omation near Blai$den, comprising at least thee distinct
rhyolite tutrs tha.t mnge in age frcm 20.5 millior yealrs to 26.1 million years,
anal rlyolite tuffs near Donner Pass that have a minimum Ialrge irt age oJ 26.0
million yenrs to 33.2 million years. Basalts of the Lovcjoy Fomation, preriously
tholght to be Iocene, are oyerlain by 22.2 million-year-oid Deleker rhyolite tnfi
at the Lovejoy Formation true locality, ard are urderlain by 24.8-nillion-y€ar-0ld
dacite tuf ard by andesite intr and mudflow brcccia at Oroville Table Monntaiix
The Lovejoy Formation is thereforc inchded within the hisiorx of deposition
of the rhyotitic Deleker ard Vatley Spdngs fornations.

Mehrten true ardesitic rolcanism began in tle norlherr Sierra Nevada in ile
earty Miocene, before the deposiiion of YaIey Springs and Delleker rhyoliieg
had eeasedj however, the bulk of the andesitic tnffs, mudflow bftecias, and flo$r
\vere extrudeal after the depositior of the Valey Springs F or:nation. The Mehrtetr
Fonnation ranges in age ftom approximately middle Miocene to late Plioceft
and includes, as membels. the Table l{ountain latite aral associated latites neax
Sonora Pa-!s. The aldesitic Botrta. and Penman fomations, and possibly ihe'Walner 

Basalt ir ihe Blainden area, are appxoximately corrclative vith pali
of the Mel[1en trromation, as are ihe andesitic tuffs and brceeias ard basalt
brcccias anal flows near Donner Pa$. The Nober Can\'on rLyolite near Ebbetts
Pass was depositeal abort the time oI aleposition of tle upper palt of the Mehrter
tr'ormation in the cental Siena foothills.

While Mehten andesitic volcanim was occunins in the 11olthern and central
Siena Nevada, the Mourtain Vauay surface in the Yosemite and San Joaquir
areas aral the Chagoopa surfaca in the Kern R.iver basin were being developed
in the southenx part of the range, wlieh \\'as hrgely frae of the middle aJ]d late
Tertiary volcanism that €overed th€ nortlern and centlal parts of the Siena witl
thick volcanie deposits. The incepiion of these two applolinDtely conelative em.
sion stages has not been dated hrt the Mountain Yalley stage had fonned a
well-devetopeal $u'face ir the San Joaquin drainase by early Pliocene time. The
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stages o{ erosion, as detued by Matthes, in the Yosenite San Jooqdn
h the Kem River areas are approximately conelativc and had been initiated

millioD yeals ago (late Plioeene). These stagos are still in progress and
be appmximately correlatire with the erosion stage which caused the present

ago andl consequently does not acco|nt for tLe initiation ol the Canyor
of erosion as deffncd by Matthes. Thc faulting which produced rhe Ta.hoe-

caryons in the northem and centnl Sierra.
iadn-mnge faultitrg which lroduced the prcsent youthfnt Ecarps along

eastern Sieua jusl sorth of Mono Lahe began le$s than 2.6 to 3.2 miltion

(early Pleistocen€), the time of deposition of the earliest volcadc llows oI
louseto'wn Fornation near Truckee.

d F D r c s b i o n  i 1 d  j s  r " s p o r s i b l "  o "  r h F  f | p c p D r  ' r n d r o m s : n  r h d L  j r p a
long aftel 7.4 millior yean ago and shoftly before 2.2 10 2.3 million rears

um: Reeent prcliminarl- data indicatc that the age r.eporled (pp. 26-27,

ffio additional deteminations on the Manmoth Mine basalt haic coD,

1) lor the Folu Forks Cftck basalt is too lorv, ard rhat the age of rhis 1lnit is
n€axly 3.8 milion }ears (based on two recent detenninations ) . This aloes not

aff€ct thc conclusions oi this paper.

t le  cga o l3.  I  mir l jon yFr  rc  pp.29-30,  L0blF I  r .



SAMPLE I]OCAT]ONS AND DESCN,TPTIONS

Following are detailed sample loeations; petrographic notes are included
appropriate. The referenc€s include the prineipal wo*eis in ihe axea from

KA 969. Dadanele facies basalt.
Dardmeles Coa€ qlad}@g1e (U, S, ceol. Snner, 1956 ed.), on ridge 11000 feat sou& o{
Peak at 9,230 foet oleraNiol Ayg, ptagioolse 0,04 nn:0.2 nn witL extrmes of 0.018b
0.03 m ed 0.1 nnx0.4 a4; snali slate inclusior alnost conllet€ly clouiloil kitl
otsNod in o& $ir ectioai probaue mu. eortrilutior ol indnsio4 to age-0.3-0.5
yeas. -actr.r sl€hnons (1953); !€Bone (1898).

KA 9?5A. Trower Eagle Meadow rhyolite tuft.
Dardeftll$ Co@ q!&ilrang]e (U. S. Geol, Surey, 1956 ed.), 7,300 leei eleratioa, 300 feot
adl 2,000 f€et mrtn of 3otrtlw$N.oEer oJ sec. 1j T, 5 N,, R, 19 E, Tlis is atr gon reru
EA 975 r€ported by Dalrynde (1963).Iel.: Sl@doas (1953).

KA 994. Lovejoy tr'ormation baselt, t}?e section, lowest flow.
Blai$den quadrangle (U. S, Geol. SuFey, 1956 ed.), 1,000 feet 8. 35 W, fron ronleasi comd
of sec. 31, T, 25 N., l. 13 n.) rear C.eek botfom on soutl siile of c.ee!. Collected by C. S. crodDq
sEner of 1960, Plagioclase latls arg. 0.01 rmx0.06 hm FiN! nin. of 0.005 mx0.02 ed;
85% ]1eve BloI' rliDeasions >0.01 ]m j 20 p€r cert brom glNs sifi R. I. <1.54 @d olouileil
with n&C@tite; 5 ?er cent aliereil elassi rot reliable lor K-Ar dating. 

"dl,: 
Dmen (1959q

1959D) .

KA 999. Rhyolite bould€r fmm fuolnnme an ferous gravels.
Tuolud€ quadErgle (U.S. Geol- Snney, 1948 ed.), fron e1A!€l piN i4 nortlen heu of aorlt.
vest $t er of sec, t8, T. I S., & 17 X., 750 fcet N, 11 E, fron lM 3042, ?€lsi luae! &d
nalsome (1897) ; lirrlgr€r (1911).

KA 1011. Leavitt Creel rhyolite tuf.
sotrole Pes qqdrangle (U, A. Geo1, Slryey, 1956 eil), souure*t cone. of lortLwost qnsrts
of 6@. 7, T. 5 N., i, 22 E., 200 Jeet sotrtlFesi of roeil at 8,580 feet eley.tion, Rdl,i Steluou
/1953) .

KA 1070. Benton Range basalt
Mout Monisor 30'qnailraagle (U. S, Gool. StfloX, 1914 €d.),2)000leet N. 47 X.lron soutl-
rest cofrer of se..20, T.2 S., R.31n., at 7,500 feet €lcvation. Avg. gronldmns plagiootase 0.01
r@r 0.05 dmJ ni!, 0,005 rm x 0,09 nn j 40 ler @nt lave sLort rlimeNiom <0.0r rm; 3-5 !6
c€nt E-felilslor in suboplitic !at0hes; 3 !e. oetrt brom biotite, arg. 0,03 m asociafed sitl
oinor brom glas liDing yesicls; ilate sLontd be relianb. rrf.j Cilrert (1941).

KA 1071. Benton Range basalr
I'orty feet alov€ stral 200 feet south of EA 1070 ud l.on sne {ov, Arg. g"o@dnass dagi}
claso 0.015 mx0.05 m adl nil of 0.007 rmx0.02 Im; 10 !€r cent l&ee short ilineuioD!
<0,01Imj l per celi brom biotite arg.0,005 nn; date slouril be rcliau€,Bel,i Ai$ed (19a1).

KA 1072. Valley Sprin$ Foruation, upper iuf, top of type section.
Vllley 8!ring! qnadrugl€ (U, S. Geot, ArNex, 1956 €d,), to! of ydlley Apnqs Peal ir see
11, f. 4 N-, i, 10 E,.acl.: Pi!e! ud oihes (1939).

KA 10?3. IJovejoy Formation balalt, Stoney Ridge.
Milforil qnadratrgle (U, S- Geol Snrey, 1950 €d.), 1,500 feet A. 49 E, frcm VABM 6998 il soo,
14, T, 27 N., R. 13 n. Arg, llagioclase 0.09 nn x 0.1 m; 30 !d cert brown glma cloudod witl
n&gnerite il*t; 2 ler cot dte.eil glassj not reliable for K'Ar daihg. .4e1,: Dnnetl (1959t).

[ 3 4 I
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. l,ovejoy Fomlation basalt, type section, second flow ffon botton.
lor quadrsqle (0, 8, eeol. SNeyr 195d eil.), oa sondr,sourhwcst.irerrtilg riilg! ia sec.
25 N., E, 13 !. Arg, llaeioclase 0.05 bmx 0,2 Dm wtt rarc nin. o{ |],(]l]5 mn x O.|]2 Dn:
@t broM gl*s {ith B. I. <1.51 aail aesrly olaqle rfttr includcd nseaeifte dust: 10

of  E l .s  a l lq "d :  !o r  ro r iau lp  fo .  E .A.  d \ t : t rC .  E" l . :  D) tFL  tgsod,  . ,bgb/ .

1076. Lovejoy f'ornution basalt, tt pe section, {ourih flow from boriom.
r,{ 1075. Ayg, plagioclme 0.015 na x0,065 an, ein. 0,005 nhx(].l]2 nmj 15 ler cert

glas Fitl R. L <1.51 md cloudeil rith magloiiie iLnsrj b !o ceni rlt€rea gbBsj roi
for r-A! daiilg. ael.: Durcl] (1959a, 19590).

10??. Lovejoy Formation basalt, type s€ction, sev€nth flow Jmm bottom.
ied KA 1076. Arg, plagioolase 0.015 nh x 0,07 nn, min, l].l]l]3 Imx O.l), nm rar€; 25 ler
ilrrk bro@ glass sitl E, I. <1,54 ed clond€d riNh ater€rte dusr; 5 ler cenr altored
j lot reliabte {or K.Ar datilg, 

"el, 
j Dur4tl (19590, i9F9, ).

1078. Bald Mountain oliyine latite.
o quail*lgle (U. A. Geol. Surrey, 1055 ed.). 4,Ol]O fect g, 50 W. Imm northeasr eoder
98, T.17N.,8.16 E., otr wqt ride of Eiglway 89 ot 6)250 fecf eleyation, A,g. dagioctase

nnrc.o8 mn, IN. 0.0!5 nn!0.1rm, nin. 0.005 Imxi].()25 bdi 95 !€r cerr of lr&s
s loa  dd .ns ioa .  /0 .01  Imi  < l  p " r . " ! ,p i r r  C las  F i - t  n .  ' .  / t .S1 ;  d . r .  sbout l  oe

?el&r Birtelmd (1961, 1963) j t-ildgren (t897),

Monison qusdrDgle (U. S. Geor, Alrvet 1953 ed.), certe. of sourleaAt qusrter of sec.
4 S., t. 27 E., 500 fcot lortl oI Old MaamoiL nine !t 9J360 feer etelatior. Ayg, ptsgjoclase
@x0.1 ]m nitL nir. of 0,01 rmr0.05 on rar€; 2 ler .eat biotftc erg. 0.02 bnj 3 5

.@, alla.li feldspu (miilincl) ir sulollitic l)arohes; date Btrodd le reliaue.

1092. Manmoth mine basalt.

1093. X'ouI Forks Crcek basatl

1094. Einchdale olivine latite.

1096. Watsons Creek basalt-

Pea& qladrmgle (U. S. Cteol, Su.yet 1953 eil.),4,500 feet 8.42 E, from Bxr 7069,i
feet eleyetiotr. Arg. plagioolae i].O1 rm!0.05 nm Fftl rlc nin, of |].(]oi nmxo,O2 lm

osilg 20 per cent oJ all llagioolade; I !€r ccar biotfte ayg. O.O2 nn; <1 ler cerf pint!
; I Per c@i sraDitic i4hsiors tlat h:re b€er oror 75 le. @rr resorbcd, cohloBed nosdy of

ftz ald lltrgioclase witl hjnor potassina fetdspd; na!. coainibnrior o! itrclusiors ro ,ge=
oitlior XeaB; oge shornd be rcliab]e. ?cl.i 3irnatr (1s57),

quadrugre (U. S. Geoi, Snncy, 1955 eil.), 2,El]O Jeei S, Eg \q. froh norrhesr coner
300.32, T- 18 N., R. 17 8,, on €ast side o{ EiglwaX 40. Ayg, ltagioctNe (].r]4 nm x(].0B nn

ree ail of 0.01 nmx 0.05 @a, subolhiticsuy emloscit in lrirhes of ,,lotassio oligoolase,,
c1m41961); rere biotite.rg- O.O5 rm; shouti! girc rliobre dare, r,ft. j Bi.kebr; (1061,

qus . l re - rp  l .  S .  C"o ' .  Sureer .  t955,d ,  ,  oD" - igb  h  n i tc  sor r l  o  \ ra r .o !e  i -Fp \  o t r
siile of HighFaX 28, rofi! erd of Irakc Tsnoe_ Arg, ptagiool€se 0.015 dhx l),t nn, DjL
mx0.05 rm lore; plates of nore sodic ltagioclase erclose lath an{:t cohDose 20_30 Der

cml ol aU feldslar; 1-2 ler ccnt triorite a!g. 0.03 nn; ilare Btoutd be rclilde. ref,I t_indg;6
(1897) .

KA 1097. Tahoe City olivire latire.
Ia[@ quadnngte (U, S. Oeol. Snrrcy, 19i5 ed.), aolilw€sr qurrter of sec. 12) T. rF N., R. 1C
n., on EighraX 39 drd C00 feet Jron sesien secrioa tondary, Arg. plagioct;se 0,05 ndx0,2
@ vitl min, of 0.005 nn! 0.03 Im lery nrej olar 95 ler ceni ot aU lligioclase lEle ,hort
dineldioas >0.01 nnj sholrd giv€ retienie dare. ?,ls.j Dirk€l@il (196i)j t_itrilerer (1892),
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. o r . '  l  p  ' q d  o " / - c . , , l , S ' r . r . t : r l o , t l . r . 2 . " . n I , i \ . i  \ F .  " o d r . , 1 . 1  . o , -  

|
n t , . l l , T . 1 \ . ) n .  ! L , o L . o . , , . r - . 4 . 1  1 . ,  t , \ .  ' 0 0 . /  4 . r n r 1 . o 1 ,  1 . ' .  j , r r r ' i t l  I
n.,  .od, r8J8..  

I
h . \ l l 0 2 . A o  " H :  b E . j l .  I
T  \ "  , t , !  m l e l  U . S . C  o l , s  -  - .  J s t  .  7 \ . . r .  6 I  I
. . f "  " t ! .  |  \ \ ' .  D , . \  , d .  t 9 ' 4  a . _ . , , " 9  .  

" , r 0 r  o ,  . 0 . . - o d . ,  1 . r . 0 0 _ d d . . , 0 :  I' , : u d - : o  .  . 0 . . , L : , 1 .  f D o . .  o d  '  o r , 3 r  I
. , '  , 1 J ,  , , L  .  t r e . 3  ! d . . . t 0 .  i  - 0 o , r  ' ! ' o f  o , \ : . i o . o g , .  I
r clirllc ila1c. nals. r nirlclDd ( 1961, 1963 ) ; Lindsrctr ( 189 7 ) . 

I
K,4.1103. SaD Joaquin Mou.tain bas^lt. I
Derils los|lile qud.argle (U. S, Geot. Snrrex, :1953 ed.),3,000 feet nuc v$t of sonlhret I
comcr oJ sec, 13, T, 3 S,, R 2i X., ri 9,6E0 leci clcr€rioa. Irg. llagioclosc 0.0:ra rmr 0.03 Dr! |
nir. 0.005 innr ! 0.02 Dn rery rure i 80 l|'r cent of laurr ldle slo.t dim.nsjo4 > 0.0:l n j llatu |
o f n D , p " o  i  I .  " , , r  o , o o " " t i p " , . t  o  , i l . c ' t .  t ,  ' , 1  , -  

)  r . o . , .  c l l . :  t o r , 4  I
l i o r  ' " a \ g , 0 0 "  '  ' : d 5 -  l o ' . d i " "  i l  . P , . r T ^ i '  9 . 1 r  I

I
KA 1100. Bor-"1 r t .Js"b1.J-r .  I
D o u D  '  P  " a  q  r '  d r ,  r  s  .  ( .  C , o l .  S L  e . J ,  l o "  o . . " . t 0 0  l " p r S . 5 6 W .  r c m 0 o r b p B t  I
. o u ,  o r  r . 2 4 , T ,  1 7 \ . . n .  I L .  1 i . 9 0 t ^ ,  a l a a i o o .  F  f  i  l l r d " o o  l C t  : r d d s * D  

I(13e7) .  
]

K.{1110. Tablc MoDntiin latite.
Cotunbia quadrangle (U. S. Geo1, Slne}. 1918 ed.), 1,000 lcei N. 64 D. froD southcrst eond
of sec. 19, T, 4 N,, R, l5 E., 20 fcet alorc cael. arlrr rnn$onc (1398); TDncr .nd Rollone

o808).

t (a |  |  t i .  Nob;  fJnr  oD .hvo i  e .
Mr.llcolillc quadranglo {U. S. Geol- SuncX, 1!5lj ed.), d,000 feet S, 59 N, fron Silrer Peak
at 3,300lccr elemtior. nrts. r Cnrtis (1!51); Wilsl,jre (1956),

KA 1120. Nobei Canyon rhxolitc.

K^1121. Upper Kinney Trahe rhyolile tufr.
trfar|leeville q@d4agle (U. S, G.o1. Suv.yj :1956 cd.), orc lonrth nile (ost ol U!!d KiDcy
LaLe- nels.r Curlis {19,I) ; \\:ils!ir. (195ti).

KA 1122. Iiattt€snake Hillwelded tntr.
Colunbia qua{irargle (U, S, Geol, Snrrex, M8 eil.), soutrcast corner ot' sec. 19, T,4 N.J n.
15 li,, 10 feet abose cuul. Zdls. r Eansone (13t3)j Tn.nor on.l Ransotue (1393).

K-A. 1123. Yalley Springs Formaiion, lo\rer tutr, Pondetusa Way.
Colnnbja qna{trxrglc (Ii. S. Geol. SrNe.t, 1915 .d.),2.000 t'..l S. 79 lV. trorr rorthexst 6md
oJ sec. 14, T, 3 N.,li. :14 E., oa rnad at 2,320 f.cL.lcrarion. .8rlr.i ltarsne (1808) ; Tnrnd a

K^1124.X{cKaybioiite argitelatite.
Bhe outrttrid qudr^rglc (L. S. Licol- Surer, 1056 ed.), 1-500 feet dne y.si ol soriheist
co.rF ol s.o. 27J T. 5 N., i. 15 !- ]l.ls.r nansoDe (1S98) i Ttrrncr and n,*. c (139s).
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Delleker rhyolite tuf, sec 32
quadulgl€ (Il. S, Ocol SnrreX, 1956 cd), cerrer oJ s'c 32, T 23 N, fi 13 E' to

road in gully. Ral. r DDrell (:19t94) ,

112?. Dolleker 
"hyolite 

trff, Feath€r River highwav'
)1, qnadraqle (U S, Geor' Sunex, 1s5() ed.), 1,700 fc't N' 53-n fion-soth{€sN-or@

eJ, i. ,ii 
" 

ri. ta u, - r"ath;;niver lisnntx (cnlifornia nisrwax 24) ncl : Duucll

1128. Plum Cleek xhyolite tufr
S D r i g  B : l l  , r l a d  d g d  . 5  r  o  b ' r " v  l 9 5 l  '  1  0 0  r r " \ '  3 r  t  r r o D -  ' i  '

, ; . " , _ " . .  . . r ,  .  i r . ,  r r .  r ,  c . . " r  l - l  d  r p \ \ l  l s i  s P l s i L u d J "  ,  d U o o

1129. Skiltman Flat }hyolite tult.
Fjey quaaurelo (U, S Geol. EDrvex, 1950 e{l ), $uureast corer oI sec 14' T- 17 N ' n'

or llishvaj 20 on nortL 6iilc ofrodd

1130. Trake Alta lhyolite tuff.
; q@.lnqle (U. s. ieol snFe, 1e50 eil.), sonurcNl qnaiier of seo 35, T 16 !\', n 10 !'

1131. Beacon Peak rhyoliiie, lower weldad iutr
Br ?as qua&ugro (U S Ceol, Enrvcx, 1955 cd )' 1J500 feet N 06 W 

-{-r-m 
sontloast

"i ".". 
iz, r. ri r., n 15 E, et 7,too feot clevaiion- n'l&r Endror (1051) j Ljndg"er

,A. 1132. Valley Springs Formation, low€l tnff, tvpe section'
siley Flings qmiLr;ngre (U. s G.ol. survev, 1956 cd'), 1,200 feet s- 40 w {ron top of

S p : o e s  P  a d t l  , 7 s  t  P r  d  { . l  o  f " /  t l " r r n d  o ' o P r s  I g : l t  '

1133- Tra Porte Tff.
@ierille quodra4le {U. S Geol Survev, 1s5t eil ), itr UpIJer Dutcl Digsing$, 2,000 feci S'

w- rron notle*t corner ol sco 8, T. 21 N, n.9 !, irf cortains ta Porro dos tr^ r

(193?) i Mdccinirie (1941) j luricll (1959,),

1135. T\'lo Teats quartz latite
s Posh e qnailranete (U S, Geol. SuNeX, 1053 ed ), 5l)O Ieet mrtn*est {mm Two Teats

mrtr'msi tacing cirqre st]1. Collceted lv ^llar Cot rs69 n'l f lrmr (1031)'

1163. Trower E agle Meadov rhvolite tu1l.
uelles Corc quad;aDgle (U. S Geol. Snrtex, 1956 eil ), 7,300 fet cletdtioA 300 feet east

mil2,000 feet noith ol sNthlr.st oorner ol seo 1, t 5 N, n 19 E' Idt': Slennoas (1953)'

1167. Mammoth Mountain quartz tatite
Dsils Postlile qundrangle (U, S Oeol SuNev, 1953 eil ), 4,400 lcet S 8 w fron 6otrtlNdt

oEq. of s;c, 30, T, 3 N, Ii 27 E, or r ge trending norurwcsL fiom tr(almot! trrourtair ot

10,000 feet elctatio!. Collccted tX N K. Etrlor, 1962

K-A. 1186. Pine Flat basalt.
Dolns PosQile quoiLalgle (U.S Geol. Sunex,1953 cil ),4!000 feet N lr! fi@ sourheost @r-

ao" or uee. ie, i. s s., n zs n , at 6,3?0 feeN eletation. Collecteil bv N K' Euber, 1961 Arg

Dtas ioc la .e  u .6  5  m ,  0 ,06  Dd,  n i0 .  0 .005 dm O. i ]2  md,  o \ " r  in  D^r  '4 r '  o r  
-3  

l  \a4 : l io r i

d i o ' p . o . s -  o n l d m " p  ' d r  n  r D  L e s  h R  l 5 a : ' o u l o g ' '  r ' - ' t l l "  \ "

KA 1187. Snake Meadowbasalt.
Dmib roshile qnailrargle (U. S. Geol SnNex, 1953 ed ), ?,700 feei N 7 !' fron trortn{'lt

--* ot 
""". 

r, r, 5 S, R. 25 n., !t {i,970 fect eletltion Collected lX N K Euber, 1961'
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Av& plagioclase 0,02 nd x 0.8 @, over 95 ler c@t of laths have Flori iliEenBioas > 0,01
1 per cmt hod lioiiie arg, 0.1 @ ; il&t€ slould )€ reliable,

KA 1190. Dellekel rhyolite tuf, sec. 32.
gu€ e KA 1126.

KA 1191. Omviue Table Mountain tutr.

I
l.
I

Ororiue qad@gle (U,8. C+eol, Sae& 1942 €il.),3J000 ftrt S, 27 n. frod nortle$t
of seo,29, A,20 N., E,4 X., otr m h side ol sadilt€ at 870 Ieet elevelno!. 

"e13.: 
Croely (

Diclaso! (1916); allen (1929).

KA 1200. Irake AIta rhyolite tufr.

KA 1202. Satdey ftyolite tuff,

KA 1234. Delleker rtryolite tutr, Trovejoy X'ornation t}?e s€ctior.
BbisaeD quail.dgl€ (Il, g. qsoL gtrFey, 1956 ed.), t,000 feet S, 10 !. lrcn lorNhtdt
of seo. $, a, 25 N., 3, $ n., at 5,780 l€et eleration. 3rl. : DueU (1959d).

KA 1235. B€acor Peek rhyolitq upper welded tutr.
lEmeiliotely ororli€B tA 1131.

KA 1253. -Andesite pebbles fmm m€atland Fol:mation.
wheatlanit quilrargl€ (U. S. Ssol. SuNet 1949 eil,)j 2 n ed a. 68 w. fron noltlveBt
of se, 8, A. t4 N., R. 6 X., snil 3,700 leet N, ?2 W, fron 3M 199, i! beil of Dry Creek,
Cldi uil -AntldeoD (1938).

j
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