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H ~cdff beneAth an uncnnformity, and offset structur..,., \IC de­( 
·•d tha t p.>rt of the ~;is ln h:is been trnn•port~d ~hout 65 km ~"CKt-

11out?.11csvrly to lta rrcacnt l'O•itlon by di•pl"c""'cnt on t
0

!lc coniplcx 
ayltCD of 1"tc ral !Ault~. So::i. faults , \litl• cood CJCl>Cjl icS in the 
rrenchc.in Hount"1n and Muddy Mountain blocr..., c.i n be sl•ovn to cha nge 
Alona 1trlk" from left-slip t hrough no~l to rl&ht-s llr "" their 
atrlk.: diroctlons chani;c throui;lo as Duch u 140°: thcse chance• aui;i;cst 
an lntcgr.1tcd 100v=ent pattern t h;it is coMIMtent "Ith i;.,n.,r.illy C!4St­
\l~st to aouth\lc~t e.xtcntiion .ou b! westerly to southYCste:rly tect"2n1c 
~ran1port. ' 

Areas adj;ac.,nt to the dcfon::ied b;isln on the south ond ext"n~lng 
aoutheut and C.1St to the cdt c of the Color.1Ju Plilteau expcflenced ~x­
tre~c cxtcn• lon durlnc the p~rlod or C4jor laterul slip. We lnterprut 
the Dl>ln norr.l.ll anJ l;ater.il fou ltlng to be a aurflctal. cxprcs•lon of 
larr.c-sc"1e s outh\lut ciotlon o r 1114ntlc materlo>l alons the Colorado 
Plut~Au bounda ry and extendi ng Into the lla• ln and R.1nsc rro••ince. 

SMALi SCALE n'.lVE.'IENTS 01' EAR'OI FISSURES IN SOl/ilt- CE.'ITR.\L .u.uo.-..\ 
80Lll:G , Jaccs I:., Jr. , and C,\RPE.\'TER, Hichad C., Dcpartaent of 

llyclroloi:r and ll:itc:r Resources, Unlv.,rsity of .\ri:ona, Tucson, 
.\rhona 115721 

Blconthly hor i:ontol strain Dcasur.,,.cnts of fis sures ha~c bcrn Dade at 
se\"en dio>l aou i:es ne:ir Sii:n:il Peal, rtcacho Mountains, and i:i Ana Val• 
lcr, .\rhona . A Pyrex elass r od is fixed on one side of a fissure ond 
pushes oaai n s t a dbl iauge fixed to the other side. Installations are 
in shallow covered trenches. !lovcoents rani:ing from S µm to 2S c::t arc 
detected wl th a mcuurer.>e11t error of less th:in S IJD. Fissures have 
been observed to open :ind c lose rercatcdly. With one exception, o ld 
and new crac ks shO\leJ no pronou'1ccd difference in char:icter. The m:ixi­
Dlll:1 orenini: r a te was 4.1 ~"' hr-1 n\'er a 17-dny rcrlod, and the Dadcu:i 
clos lni: rate l.'as S.O uia hr-1 o\•er a 14-dar period. Following a se\•cre 
stono, one fl u ure abruptlr opened 31 am withi11 o 14- hour peri od while 
one ncuby rar:allet fissure opened 1.6 111m and :inother nearby parallel 
fbs ure closed 2.1 c. 

Tran!du~cr measure:ient s of hori:ontal aovcmcnts across fissures of 
up to 4 hours' duration l.'er e I03dc ~·1th a resolution of 10 ruo. Simul­
taneous DCasun:::ents o! ltori:on t:il llne:ir strnin i n nearby unflssured 
soih prov i d ed controls. In ,\\•ra \':illey the gre:itest rate of fissure 
clos ing ~'35 II. 7 \IC hr-I :icro ss a sran of 9S Ct! , while the control in-c_ •ation e.xhihitcd 11 co" pr ess iv" str:iin rate of 2.3 x 10-6 hr-I. 

·entest Tate of fhsur c op ening ":is 3.8 IJCI hr-1 over an 86 c:.ci span 
the c~ntrol dilnteJ 0 . 43 x 10-6 hr·l, At :a brc:ichcd section of 

. ckcn Da:i , the zreate~ t open ing :ind closini: rates were 6.0 ~ll hr-1 
and 10 µa hr· l ~~er a 76 c~ sran. In t1ost cas es :it both locations, the 
Elssurc aovemcnt and control s tr:ain were in the sar.>e sense and the 
110VC1Gent \13S smooth . 

HlJ>-TERTrARY VOi.CAMIC CEO!.OCY or THE NOl\nt-CO."rRAL PART OF 111£ HOCOLLON­
DATIL VOLCANIC FIELD, NEY MtxlrO 

J)()RNHORST, Theodore J., Department of Geology, Univer•ity of Nev 
Mexico, A1l>uquerqu• , Nev !texico 87131 

n.., area of thh study (the Crooby llountains And vicinity), ie north o! 
the Son Ausu1tln Plains, n ~~jor northeaet trendinK Kraben. Over 30 
volcanic and volcanlcla1tJc ,.,its have been mapped and in seneral con­
aht of: (1) • lover auc ceulon of interbedded andedtic mudflov 
breccio, v0Jconicla1tlc sed!e1cnts, •nd andesitc lava flo.,a; (2) a mid­
dle cuccc11lon, priNlrily of !11tcrbedded quacu latite to chyolite 
••h-flov turf and volcanlclastic aedtaents, "ith lesser acounta of 
intertonsuing bault1c ar.desiti> a nd auJeo Ito ! Q•:.1 !101.:1, r!l;:olir~ 13,.a 
flo\la and do...,3, rhyolittc tuff·breccia, and =lnor interbcddcd olr-fall 
tu rt Alld pumiceoua a ah-flov tu CC; and (3) an upper aucceulon of basil!• 
tic anJe~ lte to quartz latite l~va flO\IS and at nor lntrualons . The 
ach•flov tuff s of the atd dle suc cession are divi1 tble into three groups 
of dcereosing aKe: (II) 1:-teldJpar-rlch, Olodcratcly cry.cal-rich; (!) 
plagtocla•e-rt~h, ayste..,tlcally crystal-poor to crystal-rich; and (C) 
t-feldapar-rl~h. cry1tal-poor . Flo" dlrectlo n1 indicate that the aah­
flou tuffa \lere erupted !roe a nu=ber of known :ind unkno\11'1 1ourcea. 
llo•t of the eourcea are outsid e thl~ area eacept for a apeculattvo 
volcono-tcc tonlc deprcnto:i cc;natsrln~ of a buin filled vlth volconlc 
and volcaniclastic rocks {the Crosby !lountain• dcpreaalon) and a1ao­
ciatod (?) tu!f-breccla zone, rhyolite dccec, and a central 1tructural 
do.,e. A nueber of other volca:itc sources have been ld•ntifled, the 
Datt tar:>rt'1nt or "hf.ch lo th• llnrse llountaln andultic to quortz 
lat ite composite volcano. 

PLFta1t;;;;=s;.:1:111t ~SSEN PCAX, CALJFOR.">111' 
Cllrth Sciences Board, University of Califo rnia, 

Santa Cruz, Califo rnia ? S064, anJ U.S . C...oloqicol Survey, J4S 
ttlddloCleld !load, Mnnlo Park, Califo rnia 94025 

Ceol09k field ""'ppin9 c on.l>iuc J l.'ith radlc l:lo trlc c!atln9 and i'rolla1inary 
potrolo<J JC •tudica reveol the h i story of rle lctoceno volc~ni~D near 
1.tstcn l'cak . Chcni cnl nr..>lys" c of 6S sn..-...lc~ shO\I SIO, ra n9ln9 troco 4~ 

,_-•" 70 vt. '• r. 0-1.l wt. \ •t hO \ ~102 , .an<! rco• /~O coni laton~ly !~·~ 

~ 
' 2 Dac l~c, two•pyrnxr-nc and"!s &.tt>, and i:iitaor olivine: 11n.:hulitc ror= 
o>d pl~tr~..., in t he caster~ part or the area ar.d .>n erod<?e ~ndcaltlc 
tavo lcano (Ht. Ton.>na l i n t?le ve!St: d.\e ita and rhyoll t c occur as 

••mtn and dc:&cs in the north. Thero h~vo bea n At leant S r~j~~ opiaodcs 
of \'olca nln:.1 in the .ircn: llllhe oldea t cx1.oscd flows (.~s:.0 1 a1.y.I 
are doe i t c wtuch. t.oqclhcr w& th 2-pyro11c ne .l.nde:;itv tlOW!I and p yroc lAD­
tlcc, !o no t !: o b.>&a of Ill. Toh:u:>a .lnd or the pl.ltfo=: (2) t.'lo r.econJ cp­
bodc rro duco<I d~clte at .48• . Ol m.y . on tllf: p latfono and 2-pyroycn" 
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andcaltc nO\I eapooccl in Vie eroded cot11 of Ht. Teh41:1.tl (JI volcAnic ac­
tivity ahHt.,d to a new vent 2 ~. "e;c of the ""In Sulphur Works vent 
and p roduced olivine- a nd 2-~·roxcna &~dcsitc a1 we ll a9 a 9reatcr pro­
portion of P-/ ro<:loac lc Mtcrial : 14) tho last crup=ions !r= the Sul phur 
Works vent >1<1rc 2-pyroxQN ~esltc tlDl.'3 and l')' rcclastic fla<s, and 
(5) A Ion~ pause in eruptive activity ended when a •:olu=inoua, q•••rich 
biotl te•hornblcnde rhyoda c itc !l.Dw hsu<!d !roa a M "' vent now o: < upled 
by L.lsa~n Pe3k . Ourln~ the last 250 ,000 years ~ J.lclto do:ies h~vc bc~n 
axtru~cd in •~ eas~-wast b~nd fro~ tho northern marg in oC the platform 
to the north flanl:o o( Kt. Tch>:"..>, II.lid a hi9h-t.l b.>saltlc Gh!e ld volcnno 
wa• C!':aplaced on the aoulhr.rn p.3rt of t he plat!or:i. Volc4nic v~nts, 
thcr.:al fcatu r.,. , and the two '""jor ltrea.."'IS dralnl n9 t he southern part 
of L.ls~cr Vo lcanic National Park !ollov northwcat-ocuthcast and r.orth­
south trendu th•t intcrs~ct near the recently &ctivo volc•nic cc~ter• 
or Lassen Peak and Ch"°s Craqs. 

STABLE ISOTO?F. STUDIES OF CA-HC(F!:)-AL•SJ S!Wl.'IS,EU"JIOR.'11 MOSTAllA 
BOl/llt,.'1 1 John R., Dep11rt..,nt of Geology and Ceophysica, Unh-erslty of 

Cta.~, Salt Lake City, Utah 84112; O'NEIL, Jame• R,, Branch of 
Isotope Cec lngy, Uoit~d St&tC• Geological Survey, Menlo Park, 
California 94025 

~ta~lc C··ll-<l la:>tc;:e =:~ r-~trclor,!; studiu hava ~cc:i cc:id:.;u d on the 
llincralo&lcdl; zoned Co-~g(Fc)-Al-51 c.:ontAct •~.ams at Elkhom,Mont.lna . 
Applications of P-T-Xf equJlibrio and oxyscn isotope thermocetry to 
akom mineral acacmbhses fix cdn-stage aum fo""4tioa to P• 1. 0 +.3kb, 
T•525 ;!;30'c, X(Co2 l8.os to.30 1 loc f(OiJ•-25 to -20 ,los a(Sl02)-.0'i' to 
0.0. Calculated .SO a."ld GI> ransu for 1120 are: Incrus!vc(+6,9 to +8.2%.): 
Sltani(+9.0 to +l2.5~~:~arble(+19.7 to +72.5~ . The data clearly indicate 
that the skarn CluJds "ere dominantly 11>1£10StlC in orittn: etgnllicant 
inCluxea of Deteorlc H2ll are prwcl~ded for the main part of skarn for­
mation. This contrasts vith the relathely early influx, and lnter doi::l­
nance by,111Cteoric H20 in the O•i;ood Ko•1>tdns,Nev.ada,aurns(Taylor and 
O'NeU,1977). Mau balance calculation•,.,hlcb 1ndkate that obccrved&cl3 
values in the akama(-S.l to-8 . 7~ar• too lou to have bee:i due to dc­
catbonation of preexisting marble(-1.l to-2.&~ 1 infer a 1'.llg1>1ltic source 
!or akam C. FluctuatioDa Jn X(C02) !ra:o ... 05 to.-:.20 are indicated by 
mineralogical variations and suggested by the positive cor~elation of 
altam 1018 \11th theae pctrologic.:Jlly defined chtir.ges in lt(C02). The 
variable olBenrichnient(.8 to 4,Jx)in akarn relati\~ to mag1:1.>tlc !luidJI 
•u&&eata that this X(C02)voriatlon is the renulc of progressive "'1xing 
of mapatic H20(+B>.->uith C02(+2~)evolwd 1'1 DArhle to nkam transfor­
mation•, The ruultant X{C02) ' · 25 required by l.~e o>.')'gen isotope data 
for •uch lllixing ia compatible \llth eicpcrl:ocntal T-X(C02)stabllity lield4 
for the ob1crved uaemblagu. Stable uotope data froc Elkh~m appur to 
reflect chaagea in T-Xf condition• \lithin the akams and therefore of£et 
ODe means of inve•Uaating a"4m-fono!n~ proceucs. 

UHUSUAL PELECYPODS FROH THE PER/11AH OF ARIZO'IA AHO HEW IUIC(l 
BOYO, Donald W., Departrent of GeolJgy, University of Wyocclng, 

Laramie, Wyoming 8Z071; llEWELL, Noman D., Cepartr..ent of 
Invertebrates, Anerlcan Museum· of Natural lllstory, Ne" York, 
New York 10024 

Pennlan carbonates of Arizona and New ~~xlto contain an unspectacular 
record of in.trlne Invertebrates, Including nuaerous ~eletypod q~'lera 
co!lmln to shelf deposits of s1mlhr age in many ~arts of the world. In 
contrast to these cosrropolltan, generali:ed fonns, two unusual bivalves 
exhibit unique specializations and limited 9!!09raph1c distribution . 

Scaphel llna W£.i!!!!!, connon loca 1 l y in :h'! GJma /1ell'ber of t~c 
Kalbab Limestone of central Arizona, Is a ro~•st, highly specialized 
deep burrower with prominent palllal sl~ us and p)sterfor g~p'.l . It Is 
the only representative of Its family, and Is knnwn only In Arizona and 
Wyoming (Park City Fm.) . 

Pseudor.onotls (Trer:ia tlconcha) llkharevi is a very large bivalve 
amazingly sirntlar to rrodem oysters In general f~ r-n. It possessed a 
byssal opening throughout life, but thi s changed ~~ring ~rowt~ from a 
pectinoid notch t o a peculiarly isolated AnOl!lt a-hkc c i rcular aperture. 
Unlike true oysters, the shells 1<ere uncciii!Meii ~nd re~ted with the 
flattened right valve lowennost. The species Is co"'~.:ir. to scattered 
localities In the San Andres fol"mdtlon of flew Mexico, the Kaibab Ltire­
stone of Arizona, and the Park City Formation of Wyo:~ing . Related 
species ln the West Texas reefs were aore oyster-l i ke i n their cemented 
rrode of life and co'!lplete loss of the byssus. 

STIWCTilllAL £VOLl1l"IO~ or TUE SOUill~.".ST c:.:tA?Jl.\S CO:ultLLF.RA. 
1Sxo11n 1 Richard 1 •• , Dcpacc111en~ or Ceolos;o, 
CAcleton University, Otta113, ..is ~u&. 
nae Shu~\lap Dl!t>lilOrphlc cora co=plcx uf the Sout laeo>st 

Can3dlan Cordillcro, 1.1hich ls allochthonous \lith re5pect to 
a fl!:ed rdcrcnce fra:oe beneath the l'luln~ of th11 }orth 
l\:lcrican eraton, evolved and became consnlidut~d rrlor to 
04jor dcvelOjlG.,nt or thrust faulting in tt.e P.ocky l:Ount:ains. 

l':>lyphas e clc!un:iation o( tbe lnrrucructurc o f the cu.,plcx 
beneath n \le.lkly coroprcsscd imprastruccur.- ii proho llly due to 
6h• •r atro>lns &cner~tcd by underthru~t1ng of romr tin ai litho­
.o;>:ac:e r'1~ h~ r than to &ravJta tionol U!"'clling anc! l:itcr:il 
1>pr eading. 

l'rc-ra.toroo:plalc to early neta1DDrphic srrnln of the. eo,,.plc>< 
:ny be rcht ed to c.i9t\l:ird un~~rtlarust in& Croa the \/Out. I.ate 
aet~:oocphic cttaln ,..,)' bo rcl;itcJ tu uer; t":ard undcrthrust1n& 
of the t•orth A1>ertcan craton to the eas t . Continued under-
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0 PLEISTOCENE VOLCANISM NEAR LASSEN PEAK~ CALIFORNIA 

@ 
Lassen Peak, a large dacite dome in northern California , 

is now the most pTDrninent volcano at the southern tip of the Cascade 
• 

Range, but it actually represents the lates t stages of volcanic 

activity in an area dominated by stratovolcanoes for the last 

~2 m.y. Most of the composite cones in this end of the Cascades, 

0 

c 

25 km NW of plutonic and metamorphic rocks of the northern Sierra 

Nevada, have been eroded down to unrecognizable remnants and are 

represented by thick andesitic lahar deposits such as the Tuscan 

Formation exposed west of Lassen Peak. Tuscan rocks probably for•m 

the base on which the younger volcanics I have studied accumulated. 

~ Enoueh of a stratocone remains south of Lassen Peak, however, 

to enable us to imagine Mt. Tehama towering over the dacite domes 

which now dominate the landscape. Howel Williams called the old 

mountain Brokeoff Volcano in his excellent study of th~ geology 

of Lassen Volcanic National Park in 1932, and John Fountain called 

it Tehama in his 1976 investigation of the chemistry of the lavas 

in the southwest portion of the Park. This slide shows the U-shaped 

valley of Mill Creek, cut into rocks of the 3rd eruptive episode, 

and late stage flows in the distance. 

@) Mt. Tehama is located 200 km east of Cape Mendocino, which 

marks the location of a triple junction involving 2 transform faults 

and a shallow subduction zone where the Ju~ de Fuca plate is 

slowly moving under the N. American plate. / The volcanic activity of 

Mt. Tehama is presently confined to fumaroles and solfatoaras within 

2 belts, each about 1. 5 km. wide and 13 km. ·1ong, trending NW-SE 

and NS. These belts coincide with the major drainage patterns from 

the central eroded part of Mt. Tehama. 

My. field work was supported by the Geothermal Program of the 

U. S. Geological Survey. The mapping has enabled me to recognize 

7 episodes of volcanism, which I will now describe according to 

rock type, whole rock chemistry, and petrography. Radiometric 

ages on several units happily fit into the scheme of things. I 

classified the rock types on ~he basis of whole rock silica content, 

so that andesites contain 54-64% silica and dacites have _ up to 69% 



silica. 
This is a simplified geologic map of about 180 square kilometers c 

just south of Lassen Peak. Here is the road through LVNP, for 

reference. The major areas of thermal activity are here (Sulphur 

Works, Bumpass, Little Hot Springs Valley, Morgan, Devil's Kitchen). 

The northern part of t~e·area is dominated by dacite domes, including 

Lassen Peak off the map. Deep U-shaped valleys and glacial terrain 

extend to the west, south, and east. A ridge here, from Brokeoff 

) Mt. toward Lassen Peak, is a~emicircular feature with a steep 

.... 
) 

0 

face which has been interpreted as a remnant of a caldera wall. 

My field work has not revealed any evidence in support of this 

idea, and in fact, from the air the ridge looks more like an arr~te, 

a glacial feature, although the effect is somewhat blurred by in-

tense alteration in the central area . 

~ Altered areas are shown in an ivory color; alluvium and land-

slides are in yellow, and glacial deposits are grey. The succession 

of volcanic epiSoedes as represented on this map is keyed to the 

following diagrams by the colors: purple shows the oldest rocks 

I found in the area, dated by the K-Ar technique at 590,000 years 

on a dacite here. This dacite and a thin olivine andesite flow 

above it were engulfed by late stage eruptions, shown in brown. 

Similar dacites and an olivine andesite flow are exposed deep in 

this valley in the central area, and other dacites and olivine an­

desite form a ridge and the base of the eastern platform area. 

The blue color shows the platfoDrn flows, K-Ar dated at their• exposed 

base at 480,000 years on a dacite here and some andesites exposed 

in Mill Creek canyon here, K-Ar dated at 470)000 years. The youngest 

flows of this episode in the eastern platform contain olivine, while 

those exposed in the central area, close to the main vent do ~ot. 

The third episode of volcanism, shown in green, includes more olivine­

a..~earing andesite flows in its early stages; and is exposed in steep 

~lif f s in the central part of the eroded cone and as remnants of 

valley-filling flows to the south. None of these rocks were fresh 

enough to date by K-Ar methods nor silicic enough to attempt zircon 

separation for fission-track dating. This episode includes thick 

I flow breccias and pyroclastic deposits, and there are nume~ous 

9 small dikes in the area close to the presumed vent.~The last stages 

•=cc;;:. ''*' ~~ 
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of the construction of Mt. Teha ma are represented by this brown 

color, and again there is no radiometric control. Enough time had 

passed, however, for valleys to be well e stablished and these were 

filled by hot mudflows in the last stages of eruption. This area 

(BFQ and west) is the only coherent part of the volcano's slopes 
I 

which remains today; it consists of a succession of olivine andesite 

and pyroxene andeiste flows topped by dacites and increasing pyro­

clastic deposits. 

The orange color is a rhyodel:cite flow which is also exposed 

over 15.5 sq. Km. north of the map area and apparently was erupted 

from a vent now occupied by Lassen Peak. It is a very distinctive 

unit, glassy and containing biotite, hornblende, and enough zircon 

to attempt a fission track date. My first try has yielded an age of 

300,000 ± 100,000 years. This is based on 9 tracks in 8 zircon 

crystals out of 180 total, so I have much more work to do before I 

can report a more precise age. Dacite domes, shown in pink, were 

extruded along the northern edge of ~he stratocone and the platform; 

one dome, the green here, produced ~tubby pyroxene dacite flow 

which has been dated by K-Ar methods at .230,000 years. Ano~her 

dome contains numerous andesitic inclusions which appar>ently affected 

the composition of the duplicates enough to yield disparate K-Ar 

ages of 250,000 and 700,000 years.~The pale brown area in the SE 

is a high-aluminum basaltic shield volcano which is one of several 

in the eastern part of LVNP. A maximum K-Ar age of 230,000 years 

was obtained on this basalt but the geomorphology of the mountain 

shows it to be much younger. 

The next 3 slides present major and trace element composition 

of whole rock samples, analyzed by XRF at UC Santa Cruz. They are 

color-coded to correspond with the map pattern, and eruptive s~quence 
. ~· 

to remember is purple, blue, green, brown, orange, red. 0 Maj or 

element silica variation diagrams seem to show that the episodes withi n 

theeruptive sequence are related by _ some sort of differentiation scheme . 

The general pattern is one of smooth variation of major elements 

with increasing silica, except for the earliest episode, which is more 

silicic than the 2nd episode (in blue). But for each clement you 

can see the progression through time, with the rocks becoming slightly 

more silicic with each episode, through the late stages of Tehama 
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to the dacite flows and domes. The rhyodacite flow begins at a 

position of high silica, and then the gap between andesites and 

dacites is filled in by the data on the dacite domes. The young 

basalts plot on the trend as well, but only 4 analyses are represented 

by these curves. Notice that for phosphorus, potassium, and Ti, 

the third episode, shown
1

in green is slightly off the main trend. 

13) ~ The lower half of an AFM diagram shows the smooth compositional 
~ 

0 

trend of the Mt. Tehama rocks corresponding closely to the average 

Cascades compositional trend. The lack of iron enrichment in the 

rocks of Mt. Tehama is evident when you compare the colored fields 

to the Thingmuli trend. Both lines are from Carmichael, 1964. 

The rocks in the Lassen area, then, are a typical calc-alkaline 

suite. 

~ The TE analyses are shown as colored fields with individual 

data points marked as well, to give you an idea of how many analyses 

are represented here. There are fewer for the trace elements than 

for majors. The relative standard deviation of these values is 

2-3% for all but Thorium, which is 9-14%. For the other TE, then, 

the relative positions of the colored fields are real. Again, the 

sequence begins with a small reversal in the earliest episodes, 

followed by increasing values to the final dacite eruptions. The 

third episode, shown in green, appears anomalous with respect to 

Rb and Y. The first order picture for whole rock chemistry, though, 

is one of smooth trends suggesting a common source magma, and a 

progr-e~sion of eruptive episodes related.by differentiation. 

i} (!J This chart shows the phenocrysts present in the different 

volcanic episodes, with the oldest at the top. X means the mineral 

0 

is always present as a phenocryts, (X) means usually preSd1t, - means 

present in a few samples, and 0 means always absent. The earliest 

flows differ from E to W in the relative amounts of orthopyroxene, 

magnetite, hornblende and quartz present. This difference is re­

flected by the silica contents as well, with the western rocks 

containing 63-69% SiOz. The second episode, colored blue, also 

differs ~ in phenocryst mineralogy from east to west, with the 

eastern platform andesites occasionally containing hbl and qz, while 

the western flows which are closer to the vent do not. Plagioclases 

are reversely zoned. The 3rd episode has about the same silica 
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~ range as the second but it contains more olivine, more mt and a 

/ ~trace of biotite in the latest flows. Its plag phenocrysts are 

) 

) 

also reversely zoned. It is possible that this episode, which also 

is subtly different from the others chemically, may have emptied 
' a distinct magma chamber whose vent was located 2 km east of • 

the main vent. 

® The final stages of Mt. Tehama became more silicic, progressing 

from olivine andesite to pyroxene andesite flows in the first stages 

and culminating in qz and hbl-bearing dacites mixed_with many pyro-. . ( ~_, . 
elastic flows. The plag phenos show normal zoning.'-The rhyodacite 

flows always contain normally zoned plag, mt and hbl, usually opx, 

bio and qz, and sometimes cpx. They are 75% glass shot with mt dust 

p and rare sanidine microlites.(¥.The pyroxene dacite dome and flow 

0 

0 

·Contain cpx and opx, burned hbl and bio, plus quartz, but no mt 

as phenocrysts. Other dacite domes, shown in pink, variably 

contain. ip"decreasing amounts, phenocryts of opx, cpx, mt, hbl, 

bio and qz. The basaltic shield Y.olcano has olivine, clinopyroxene 

and mt phenocrysts, with orthopyroxene appearing in later flows. 

@) Mineralogical studies are too preliminary to test differentiation 

schemes, but they do suggest some seconJ.order variation in processes 

involving the 3rd eruptive episode. 

In conclusion, then, a generalized stratigraphic succession 

has been worked out for Mt. Tehama, based on field mapping and 

strengthened by radiometric dating of some fresh flows present in 

this heavlly dissected volcano. Within this framework, plots of 

whole rock chemistry suggest subtle differences in at least one 

volcanic episode, but the general picture appears to be one of 

a common source and closed-system differentiation. 
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Richard Vance 
Chief Naturalist 
Lassen Volcanic National Park 
Mineral, California 96063 

Dear Dick: 

Earth Sciences Board, U.C.S.C. 
Santa Cruz, California 95064 
April 10, 1978 

Last week I gave a talk at the Cordilleran Section meeting of 
the Geological Society of America, entitled:"Pleistocene Volcanism 
near Lassen Peak, California." I enclose the published abstract 
and a copy of the text of my talk. I will send you copies of the 
figures if I make any. 

I have mineralogical studies to complete before I begin writing 
my dissertation, and I expect to finish up next fall.I will send 
you a copy of the thesis when it is completed. 

I will probably come up to Mineral briefly this spring and sununer 
and I will try to see you then. Has anything more been happening 
at Sulphur Works? I would appreciate hearing about new develop­
ments. 

Sincerely, 

~ 
Penelope A. Bowen 


