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geolog col mop of Oregon The f1eld work on the Bend 
quadrangle and adjacent ports of the Cascade Range was 
done durmg part of the summer ::of 1954 w th the ass stance 
of Mr Phd 1p Lydon, then a graduate student at the Un 
vers1ty of Col forn1o Berke ley The wr ter s earl er work 
on the Newberry volcano, the Three S sters reg on Mount 
Th elsen and Cra ter lake Nat1:>nol Pork, references to 
wh ch ore l1s1ed n the appended b bl ogrophy has been 
ncorpora ted n the general reconnaiSsance map of the cen­

tral port on of the H1gh Cascades He IS gra teful to Franc1s 
G Wells and Dallas Peck of the U S Geolog cal Survey 
fa helpful d scusuon and port cularly to Mr Peck for 
locatmg the boundary between the H gh Cascade and 
Western Cascade volcanic rocks on the D1amond lake and 
Waldo l ake quadrangles He tokes pleasure a lso n ex 
press ng thanks to Ph I Brogan of Bend far valued ass stance 
1n many ways and over many years 

John Day format on (Tjd) 

The oldest rocks w1thm the Bend quadrangle ore port 
of the John Day format10n wf1 ch ranges n age from late 
01 gocene to early M1ocene They cons 1st pnnc1pally of 
flows and domes of hyol1te welded rhyol te tuff~ Ia d down 
by g1ov. ng avalanches bedded rhyol1te tufFs farmed by 
a rborne showers of ash and va colored fluv a t le and 
locustnne tuffaceous sediments Flows of ondes1te and 
basalt ere qu te subordmote 

The largest nl er of these rocks s m the northeast 
corner of the quadrangle other ml ers form Cl ne Forked 
Horn end Powell buttes and a group of hills odjo nmg 
the canyon of the Deschutes R1ver near whee 11 IS crossed 
by the Deschu tes Jefferson county I ne Cl ne Buttes ore 
composed almost ent rely of dense pole -gray rhyol1 te 
I ghtly st ppled w th smal l phenocrysts of quartz and feld ­
spar and charoctenzed by closely spaced platy jOintS 
locally the lava s somewhat pum ceous elsewhere liS 
spherul tiC The flow bonds generally t rend no theostword 
and e1ther stand vertically~ d1p eastward ot h gh angles 
though r.ame bonds d1p m the oppos te d1 rect on These 
otlltudes ore not the result of deformation but are pr1mory 
fea tures and they nd cote that the Clme Buttes ore rem ­
nants of e longa te domes of Pelean type comparable 1n 
the r manner of growth to the Iorge dome clusters form1ng 
the Powell Buttes and those formmg the Mutton Mountoms 
n the Madras quadrangle 

The nl1er of John Day ro~ks about 8 m les north of 
the Cl1ne Buttes a lso appears to represent o group of de 
nuded Pel eon domes and stumpy flows of gray and pmk 
glossy and spherul t c rhyol te and so do the Powell Buttes.. 
Forked Horn Butte cons sts m part of Quaternary bosolt1c 
cmders extens vely quarr ed for rood metal, and m port 

*Deportment of Geolog col Sc ences Un vers ty of 
Cal,forn a 

Contour :w.ter\..U 50 feet. 

cone composed of andes t c and doc1 I c Iovas whereas 
ts upper port s composed of two Recent lava scone 

cones of ol v ne basalt the younger of wh ch has a 
well preserved c oter that may have been oc t ve dur ng 
the presenT mdlenn urn TheM ddle S ste kew se con 
s1sts lorgel> of glaciated andes te and doc1te flows one 
of wh ch forms the well known Obs d on Cl ffs though 
the top of the moun to nand most of the southern s de 
cons st of Recent basal~ Other glee ated andes tes 
and doc tes were e upted from venll south of the South 
S1sler at Dev I sHill and near Todd lake 

The largest Pie stocene andes te doc te vo cono 
was undoubtedly Mount Mazama the ancestral mountom 
n th., collop>ed >UTHl I of wh c I es Crate~ Lake Th s 

volcano and Is po as t c cone Mount Scott grew to 
full he ght by erupt on o f pyroxene andes tes then m 
late PleiStocene t me mores I ceous ondes1tes and 
doc1tes were d schorged from vents on a sem1c rcular 
f1ssure on the northern slopes of the volcano wh leo 
cluster of doc1te domes rose near 11> eastern bose and 
many basal 1C c nder cones were famed elsewhere on 
the maunie ns1des (W II oms \941 1942) 

lntroconyon Basolh (Q b) 

Durmg Pie stocene I me long flows of moss1ve 
pole gray ol1v ne basalt poured down the oncest ol can ­
yons of several of the pr nc pol r vers that now I averse 
the Western Cascades such as the No th Sant1om North 
Umpqua a~d Rogue r vers and the North Fork of the 
W llome tte Rver These flows d d not ssue from the 
central vents of the H gh Cascade volcanoes but from 
f1ssures near the feet of these volcanoes and others far­
ther west They accumulated to a th ckness of 1 600 
feet n the ancestra l canyon of the North Sonll(n1 to 
about l 000 feet n the North Umpqua and to lesser 
lh1cknesses n o ther canyons No doubt the erupt1on 
took place nterm ttently over o ong span of l1me Those 
n the North Sonl1om canyon occord1ng to Thayer ( 1939) 

mus t be older than m1ddle Pie stocene because W scans n 
mora n,., I ,. on the r eroded s rfoce and probobly those 
that poured down the North Fork of theW llomette R ver 
to the VICinity of Oakr dge are of about the some age 
Those farther south hoNever ore much less eroded 
ndeed the youngest flows that descended the l1pper 

reaches of he Rogue Rver canyon ore so l1ttle d1ssected 
and the surface features ore so well preserved that they 
cannot be older than very late Pleistocene They may 
n fact be of Recent age though they are partly covered 

by glowmg ava lanche depos Is of pum ce der1ved from 
Mount Mazama about 7 600 years ego lntroca~yon 

basalts a e also plent1 ful on the eastern s de of the Cos 
code Range and some of those n the canyons of the 
Deschutes and Crooked r vers on the Bend quod angle 
ore also of Recent age 

Late Pie slocene and Recent Basal ts 
Basal t c Andes1tes and C nder Cones (Qb) 

Whereas the pr nc po erup tiOns of Pliocene and 
early Pie stocene l1me took place from vents close to the 
present ere>! of the Cascade Range later erupt1ons took 
place from vents on the eastern flank of the range and 
on the plateau st II far lher easT 1t must be emphos zed 
however tnot the boundar es shown on the map between 
the PI ocene and Ple1slocene Iovas and those now under 
d scuss1on ore only opp ox mote because they o e based 

pnmor ly on degrees of eros on Nevertheless the 
younger Iovas although ol1v ne basalts and ol v ne 
bear ng basalt c andes les essent1olly Ike the glo 
c ated o der Iovas ore o ften d st ngu shoble because 
they ore darker r cher n nterst a g ass and more 
ves culor and because many of them exh b1 t such 
or g nol features as pressure r1dges lava tubes and 
ropy crusts Some of these younger flows form ex 
tens ve flats along the east bose cf the Cascade Range 
and around the bose of the Newbe ry volcano where 
they ore por t ly covered by fluv1ol e sed1menls and 
portly by o mantle of c nders and pum ce No doubt 
some of these avos ssued from concealed f ssures 
Eb.,wh.,r., th., lovu> ac;cu ulated Ju !:l I e lo !:} 

contmued oct v ty of cent ol vents so that they bu It 
fa1rly steep s ded sh eld volcanoes of lceland1c type 
devo d of summ1t c nder cones Excmples of such vel 
canoes ore Hamner R ngo and G lchr st buttes and 
Cultus Mokloks, Royce Lookout Browns and Dov s 
mounto ns on the Moden Peak quadrangle and Trout 
Creek Butte on the Three S1sters quadrangle The 
T mber Crater volcano w th n Crater Lake Nat anal 
Pork sa beaut fully symmetr col sh c]d volcano copped 
by scar a cones ts f1nal erupt1ons oltflough post 
Ple1slocene occur ed before the cl meet c explos ens 
of Mount Mazama 7 600 years ago Excmples of much 
smal er lava cones surmounted by c nder cones a e the 
cluster n the northeast corner of the Maden Peak 
quadrangle ond the cluster ot the east bose of Nlount 
Wash ngton Genera ly these lava c nder cones show 
no def n te al nement the most notable except ens 
be ng Go r son Butte ends x od1acent cones that I eon 
a northwest trend ng ssure opprox mo tely 7 m les north 
of the S sters wh1ch may well extend as fa as Henkle 
Butte on the Bend quadrangle long flows frcm these 
ai med vents spread across the sed ments and tuffs of the 
Madras format on 1n th1s quadrangle Wh e these val 
canoes were act ve close to the bose of the Cascade 
Range s1m lor Iovas were be ng d1scharged from vents 
marked b> c nde cones on the flanks of the Newberry 
vo lcano 

The range mage of the basalt c cmder cones 1s 
w de Many of those close to the crest of the Cascade 
Range wh chore poros1tes on the f lanks of the sh1e ld 
volcanoes hove been gloc ated and 11 may be that 
some of those close to the foot of the range although 
no t glac oted dote bock to Pleistocene t me It IS 
l1kely however that most of those shown on the ac­
company ng map ore of Recent age and many of them 
were ceria nly act vr. dur ng the post few thousand years 

Youngest Basal t c Flows 
and Related C nder Cones (Oyb) 

Nol'fflere n Oregon has there been so much recent 
volcon sm as w th n the area shown on the occomponymg 
mop All of the lavas and cones now to be men! oned 
were formed dur ng the post few thousand yeo s Those 
n the Cascade Range wdl be ment10ned f1rst f om north 

to south and then those to the east 
long narrow tongues of ol1v ne basalt poured down 

the canyons of Jefferson and Cabot creeks, southeast of 
Mount Jefferson, some of them from the bose of North 
C nder Peak after 1ts explos ve oct1v ty hod ended For 
more w1despreod ore the three coo esc ng f1elds of al­
most barren block basalt along and near the crest of 
the Cascade Range between the San! am and McKenz1e 

h ghways The erup 1ons that produced these must hove 
taken place n rap d success on perhaps not mare than 
1 000 years ago The youngest flows 1ssued from Nash 
Crate and three subs1d1ary c nder cones on o f1ssu e 
I end ng north-northwest and t~ey dammed the dromage 
to form F sh and Lava ekes S m lor lavas were erupted 
from Sand Mounta nand four subs1d ory cones on a nor th 
south f ssure these ca11rned the headwaters of the Me 
Kr.nz"" R1ver to form Clear lake on the OOttom of wh1ch 
the stumps of drowned trees o e st II to be seen Next to 
the south son almost treeless w lderness of basa lt more 
than 70 square m les n extent od1o nmg the McKenz e 
H ghwoy Th1s must sure y be counted among the most 
mpress ve f elds of recenT lava n the Uni ted SToles The 

pr nc pol ven ts were Belknap Crater and l tt e Br.lknop 
and the Iotter cont1nued to pour ou t I ova after the ex­
plos ons of the former had come to on end 

51 ghtly older than the Be knop flows bu t defm tely 
belong ng to the some br ef volcon c ep1sode ore the many 
almost blmen basal t flows discharged from the cluster of 
c nder cones on the no them slopes of the North S1sler 
One of these flows spread 13m es westward domm ng 
l nton Creek to form L nton Lok., and exc..l lent e>< ­
posures of t ore to be seen a long the McKenz e H ghwoy 
At al::out the some t me other o IV ne basa l ~ were e upted 
f om the fool of the beautifully preserved LeConte Crater 
at the southern bose of the South S ster one tongue reach ng 
nto Dev I slake on Cr.ntury D ve Approx motely coeval 

flows from the nearby Cayuse Cone descended to the edge 
of Sparks lake 

The most velum nous Recen t avos m the Cascades o e 
ho~" t!rup .,J f o 1 a f >>u e >ys en 14m les lo g tl at ex 

tends d1rectly south from Bachelor Bu tte through Sher don 
Mounta1n to lookout Mauntom More than 15 c nder cones 
and I avo scar o cones I eon th sf ssure system and although 
the lava flows ore cons derobly older than those 1ust des 
cr bed bemg largely forested they exh1b t well preser~ed 

ropy crus ts pressure ndges and lava tubes e g Ed son 
Ice Cave) Some flows from Bachelor But te may hove been 
erup ted dur ng the lost m llenn urn or two but most of the 
others ore older thon the doc te pum ce b own from Mount 
Mazama 7 600 years ago as also ore the cmder cones and 
Iovas 1mmed ately east of Crone Pra1r e Reserve r Most of 
the fla t country border ng the W,ck1up Reserve rand The 
Doles California H ghwoy around lapme cons sts of e1tner 
la te Ple1slocene or Recen t basal ts blanke ted by Mazama 
pum1ce 

Three small post Mazama f 1elds of barren quart~ 

bear ng ol v ne basalt copped by c nder cones I e on a 
north south f ssure extend ng from the out le t of Dav s Lcke 
to Block Rock Butte These I ke the W1zord Island c nder 
cone and andes I c flows lflSide Crater lake ore probably 
not much more than 1 000 years old 

Wh le these Recent eruptions were gong on n the 
H gh Cascades and on the eastern flank of the range s1m lor 
c nder cones were be ng bu It and basalt c Iovas were bemg 
d scharged around the lower slopes and bose of the Newberry 
volcano The youngest of these ore almost surely less than 
I 000 years old among them are the flows tha t poured f om 
Lava Butte on The Dalles Col fern o H ghwoy to the Des 
chutes Rver and those that poured through forests on the 
northwe1t flank of the Newberry volcano leovmg n the1r 
wake abundant molds of demo I shed t rees 

of mess ve porphyr1t c lava e ther andes te or doc e but 
exposures ore nsuff c1ent to show whether the lava s port 
of ano ther Pelean dome or of a flow Jun per But te 1mmed 
10tely west of The Dalles Col1forn a H ghwoy near the north ­
en edge of the quadrang le closely resembles the Powell 
Buttes a cen tral dome - cluster be ng surrounded n part by 
short outword-d pp ng flows of rhyol te Several mesas 
and cuestos on the oppos te s1de of the H1ghway mdudmg 
Haystack Butte have cops of gray and p nkish rhyo I c lava 
that res t on rhyo 11 c lop II tuffs and tufh nterbedded w th 
platy and popery tuffaceous 1holes and ocolly these l1e m 
turn on brown crusted flows of amygdala dol andes le For 
ther south m the country between Gray Butte and the 
Crooked R1ver where the prevo I ng d ps ore southeastward 
ot 10° to 30° the John Day format on cons1sh chef y of 
rhyol lie flows and tuffs Some tuffs ore umtrot1f1ed de 
pos I> of glawmg avalanches but mas of them ore wei 
bedded produc ts of ash falls Here and there these rnyol I c 
rocks ore separated by small flows of drab green ves culor 
ondes1te and amygdala dol basalt Tuffaceous sed ments 
ore undoubtedly more abundant than the r natural outcrops 
suggest as may be judged by the th1ck sect on revealed n 
art f cal cuh along th., canal b.,tw.,en Tro I Crass ng and 
Sm1th Rock where beout1 fully varicolored tuffaceous silts 
sond1 and cloys ore mlerstrot f1ed w th tuffs and lopdl1tufh 

The max mum th1ckness of the John Day format on 1s 
revealed n the area extendmg south from near Gray Butte 
It does not exceed 5 000 feel and may be cons derably 
less ow1ng to the presence of unconf1rmed sir ke faul ts No 
whe re however IS the bose of the formo t1on exposed w th n 
the quadrang le 

Columb1o Rver basalt (Tcr) 

The sout hern edge of the vast Colo..mb a Rver basalt 
plateau passes though the northeast corner of the Bend quod 
rangle , wflere thm scattered outl1ers rest conformably or 
w1th only sl ght d1sconform ty on the John Day formot1on 
None of the outl1ers ore more than 300 feet th ck and most 
of them ore much thmner The basalt s choroc ter1s l colly 
block w th a very dense pc t ly gla~sy mo tr x rei cvcd by 
occos anal read ly v1s ble crys tals of plog1oclose and pyrex 
ene and still fewer m nute crystals of ol1vme Gene al ly 
the lava IS not ves cular but omygdules of opal and chal 
cedony ore not uncommon Scar oceous tops and bottoms 
of fl ows abundant elsewhere w thm the Columbo R1ver 
basalt were not observed here nor were any fragmental 
nteroeds or feed ng d kes detected Here and there the 

basal t exh1b1ts crude columnar structure but normally 11 
has on rregulor blocky 10 nt ng that results n the develop­
men t of angular f lat- faced talus blocks Near 0 Ned 
c lose to the Crooked R ver the gently undulotmg crust of 
the topmost flow has been reddened to o depth of o few 
feet by on overlymg sheet of Quaternary ol1v ne basalt 
The m1ddle M1ocene age ass gned to the Iovas of the 
Columba R1ver basalt nth s area s based on ev dence 
from other reg ons 

Gloc oted Lovas of the 
H gh Cascade /olconoes (Q Tbo) 

The volcanoes tha t form the crown ng peaks of the 
Cascade Range v.ere developed mos tly w th n Pl1ocene and 
Ple1stocene I me by qu et effusions of ol1vme basalt and 
ol1v ne bear1ng basalt c ondes1te and a I of them hove bee n 
mod f1 ed by gloc al eros1on The Bend quadrangle however 
l es ent rely beyond the I 1m Is of glee at on save foro sma ll 

Ouoternary lavas of the Newbe ry Volcano 
(Obu and Oyr) 

The Newberry volcano son opprox mote y c1rculor 
sh eld volcano ooout 20m le• n ba•ol d ameler wh ch •es 
4 000 feet above the surroundmg plateau (W II oms 1935) 
On top there sa co dero 5 m les long and 4 m les w de 
The oldest v s ble lavas of the volcano ore rhyol tes ex 
posed o n the walls of the caldera Thr. rhyol1tes ore over 
an by basalt c f ows and f ogmentol e1ecto and by wbor 

dmo e flows of ondes1 te and these m turn o e capped by 
rhyo te f ows that aggregate 1 000 feet n th ckness form 
ng Paul no Peak Presumably the volcano grew to Is ful 

he gr'll du ng th<: Pic stocen<: epoch then Is summ I col 
opsed along ng fractures probably n consequence of 

dro noge of the underly ng eservo r e ther by subterranean 
m grot on of magma or more I ke y by cop ous erupt ons 
of basalt from flank f ssures Thereafter erupt ons took 
place w th nand outs de the caldera No basalt c flows 
and only a few basaltiC c1ndor cones occur With n the 
caldera where most of the erupt ons nvolved d1schorge 
of hyol te Outs de the caldera on the flanks of the New 
berry sh eld no less than 150 basalt<:: c nder cones were 
bu It and nnumerable basalt c flows ssued from them only 
he youngest of wh ch o e shown sepo ately on the accom­

pany ng mop 

Recent Rhyol tes W th n and Near 
the Newberry Caldera (Qyr) 

The top of the Newber y volcano collapsed at about 
the close of the Pie stocene epoch Then as men I oned 
already erupt ons of basalt c c nders and lavas and of 
rhyo I c pum ce and obs d on flows took place both w th n 
the caldera and on the outer slopr.s of the volcano The 
f rst rhyal l1c lava escaped from a f1ssure h gh on the north 
wo of the caldera whr.nce I cascaded to the shore of 
East lake Then after two domes of rh)ol t c obs don had 
r sen on the edge of Paulina lake, north south f ssures 
opened across them ddle of the caldera floor between 
the lakes Erup ons from these f ssures produced a ser es 
of rhyol t c pum ce cones and domes and f ows of a most 
barren rhyol I c obs d on They began about 9 000 years 
ago when showers of pum ce from one of the vents fell 1n 
a cave near Fort Rack scorchmg sandals lef t by lnd ans 
n the1r fl ght fa safe ty But the lost explos ens d1d not 

toke place unl I 2 000 yeo sago as shown by rod1oco bon 
dot ng of charred wood found beneath the topmost Ioyer of 
pum ce n rood cuts between East and Poul1na lakes The 
bore f elds of gl stenmg block obs dan n the southern 
port of the colde a must hove been formed mmed ately 
after these lost explosions of pum1ce 

Ch no Hot and East Butte not for beyond the eastern 
bose of the Newberry volcano ore also pum ce cones 
whereas McKoy Butte and t~'>o adjacen t buttes on the op 
pastes de of tfle volcano ore hyol1te domes All of these 
grew dur ng the ntro caldera stage of oct v ty 

Basalt c Cmde Cones (Occ) 
(See Bend quadrangle text ford scuss10n) 

Recent Pyroxene Andes tes (Qo) 

Two consp cuous steep s ded almost symmetncol 
croterless cones se opprox motely 2 500 feet above the 
eastern bose of the Cascade Range One of them, Odell 
Butte about 8 m les southeast of Odell lake s mostly 

area n thr. extreme southwest comer above on elevol1on 
of opprox motely 4 500 feel Here ore to be seen glo 
c oted bos1c lavas erupted by the Brcken Top and Tumolo 
Mountom volcanoes 

Madras formatiOn (OTm- O Tmt) 

There seem to be no v s ble ecords of late M ocene 
depos l10n w th1n the Bend quadrangle and I may be that 
early and m1ddle Pl1ocene depos1ts ore also unexposed 
But wh le the H gh Cascade volcanoes were grow ng, th1ck 
piedmont depos Is were be ng Ia d down ch1efly by r1vers 
but also 1n lakes to the east These depos Is cons! lute 
the Madras formal on In the Bend quadrangle The forma 
I on s bes t exposed on the walls of the canyons I overs ng 
the northwest corner but to the north n the Madras quad ­
rangle where many of the canyons ere much deeper the 
format1on IS more w dely revealed and IS considerably 
th eke Foss I plants stud1ed by Chaney (1938) from ex 
posures along the Warm Spnngs cutoff rood between Mad 
res and Portland md cote that port of the formot1on there 
obouts s of early tom ddle PI ocene age In the Bend 
quadrangle however only the uppe port of the formation 
>exposed , and though foss Js ore lockmg phys ogroph c 

and other md reel ev1dence sugges ts that th s port ranges 
n age from late PI ocene to late Pie stocene The forma 

ton thus represents o long span of t1me and everywhere 
m contrast to the older formo l10ns 11 s comple tely un­
deformed The max1mum exposed th ckness 1n the Bend 
quadrangle approximates 600 feet and n genercl the 
th ckness d m n shes mountomword that s toward the 
source of the sed men ts lovos and tuffs 

The formot1on 1s composed for the most port of un 
con~ol doted and commonly cross bedded f!uv at le s Its 
sands and gavels cons1st ng of andes l1c and bomlt1c 
debr s locally there ore coarser layers of s1milor com 
pas l10n lo d down by torrent1ol volcon c mud flows 
(lahars) lemes of wh te granular pum ce and pum1ceous 
tuff of andes l1c and doc I c compos l1on n part water 
Ia d and n port a rborne and o few th n layers of d10tom 
oceou• cloy The•e depo• t. ore nterbedded w th o flow 
or elsewhere two flows of dark ol v ne basalt more or less 
charged w th opal chalcedony amygdules ond e{erywhere 
tney ore copped by extens1ve sheets of s m lor basal I tha t 
form the so called r m rocks of the canyon wa lls But 
perhaps the most nterest ng and ceria nly the most w dr. 
spread un I n the Madras format on IS o welded dac1te tuff 
(QTmt) Th s was lo1d down by glowmg avalanches d1s 
charged from a paros111c vent h gh on the nor theast flank 
of the Broken Top volcano about om le and o half west 
of Three Creek lake Some avalanches swept eastward 
f om th s source to pour down the canyon of Tumolo Creek 
and then ave flow ts bonks to emp ty mlo the valley of 
the Deschu tes R1ver about a mile and o half south of Bend 
But most of the avalanches raced nor heostword to Inundate 
almost the whole of the Bend quadrangle west of the Des 
chut-es Rver and the1r depos1 ts also underl1e much of the 
fa t country around the S sters on the adjacent Three 
S stars quodrong e Indeed the I m Is of the ava anche 
depos1 ts encompass on a eo of more than 200 square miles 
and the th ckness of the depos ts ranges generally be tween 
20 and 50 feet Near the1r source they ore aver am d 
rectly by flows of ol vme basalt or a e separated therefrom 
only by thm fluv at le beds but father away the th ckness 
of the fluv otde beds between the avalanche depos Is and 
the bosolt1c r1m rocks ncreoses too max mum of about 
200 feet Around the erupt ve vent the welded and 

bonded pumiCeous tuff s overlo n by o sheet of streaky 
von colored obs1dlon N thm the rna n depos I thr.re ore 
the usual htholog col vonot ons to be seen m welded 
tuffs elsewhere At the top and bottom of the depos t 
where cool 1ng was most rop1d the tuff IS only weakly 
to moderately welded though st ill compact enough to 
form cl ffs and generally the upper port has a pm kish 
tnt ow ng to the presence off nely d1ssemmoted fumo ­
rol c hema te The cen tral ports of the depo~ t on 
the o ther hand ore usuol y groy1sh and f smly welded 
and they show o streaky bond1ng due to the pre ence 
of abundant flattened lopdl1 and bombs of bloc;.:; ob-
s d1on and wh111sh pum ce Particularly good exposures 
con be seen on the canyon walls near the confluence 
of Tumolo Creek ond the Deschutes R1ver and n Me 
Kenz e Deep Fremon t and Squaw canyons Only a 
few remnants of woterlo d eworked p nkish tuff are 
preserved on the walls of Deschutes Canyon be tween 
Tumolo and lower B dge t s c ear, however that 
many avalanches tumbled nlo the canyon farther down 
and perhaps some swept onward to enter the Madras 
quadrangle It s probable o so that some avalanches 
overflowed from the Deschutes Canyon To empTy mlo 
the Crooked R1ver for there are patches of fluv otde 
p nk1sh tuff on ts walls about 2m les below Peter Skene 
Ogden Pork Because the vent from wh1ch the avalanches 
ssued IS a glee oted po-os1te formed dur ng the conclud ng 

stages of growth of the Broken Top volcano 1t seems 
I kely that the erupt on took place durmg late Pie stocene 
t1me 

Quaternary Basalts (Qb) and C nder Cones Occ) 

The boundary between the H1gh Cascade Iovas and 
those shown on the map as Quaternary basalts s drawn 
along the approx1mate m ts of glee Ol10n Some of the 
ungloc1oled basalts near the western edge of the quod 
rongle may well be of late Pie slocene age but probably 
all of the othe~ and certomly all those east of the 
Deschu tes Rver a e Recen t mage Many of the gloc 
oted and unglac ated Iovas are nd st ngu shoble under 

the m1crosc:>pe usually however the former ore pole 
gray whereas the Iotter are general y block ow ng to a 
h gher content of nterst t10 l gloss, ond ore often more 
ves1cular In odd1t on many of the Recent basalts pre­
serve such ongmol fea tures as pressure mounds and ndges 
ropy crusts and lava tubes Most of the Recent basalts 
east of the Deschutes Rver ssued from concea led f1ssures 
on the northern slopes of the Newberry volcano Other 
basalts ssued from vents copped by c nde cones such 
as Pdot and Henkle buttes whde the basalts form ng the 
r m rocks m the northwest corner of the quadrangle were 

poured from a northwest trendmg f1ssure morkr.d by a 
cho1n of c1nder cones that posses through Garnson Butte 
on the Three S sters quadrangle O ther vents ore marked 
by Iorge cro terless lava and lava scar o mounds such 
as Long Awbrey and Tetherow buttes or small mounds 
such as La dlow and Fryrear buttes Two fo1rly symmetr­
cal sh e ld volcanoes of pole gray o v ne basolt one of 
them called Squaw Bock R dge are JUXtaposed 1n the 
northwes t corner o f the quadrangle 
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Youngest Basalts (Qyb) 

The youngest Iovas are almost wholly res lr1cted to 
the country east of the Deschutes R ver Some of them 
were erupted from vents near the northern base of the 
Newberry volcano Among these ore flows near the town 
of Bend and those that extend northward along the De s 
chutes R ver to Tumolo These were d1schorged a ft er the 
Recen t glow ng avalanches referred to below, and pre­
sumably they ore only a few thousand years old Other 
you thful basalts poured from vents close to the Tetherow 
Buttes These empt ed nto the canyons of the Deschutes 
and Crooked r vers wh1ch were then as deep as they ore 
now The r d smembered emnanh form benches on the 
canyon walls 

Recent Pum1ce Avalan che Depos Is (Opa) 

Exposures of unconso dated wh te and p nk doc1te 
pum ce are to be seen at ntervols along Tumolo Creek 
below on eleva lion of about 3 BOO feet and along the 
walls of the Deschutes Rver from a po1nt 6 md es above 
Bend to Wh te Rock Ranch some 14 m les downshe am 

Foul 

It IS clear from the nature and d1stnbut on of these de 
pas ts that they were lo d down by sw ftly mov1ng glowmg 
avalanches Unfortunately, however 11 has not been 
determmed whether the avalanches 1ssued from vents on 
the fla nks of the Broken Top volcano or from othe s occu 
p1ed by the domes tha t fa/TTl the McKoy Buttes on the 
western flank of the Newberry volcano though the form 
er seem more l1kely In any event th e e rupt ons took 
place, m Recent I me for the wr.lded tuff 1n the Madras 
format on hod been deeply e roded and buned beneath 
f luv1ot le sed ments and these 1n tum had been d ssected 
and portly bur ed by 1ntracanyon basalts before the ova 
lonches descended The f rsl ones lef t depos t~ local ly 
as much as 30 feet th1ck of unbedded and fa ntly bedded 
wh te granular pum1ce conto n1ng spored c bombs as much 
as 18 nches across abundan t smaller lumps and lapdl1 of 
pum1ce and ~moll angular l1th c ch1ps of andes te and 
basalt These n1 l ol depos1ts ore covered 10 places by a 
bed generally between o foot and two feet th1ck com 
posed mostly of almost flourl ke, wh1te pum ce dust wtlh 
lenses of small pum1ce lumps Th s bed seems to repre 
sent reworked avalanche debr s that settled slowly from 
the choked wale~ of the Deschutes Rver Above t I e 
p nk avalanche depos ts as much as 15 fee t th ck These 
unl1ke the wh te depos Is must have been la 1d dawn on 
dry land and have remamed hot for a long l1me because 
the1r p1nk color results from subl1mO t1on of hemal1te from 
fumorol c vapors the pos1ogewoys of some of wh1ch ore 
st II marked by vert col and rregu lor cracks bordered by 
sl ghtly altered pum1ce The p1nk avalanche depos1 ts 
are traceable down the canyon of the Deschutes R1ver as 
for as T w n Br dge • and washed rem 10nts ore to be seen 
near Clme Falls as we l l as n a quarry adjoining the we st 
s1de o f The Dalles California H1ghway near Terre bonne 
Local ly the avalanche depos 1ts were weathered to a th1n 
so1l before be ng buned by fluv1o td e basal t c sands and 
grovels, and n places channels cut 1n these sed1men ts 
were portly flied by Recent flows of ol1vme bose t 

mantled w th pum ce blo vn from Moun t Mazama sol1d 
exposures of pyroxene ondes1 te local y r ch ncr sto 
bol tr. be ng v rtually conf ned to the summ1 t reg1on 
Steep to vert cal flow bond1ng suggests that th1s port 
of the butte at least wm formed by o v secus pro tru 
son of Pe eon type The other cone Block Butte wh ch 
measures 4 m es across he bose cons sis of ves culo 
pole gray ol v ne bear ng basalt c ar1des te lovm the 
f no I effus ons be ng so v <co s os to farm o dome obi I 
erot ng the summ I vent Apparently the condu I of th s 
volcano I es on a no th south foul I tho! posses th ough 
/v\etol us Spr ngs and o ong the upper port of the canyon 
of the Metol1us R1ve 

Doc1te Pum ce Erupted by N.ount Nozoma 
(Qpf and Opo) 

Th., d mact c explas ons that led to the col apse 
of the top of Mount Mazama and the format on of Ca ler 
Lake took pia e about 7 600 years ago by wh chI me 
all the glee"" son the volcano hod retreated abo e the 
eleva! on of the present r m of C oler lake except n 
three canyons on the souths de The n1t ol outbursts 
aftr.r o long per od of calm were of Vulcan an type the 
pum ce be ng hurled h1gh nto the mr to be dr fled by 
w nds and fall m showers over o vast area ch1efly to 
the east and northeas t The depos Is of th s pum1ce fall 
(Opf) apprax mole 3 ~ cub c m les m volume lmmed 
a ely after vords glo v ng ovolonchr.s swept down from 
the summ t of Mount Ma zama at hur one speeds They 
raced down the canyon of the Rogue R1ver for a distance 
of 17m les and down ollthe other deep gloc ol can 
yons on the mounto ns1des mundot ng vast areas of flat 
ground below (Ope) Most of the avalanche depos Is 
ore composed of dac1te pum1ce m1nerolog cally and 
chem colly s m lor to the doc te of the earl er pum ce 
fall but the !mal ova on hes dr.pos ted dark hornblende 
r ch basaltiC >co o A I told the avalanche depos Is 

total between 6 and 8 cub c m les m volume 1t wm 
the rap d dro nage of the reservoir beneath Mount 
Mazama brougl about by these colossal e~upt on> 
coupled w1th underground dramoge of magma that 
caused the moun tomtop to founde and so produce Crater 
lake The d scovery of art facts beneath the depos1ts 
of the pum ce fall shows that Man ol eady nhab ted 
th1s port of Oregon when these dromot c events took 
place 

Recent Doc tes (Qd) 

There has been more volcan c oct v1ty n the 
Three S1sters reg1on dur ng the post few thousand years 
than 1n any other port of the ent1re Cascade Range 
Th s oct v ty has produced basaltiC c nder cones and 
flows on the one hand and domes and flows of doc te 
and beds of doc1te pum ce on the other The latest 
doc t c outbursts took place c ose to the South S1ster 
They fo medon extens vr. shee t of almost barren obs1d10n 
at Rock Me~o and o spectacular chon of ob don domes 
and flows that extends for about 3m les northward from 
Century Dr1ve D scharge of a few of these th1ck massr.s 
of blocky Ia a was preceded by explosiOns of dac1le 
pum ce All of these ob5 d ons o e younger than the 
odjocent c nder cones but whr.ther or not they ore 
also younger than the Recent basalts border ng McKenz e 
Pass s uncerto n In any event the ob5 d1ans ore 
younger than the doc1te pum ce blown f om Mount 

~0 

Dp&St ke Ho zontal Beds 

Recent D atom te (Qd) and Alluv um (Qol) 

Near lower Br dge a tr butory of the Deschutes 
Rver was dammed by o Recent flow of ol v ne basalt 
to form o lf>mpomry okf' ahout ho fa <gunre m le n 
extent Beds of d1olom te and pum1ceous tuffaceous 
silts and cloys accumulated n the lake the d1atom tes 
hov ng on aggregate th ckness of opprox motely 50 
feet one bed reach ng o mox1mum th ckness of abou t 
20 feet The lake beds were sub5equently buned by 
cross bedded fluv at le basalt c sand and gravel 
At on earl er l1me, the Crooked Rver was dammed 
near 0 Ned by flows of basalt so that o lake was pro 
d ced upstream and one of ts tr butar es w= mpounde-d 
to form another lake n what s now lone Pme F at 
Well bedded pum1ceous and cmdery sed ments are oc 
compon1ed by th n beds of d atom1 te n the resultan t 
locustrme depos1ts 

Structure 

The late Pl1ocene and younger rocks of the Bend 
quadrangle seem to be undeformed on the other hand 
the Columb10 Rver basalt and the underly ng John Day 
format on were deformed together e1 ther dur ng early 
PI ocene or late M1ocene t me Reference to the map 
w II show tflat n the northeast comer of the quadrangle 
severa l small out I ers of Columbo Rver basal t are pre ­
served along and near the crest of o brood southwest 
trendmg ant cl ne South of the crest the prevo I ng 
d1ps of the beds of the John Day formal on ore southward 
and southeoHword at angles as steep as 30° nor h of the 
crest the d1ps ore much more var ob e though momly to 
the north and west Se~erol unmapped faults ore un 
doubtedly present south of the cres t as along Sherwood 
Canyon and lone Pme Flat and mas t of the mesas and 
cue~ las a tl of tl e cre>l o e I or~b >t!po•uted by faults 
of rregular trend Whether the ml ers of John Day 
rocks close o the Deschutes R ver ore on a southwest 
word extens on of the scme structural h1gh or owe the1r 
exposure to the fact that they were or gmal volcon c 
em nences 1s uncertom As for as con be 1udged all 
of the observed d1ps shown by the Iovas of the John Day 
format on outs de the northeas t corner of the quadrangle 
ore pr mary rather than the result of deformo t on 
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Mazama and perhaps they ore no more than about 
I 000 years old 

Two much older but st I Rec.,n t domes of pale 
gray pum ceaus doc te ore present near the northeast 
bose of the Droken Top volcano nonely Melv nand 
Three Creek buttes These seem to l1e on o northwest 
trend ng f1ssure that cont1nues 1n one d reel on to the 
vent of Trout Creek Butte volcano and 1n the othr.r 
along the bose of a p onounced break n slope of the 
Broken Top volcano 
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VOLCANISM IN THE CENTRAL PART OF THE 
HIGH CASCADE RANGE OF OREGON 

AND ON THE PLATEAU TO THE EAST 
By 

Howe! Wdhoms* 

Volcanic Rocks of the Western Cascades (Twc) 

The Cascade Range IS d1vls1ble •nto two belts, 

namely the Western and H1gh Cascades The forme r 
belt consists of gently folded volcanic racks rongmg 
1n age from late Eocene to lote M1ocene N!ost of 

the topography here IS mature and there ore no traces 
of ongmal volcan•c forms The H1gh Cascades, on 
the other hand, cons•st of younger volcan•c racks 

that ore v1rtuolly undeformed, most of the topography 

there IS constructional and the ongmol forms of the 
volcanoes, even though mod1f1ed by glaciation, ore 
eosy to V1Sual1ze Other 1mportant contrasts dislm­
gu•sh the two belts The th1ck volcaniC accumula­
tions of the Western Cascades are mamly products 
of f1ssure erupt1ons that produced extens1ve plateaus 

Hence there ore few eroded plugs markmg the con­
duitS of large volcOlloes, mstead, erupt1ve f1ssures 
ore marked by narrow d1kes of megulor trend The 

H1gh Cascades, on the contrary, were bud! almost 
wholly by erupt1ons from central craters ~ that 
clusters of Iorge, coolescmg cones were formed, 
many of wh1ch have been d1ssected by gloc•ers so 
as to reveal the•r feed•ng p•pes Fmally, whereas 
the H1gh Cascade volcanoes grew almost ent1rely 

by effus1ons of basalt and bosolt•c andesite, the 
rocks of the Western Cascades were produced by 
much more vaned eruptions Moreover these older 
rocks range m compos•! on from rhyol1te to basalt, 
and the lavas ore mtercoloted w1th heterogeneous 
sheets of exploSIOn debns, rong•ng from coarse 
agglomerates to fme tuffs, as well as w1th layers 
of tuffaceous sed1 men! 

The Western Cascade belt averages approx­
Imately 50 mdes m w1dth, and the volc<n1c rocks 

ore as much as 13,000 feet th1ck Beneath the H1gh 

Cascades, these racks mU5t •nterfmger w1th equlvo­
lents of the Clarno, John Day, Columb1o R1ver, and 

Mascall formations, wh 1ch ore exposed on the plateau 

to the east 

"'Deportment of Geolog1col 'ic1ences, Un1vemty 
of Cal1fom1a 

Only the upper port of the volcanic sequence 

of the Western Cascades 1S represented on the oc­
companymg mop Thayer ( 1939) d1shngu1shed two 
pr1nC1pol groups w thm the basm of the North Son­

ham R1ver The older group, wh1ch he ca lled the 
Bre1tenbush tuffs, opprox1motes 7,500 feet 1n th,ck­
ness east of Detroit It cons1sts ch•efly of green•sh 

crys ta l tuffs, lopdl1tuffs and tuff brecc 1as, fme 
wh1t1sh tuffs, rare beds of agglomerate, fluv•atde 
tuffaceous sed1ments, rongmg from f1nely bedded 
s1lts to coarse lohor1c conglomerates, and occos •onol 
lava flows Some beds con tom a late M1ocene floro, 

but some may dote bock to the 0 l1gocene or even to 
the Eocene epoch Near Detroit the beds d1p west­
word beneath a younger group wh 1ch Thayer called 
the Sordme Iovas These extend to the VICinity of 

Mdl C•ty The1r th1ckness approximates 6,000 feet, 

and they cons 1st mo1nly of moss1ve flows of andes1te 
and fewer flaws of basalt and rhyol1te Interbedded 
w1th layers of tuff and breccJa Near Halls (now 
covered by Detro t Reservoir), m the canyon of the 
North Sant1am R1ver, these rocks ore mtruded by a 

small stock of d1onte porphyry In the v•c•n•ty of 
the mtrus1on, the Sordme Iovas, wh1ch ore normally 

gray1sh or brown1sh, hove a diStmct•ve green color 

due to the presence of ep1dote and ch lonte Small 
mmes and prospects ore restncted to th1s belt, wh1ch 

runs southward to the VICimly of Blue R1ver and Upper 
Soda on the McKenzie Bndge quadrangle 

Throughout most of the McKenzie Bndge quad­

rangle the rocks of the Western Cascades l•e flat or 
d1p at angles of less than 10" The youngest rocks 

ad1ommg the South Sanham canyon eo't of Iron 
Moun tom ore dark flows of andes1te and basalt mter­
bedded w1th mmor lenses of agglomerate, lopdl,tuff, 

and green1sh rhyol1t1c or doc1l1c tuffs and cut by 
several narrow, vert• col d1kes of ondes1te or basalt 
Westward to the v1cm•ty of Upper Soda, the under 
ly•ng rocks mclude more pyroclastic debm, rongmg 

from wh1hsh rhyol1te tuffs to dorkerr voncolored 
andes11ic lop•ll•tuffs and tuff brecc1os Between 
Upper Soda and Coscod1o dark flows of ondes1te 
and/or basalt ogom predommote In the southeast 
corner of the quadrangle, gently d1ppmg and flat­

lying flows of brown-crusted dark ondestles form the 

bulk of the sequence, but tuffs and brecc1os, though 
not well exposed, ore plent•ful 

Pre-Pliocene Volcan1c Rocks East of the 
Cascade Crest (Tab) 

In the northeast comer of the Ma1den Peak quad­

rangle, there IS a r1dge that culm motes m Woke Butte 
It consiStS of well-bedded basaltiC tuffs and lopdl.tuffs, 

m part pologon111c, marked by o fme, buff motnx and 

Jn places by abundant angular blocks and lop1lh of black 
basalt The prevad•ng d1ps ore toward the north, north­

east, and east at angles of on much as 30", but locally 

they ore m oppos1te d1 rect1ons These d1ps ore pnmary 
features, though the ndge 1tself seems to be on eroded 

fault block The age of the rocks IS uncertom, although 
a lmost certomly pre-Pliocene, and no s•mdor depos1ts 

hove been observed w1thm or close to the Cascode Range 
Where the Metal. us R1ver crosses the Nlount Jef­

ferson quadrangle, the canyon walls conmt ch•efly of 

andes t1c Iovas, lopdhtuffs tuffs, and lahor1c depos1ts 
cut by occos•onol d1kes Pyroxene ondes1tes pred:tm•note 
but homblende-nch vanet1es ore common W1thm the 

b1g bend of the canyon, the d1ps ore vor able, though 
generally westward at angles of 10° or less, h1gher up 

the canyon, on the Green R1dge scarp, the d1ps ore 
eastward at angles of 10" to 30" The age of these 
rocks IS also uncertom They were eroded to a gently 

undulotmg surface before bemg buned by Pliocene and 
Pleistocene basalts No doubt, however, the rocks ore 

coeval w1th some members of the volcanic sequence 1n 
the Western Cascades 

Fmolly, there IS a fault block opprox•mately 10 

mdes south-southeast of the Newberry caldera Th1s 

cons1sts momly of porphynt1c pyroxene ondes1te and 

ondes11ic basalt flows that ltnke N 10" 15° W and 
d1p both to the west and east 

John Day format1on (TJd) 
(See Bend quadrangle text for d1scuss•on) 

Columb1a R1ver basalt (Tcr) 
(See Bend quadrangle text for diSCUSSion) 

Pl1ocene and Ple•stocene Volcanoes of the 
H1gh Cascades (QTba-QTv) 

The H1gh Cascade volcanoes probably began to 

erupt about the begmnmg of the Pliocene epoch, and 
almost all of them were brood sh1eld volcanoes budt by 

qu•et outpourmgs of gray ohvme basalt and subordinate 

flows of ohv•ne-beonng b0$olt•c ande$1le Explos1ve 

OCIIVI!y contnbvted l1ttle to the1r growth unt1l the fmal 
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stages when the summ1t craters of many sh1elds were 

copped by steeper cones of fragmental e1ecta Glac.al 

eros1on has mochf1ed the shapes of all these volcanoes, 
mdeed, most of them hove been reduced to rod1ahng 

ndges separated by gloc1al c1rques The poros111c cones 
on the•r flanks hove been all but demol•shed The frog­

mental cones on the1r summ1ts hove been denuded untd 

the more res1stont f,llmgs of the1r central p1pes hove 

been left stond•ng as g1ganllc monoliths, l1ke m•n•ohJre 

Matterhorns Espec1olly v1v1d examples of such deeply 
d1ssected volcanoes 1nclude Three Fmgered Jack, Mount 

Washington, North S1ster, Husband, MountYoron,loke­

v•ew, Cowhorn, Sawtooth and Howlock mountams, Mount 
Th1elsen, and Un.on Peak Gloc•al eros1on has also re­

vealed, though less consp icuously, the central p•pes of 
the W,fe, Sphmx, Broken Top, and D1cmond Peak vol­

canoes 
Detailed accounts of several of these denuded 

H1gh Cascade volcanoes have already been publ1shed 

(W•IIioms, 1933, 1942, 1944), 11 must suff,ce therefore 
to descnbe a few add•honal examples Probably nowhere 

m the Cascades, except at Crater lake, 1s the •nner 

structure of a volcano more clearly displayed than on 
Three Fmgered J ock After the mom sh1eld volcano hod 

been fanned by diScharge of moss1ve flows of gray ohvme 

basalt, strong explos1ons took place from the summ1t cra­
ter budd1ng a cone of e1ecto more than am le m d1ometer 

The fragmental matenols of th1s summ1t cone ore mogn•f•­
cently exposed on the walls of the c1rques adjacent to the 

htghest pmnocles They conSist of buff, brown, red, 

orange, and gray tuffs, lop1 ll1tuffs, tuff brecc1as, and 

agglomerates Some layers contom sconoceous bombs, 

others ore crowded w1th angular, l1th1c fragments of dense 
block basalt Presumably, therefore, Strombalton erup­

tions alternated w1th eruphons of Vulcan1on and Ultra­

Vulcon•on type Tile eJecta generally d1ps away from the 
central p1pe at angles of less than 30°, and 1! IS cut by a 

maze of vert1cal and steeply d1ppmg dtkes most of wh.ch 
are also rad1al w1th respect to the central pipe Some 

d1kes measure about 10 feet across, but most ore between 

3 and 6 feet w•de Only t1 few of them extend beyond 

the fragmental cone to cut the enc1rchng Iovas of the 
old c rater walls 

Toward the close of the explo,s1ve phose, th•n flows 

of ves1culor black basalt 1ssued from f1ssures on the flanks 

of the summ1t cone, spread1ng on ta the older flows of 

gray ohvme basalt, JUS! as S1mdor flows d1d on such other 

H1gh Cascade volcanoes as Mount Thu:~lsen and North 
S1ster 

basalt and andesite fiows. Subordmate 
tuff brec<:ulll volean1e mudflow deposits, 
rhyolite and dacite tuffs and tuffaceous 
sediment!! 

The vert1col plug f llmg the central p1pe of the 

Three Fmgered Jock volcano 1s to be seen northeast 
of the summ t It measures approximately 400 by 100 
yards across 1ts mo1or ox1s trendmg north-northwest 

l1ke all other central plugs of H1gh Cascade volcanoes. 
II conSISts of ohvme-beonng m1cronor te more or less 

charged w1th tt~dym,te and cr1$tobol•te Pole""'ilroy 

sl1ghtly coarser-grained m•cronor1te and dark-gray, 
almost aphon•l•c m1crononte cut eoch other Irregu­
larly, and each contmns angular fragments of the other, 
md•cotmg repeated autobrecc1ahon and succes:uve •n­

trus•ons Generally, there 1s ne1ther band•ng nor 

ves culanty, and steeply d1ppmg JOints become more 
w1dely spaced 1nwords 

The central plugs of some H1gh Cascade vol­

canoes ore considerably larger tha1 that of Three 
f1ngered Jack, and some volcanoes have two plugs 
msteod an only one For example, the Husband vol­
cano has two plugs, one of wh1ch 1s the largest m 
the range, meosurmg three - quarters of a mde long 
and 300 yards w1de The plugs of the Un.on Peak, 
Howlock Mounto•n, and Mount Th1elsen volcanoes 

each measure approximately half o mde by a th1rd 
of a mde The lokev1ew plug measures 500 by 300 
yards, but the tw1n plugs of the D1omond Peak and 
Broken Top volcanoes ore much smaller Around 
some plugs, e g , the Un1on Peak, Mount Th elsen, 

and Cowhorn Mountain plugs, the surroundmg frag­

mental deposits ore strongly upturned, round others 
there 1s no deflectiOn And although most plugs m­

trude pyroclosllc cones, some, such as the lokev1ew 
and D1omond Peak plugs, do not Almost all ore 
elongoted m a north south direction, that 1s to soy, 
parallel to the length of the Cascade Range 

Many Htgh Cascade volcanoes hove been much 

less mod1f1ed by gloc1al eros•on, although these also 
hove lost the1r summ1t craters Same of these vol­
canoes may hove begun to grow at the some t me as 

those that now reveal the1r central plugs, but, 1f so, 

they certo1nly contmued to be ocllve to a later dote 

Among these less denuded volcanoes are FuJI Moun­

tom, Mount Bo1ley, and Ma1den Peak, each of wh1ch 
cons1sts of on eroded summit cone of fragmental e1ecto 
cappmg a basolt1c lava sh1eld Other croterless vol­

canoes ore composed entirely of basaltiC flows 

Although gray ohvme basalts and ol•v•ne­
beanng basaltic andesites constitute by for the bulk 
of the Iovas of the Pliocene and Pleistocene H1gh 
Cascade sh1eld volcanoes and although some vol­
canoes discharged darker and more glassy flows of 

the some compostt1on durmg the1r dedmmg stages 
of growth, the M1ller Mountam volcano m the Che­

mult quadrangle also erupted more sd1ceous Iovas 
from parasitic vents far down 1ts northeast flank 
Thus, on the canyon walls of B1g Marsh Creek and 
the l1ttle Deschutes R1ver, the normal mof1c lavas 
ore overla1n by extensive, glaciated flows of glossy 

pyroxene doc1te through wh1ch protrude such domes 
of doc1te as those formmg Cappy Mountam, and 

Bum! and Hemlock buttes 
The earl1est H1gh Cascade lavas were erupted 

from o north-south cham of vokonaes close to the 

present edge of the Western Cascades It seems 
moreover, that these volcanoes loy on or near the 
bose of an eastward-facmg eros1on scarp cut m the 
rocks of the Western Cascade sequence In places, 

th1s buned scarp was between 1,500 and 3,000 feet 

h1gh, and where 1t was steepest and straightest 11 
was almost certo1nly the result of foultmg As the 
volcanoes gamed m he1ght and the crest of the scarp 
was lowered by eros•on, more and more of the H1gh 
Cascade lavas were able to flow westward, •nundot­
mg the scarp and spreodmg beyond on to o surface 
of low to moderate relief cut 1n the older volcaniC 
rocks Espec1olly was thl!i the case m the Waldo 

lake quadrangle, where H gh Cascade basalts spread 

for to the west over a gently undulotmg surface mostly 

between elevohons of 3,000 to 4,000 feet Some 
basalts poured westward down the ancestral volleys 
of the present motor nvers, but 11 IS apparent thot 

most of the present canyons that cross the Western 
Cascades were •nc•sed after the H1gh Cascade vol­
canoes hod ceased to d.schorge the1r lavas m that 

d•rect1on 
Madras format1on (QTm-QTmt) 

(See Bend quadrangle text for d•scuss•on) 

Plentac:ene A .. des•te and Oac.te Cones (Qad) 

The bulk of the H1gh Cascades, 0$ noted al­

reody, cons1sts of Pliocene and Ple1stocene ohvtne 
basalts and ohvme-beormg bosalt1c andes1tes erupted 

from flatt•sh sh1eld volcanoes, ond m places d1schorge 
of Slm tlor Iovas contmued unll1 very recent ltmes But 
durmg the P1etslocene epoch several large <+a.,..,_ 

s•ded compos1te cones of andes1te and doc1te were 
bud! e1ther on the tops of the older sh1elds or m the 

depress1ons between them The South S1ster, for ex­

ample, IS mode up of three ports In lower port IS an 
eroded basaltiC sh1eld volcano copped by a steeper 


