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FOREWORD 

In the l ast  few years, geo logists of many i nterests h ave turned their attention to the great chain of ande­
sit ic  vo lcanoes that ri ms the Pac ific Ocean. They h ave become i ncreas ing ly  conscious of the fu ndamenta l 
problems rel ated to the origi n of andesi tic rocks and their ro le  i n  the evo lut ion of conti nents and mountai n­
bui l di ng systems. The Andesi te Conference was organized through the joi nt efforts of the Upper Mant le  
Commi ttee, The Center for Vo l canol ogy , and the State of Oregon Department of  Geo logy and Mi neral 
Industries to provide an opportuni ty for persons currentl y  spec ia l izi ng i n  the varied aspect of andesi t ic  
vo l canism to come together and discuss i nforma l ly  the resu l ts and directions of thei r research . 

The High Cascades of Oregon provide a fitti ng setti ng for such a conference. Visits to the vo l cani c 
centers described i n  th i s  gui debook were organi zed so as to uti l ize th e grow ing wea l th of geo logi c ,  geo­
chemi ca l , and geophysica l  data they provide as a sti mu l us for di scussion of andesi tic vo lcanism on  a broad 
sca l e. 

The fie ld  tri ps , therefore, consti tute a very i mportant part of the meeting. They have been made 
possi b l e  on ly  through the combi ned efforts and contri buti ons of many i nd ivi dua l s  and organizations . 
Chief among these are: 

The people of Bend and their Lunar & Pl anetary Base Research ,  Inc. 
The staff of Crater Lake National Park 
The staff of Deschutes and Wi l l amette N ational Forests 
The Eugene Water and E lectri c Board 
Centra l Oregon Commu n i ty Col l ege 
Pac i fic  Northwest Be l l  Tel ephone Co. 
Pac i fic  Power & Ligh t Co. 
Pac i fic  Tra i lways 

We wi sh to express our grati tude for the i nva l uabl e assi stance these persons h ave provi ded and to 
the contri butors to th is  guidebook and the l eaders of the separate fie ld  excurs ions . 

Hol l i s  M .  Do le 
State of  Oregon Department of Geo l ogy 
and Mi nera l Industries 

Hi sash i Kuno 
Upper Mant le Commi ttee 

A l exander R .  McBirney 
Center for Vo lcanol ogy 

i i  
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ROADSIDE GEOLOGY 

SANTIAM AND MCKENZIE PASS HIGHWAYS, OREGON 

By Edward M .  Tay lor* 

I n t r o d u c t i o n  

Some genera l remarks about centra l  Cascade geo l ogy 

The Cascade Range in Oregon consi sts of two para l l e l  vo lcan ic mountai n be l ts known as th e Western and 
H i gh Cascades . Rocks of th e Western Cascades are re l ative ly  o ld (rangi ng perhaps from 5 to 40 mi l l i on 
years) and h ave been so deep ly  eroded th at a mou nta i n peak i s  more l i ke l y  to be a remnant of a res i stant 
l ava f l ow th an  the site of an anci ent vo lcano . Mi nor fau l ts ,  broad fo l ds ,  and extens ive areas of hydro­
therma l l y a l tered rocks are commonp l ace i n  the Western Cascades . Wh i l e  basa l t  i s  the predomi nant rock 
type , daci te and rhyodacite tu ffs and we l ded tu ffs are a l so common . Andesi tes and sma l l  p l u tons of quartz 
d ior i te and quartz monzon i te are present but are re l at ive l y  rare . 

I n  contrast , the H i gh Cascades are younger; near l y  a l l  of the mou nta ins  h ave been acti ve vo l canoes 
wi th i n  the l ast few mi l l i o n  years and some h ave been acti ve with i n  the l ast few thousand  years . Fau l ts 
are rare, fo l ded rocks have not been recogn i zed, and th e l avas h ave been hydrotherma l ly a l tered on l y  i n  
the v ici n i ty o f  vo l can i c  p l ugs . Large andes i ti c  vo lcanoes such as Moun t  J efferson and Sou th S i s ter rest 
upon a broad p l atform of coa l esci ng basa lt ic sh i e l d  vo lcanoes . I n  terms of re l ati ve vo l u me ,  andesi te i s  
i ns ign i ficant wh en compared to th e basa l t  of th i s  p l a tform . Daci te and  rhyo l i te are even l ess abundant 
and on l y  a few we l ded tu ff un i ts are known . 

I n  sp ite of th e genera l contrast between the Western and H i gh Cascades , th e ir  common bou ndary i s  
d i ffi cu l t  to  l ocate . I n many areas , ad j acent rocks of both provi nces are f l a t- l yi ng, una l tered , and are 
si m i l ar in chemica l and mi nera l ogi ca l  compositi on . To reso l ve th i s  prob l em ,  i nd iv i dua l rock un i ts must be 
traced from areas i n  wh i ch th e bou ndary is easi l y  fixed , i nto areas i n  wh ich th e pos it ion of th e bou ndary 
wou l d  be otherwise obscure. Th i s  has now been accomp l i shed i n  the centra l Cascades and severa l i mport­
ant re l at ionsh i ps are apparent: (l) A d i sti ncti ve and wi despread u n i t  of homogeneous  coarse-grai ned ba­
sa l t  marks th e base of the H i gh Cascade sequence . I t is usu a l l y  d i ktytaxi t ic  and occurs in th i ck sections 
of many th i n  fl ows . (2) A more vari ab l e ,  fi ner grai ned , dense basa l t  over l i es th e coarse-grai ned di kty­
taxiti c secti on  and forms the bu l k  of th e High Cascade p l atform . (3) Th e H igh -Western Cascade bou ndary 
i s  out l i ned by th e western l i m i t  of th e coarse-grai ned di ktytax iti c  rocks . Loca l l y ,  where they over l ap the 
coarse -grained section , the fi ne-grai ned ,  dense basa l ts form th e bou ndary . (4) A profound eros iona l  
and/or angu l ar u nconformity exi sts at  th e boundary . Coarse-grai ned ,  d i ktytaxiti c ear l y  H i gh Cascade ba­
sa l t  i nundated eastern footh i l is of prev ious ly  deformed Western Cascade rocks and , i n  p l aces , poured west 
for 10 mi l es through th e same major va l l eys wh ich penetrate th e Western Cascades today . (5) If th e bound­
ary i s  contro l led by a ma jor north-south fau l t ,  as  h as been suggested by severa l authors , th i s  fau l t  i s  not 
exposed to v i ew and has not d i sp l aced th e H igh Cascade rocks. I n fact , th e pri ncipa l  fau l ts a l ong the 
boundary are genera l l y  l ess th an one mi l e  in l ength , trend northwest , and i nvo lve d i sp l acements of l ess 
than 1 00 feet. Th ey are restri cted to th e Western Cascades . 

The foregoi ng re l ati onsh i ps suggest that nei th er eros ion nor fau l t i ng has great l y  a l tered the central 
part of the Western Cascades s i nce  H igh Cascade vo l can ism began . It seems l i ke l y  th at the entire H i gh 
Cascade p l atform and the peaks whi ch rest upon i t  may have been formed i n  much l ess t ime ( 1 . 5  m i l l i on 
years? ) than the common l y  accepted P l i ocene and P le i stocene i nterva l . I n  th e wri ter ' s  opi n ion , the many 

*Department of Geol ogy , Oregon State Un i versity , Corva l l i s ,  Oregon . 
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SANTIAM-McKENZIE PASS FIELD TRIP 5 

areas of " H i gh Cascade" rocks wh ich have been mapped wi thin th e Western Cascade Provi nce are not to 
be associ ated i n  ti me or i n  p l ace of origi n with H i gh Cascade vol can i sm . 

H igh Cascade rocks appear to be conti nuous wi th , or trans it iona l  i nto , rocks of th e l ava p l ai n s  to 
the east . A sharp t ime bou ndary separati ng di sti nct geo l ogi c prov i nces probab ly  does not exi st h ere . 

I n  the centra l part of the H i gh Cascades ,  andesites , daci tes , and rhyo l i tes crop out on l y  i n  th e v i ­
ci n i ty o f  th e Mi dd l e  a nd  Sou th S i s ters . Porphyri t ic a nd  nonporphyri t ic basa l ts ,  o l i v i ne  basa l ts ,  basa l t i c  
andes i tes , hypersth ene- and  augi te-beari ng andes i tes , hypersth ene-bear ing daci tes , rhyo l i tes , a nd  rhyo­
l i te vi trophyres a l l seem to have been erupted duri ng a l l stages i n  th e deve l opment of th ese vo lcanoes . 
I nsofar as a chrono l ogi ca l  sequence of th e most abundan t rock types can be recogn ized ,  i t  i s  ( 1 ) rhyo l i te ,  
(2) andesite , and (3) basa l t .  

Th e great extent a n d  depth of g l aci a l  ice wh ich l ay upon th e H igh Cascades of Oregon dur i ng  th e 
P l e i stocene have not been stressed i n  geo logic l i terature . I n  the centra l Cascades, three epi sodes of g l a­
ciati on are easi l y  recogn i zed . Th e most recent ep isode i s  represented by  fresh morai ne and  outwash be­
tween 7000 and 9000 feet e l evati on  on h i gh peaks . Radi ocarbon ages of associ ated l avas and ash deposi ts 
i nd icate that these morai nes were formed l ess than 2500 years ago and shou l d  be referred to th e Neogl a­
ci a l  "Litt l e  I ce Age . "  A mi nor gl aci a l  advance near the end of the l ast century s l i gh t l y  reworked some 
of the "Li tt l e  I ce Age" morai nes. 

The next o l dest g l aci a l  stage ended 1 0 , 000 to 1 2, 000 years ago and i s  h ere referred to th e l atest 
Wi sconsi n .  Duri ng th i s  ti me , a broad ice fi e l d accumu l ated i n  the H igh Cascades . I t  surrou nded th e 
ma jor peaks , bur ied a l l but the h i ghest summit r idges , and fed nu merous gl aci ers , some of wh i ch were 1 9  
mi l es l ong . Ne i ther the i ce fi e l d  nor i ts sate l l i te gl aci ers extended beyond th e H igh Cascade p l atform; 
in the centra l Cascades few of these g l aci ers exi s ted be l ow 3600 feet e l evati o n . 

The o l dest g l aci a l  events are co l l ecti ve ly  referred to as "pre- l atest Wi sconsi n . "  Th ey are recorded 
i n  deep l y  weath ered and poor l y  preserved l a teral and grou nd morai nes, far removed from th e Cascade 
Crest . These deposi ts l ack the andesi t ic and rhyo l i ti c  rock types wh i ch are common in the summ i t  peaks 
and in the l atest W i scons i n mora i nes . 

Products of Recent and near-Recent vo l cani sm are wi despread i n  the centra l part of the H igh Cas­
cades . North of th e Three S i sters , Recent  l avas and ci nder cones are ch i ef ly  basa l tic ,  a l though some are 
transi t iona l to andesi tes . Acti v i ty was part icu l ar l y  i n tense dur i ng  a 2500-year i n terva l , begi nn i ng 4000 
years ago . South of th e Three Si sters , most of the Recent  basa l t  was eru pted pri or to 6000 years ago and 
was fo l l owed more than 2000 years ago by erupt ions of rhyo l i te .  In  addi ti on  to these maj or events ,  ba­
sa l t i c  l avas and cones appeared in a sporadi c  and d i scont i nuous manner throughou t Recent  ti me,  both north 
and south of the Three Si sters . I n  fact , the record of Recent  vo lcan i c  acti v i ty ,  now supported by 1 5  ra­
diocarbon ages and much stratigraph i c  data , merges i mpercepti b l y  i n to that of th e l atest Wi scons i n and 
th ence i n to the per i od of andes i ti c vo l cani sm . 

How to use th i s  road gu i de 

The C l ear Lake ( 1 26} ,  Santi am Pass (20} , and McKenz i e  Pass (242) H i ghways prov i de a c l osed 
ci rcu i t  th rough one of Orego n ' s  most scen ic  vo l can ic  areas (see i ndex map} . Th i s  road gu i de fo l l ows a 
cou nter-c l ockwi se rou te, 85 mi l es i n  l ength . Al l ch eckpoi nt mi l eages are under l i ned and express cumu ­
l ati ve di stance from th e j uncti on  of H ighways 20 and 1 26 ,  wh i ch i s  a p l ace of begi n n i ng  most access i b l e  
from both east and west o f  the Cascades . I n teri m  mi l eages are given i n  parentheses; consequentl y ,  any 
poi n t  of begi n n i ng can be adopted . 

Th i s  accou nt is i ntended to be of serv ice to the touri ng pub l i c  as we l l  as to th e profess iona l  geo l o­
gist . Petrograph i c  and geochemica l  data are not extens ive l y  ci ted; h owever , a few tech nica l  terms are 
emp l oyed to make bri ef descri pt ions more preci se and to avoi d  undue repeti ti o n  of exp l anatory mater i a l . 
These terms are di scussed i n  an appended g l ossary . 
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SANTIAM-McKENZIE PASS FIELD TRIP 7 

ROAD LOG :  SANT IAM AND Mc K E NZI E C I RC U I T  

!start: Junction of H ighways 20 and 1 26; Map No . 1 .1 
I t  i s  probab l e ,  by extensi on from nearby outcrops , that the j uncti on area i s  under l ai n  
by coarse -grai ned d i ktytaxi t i c  basa l t  wh i ch marks th e base of the H igh Cascade se­
q uence . In the h i l l s immediate l y  west ,  th i s  i s  over l a i n  by gray , fi ne-gra ined basa l t . 
Both u n i ts were overr i dden by pre- l atest W i sconsi n g l ac i a l  i ce; l ong roadcut west of 
the j u nct ion exposes outwash depos i ts . The H i gh -Western Cascade bou ndary l i es 2 . 5  
mi l es west . 

The j u nct ion area has been i nvaded by Recent basa l t  f lows on three separate occasi ons: 
3800 years ago from a group of cones between Nash Crater and Sand Mountai n ( l ava 
exposed on f l oor of Lava Lake , 0 . 5 m i l es north ) ,  subsequent ly  from a buri ed vent of 
Nash Crater ( l ava surrou nding the j unct ion) , and fi na l l y  from exposed vents at th e 
northwest base of Nash Crater ( l ava front  abou t 200 feet south of the j u nct ion) . Each 
of these un i ts di ffers from the others in surface features, roc k texture ,  and composi t ion . 

0 . 1 Con tac t between Lava Lake F l ow (second f l ow at j u nc tion)  and F i sh Lake F l ow (th ird 
(0.6)  f low at j u nc t ion )  passes beneath h i ghway at th i s  poi n t .  F i sh Lake F l ow from Nash 

Crater turned h ere and moved sou th for 1 . 5 m i l es .  Moun ta i n peaks v i s i b l e  from th i s  
sec tion o f  h i ghway are , from north to sou th , J efferson , Three F i ngered J ack ,  Sand 
Mou nta i n  Cones , Mount Wash i ngton ,  and Three S i sters . 

0 .  7 Roadcu ts west expose basa l t i c  ash der i ved for the most part , between 3800 and 3000 
(0.7) years ago from ear l y  cones north and sou th of Sand Mountai n .  S l i gh t l y  more s i l i c eous 

contr i buti ons to th e ash deposi ts came from North Sand Moun tai n about  3000 years ago . 
H ighway passes onto F i sh Lake F l ow 0.2 mi l es ahead . 

1 . 4 Road west to F i sh Lake Campground . F i sh Lake i s  dry th roughout the summer , but th i s  
(0 . 4) was apparent l y  not so up to the turn of th e l ast century . The F ish Lake F l ow does not 

actua l l y  extend to the l ake shore . Th e l ake basi n was formed 3800 years ago when l ava 
from vents to the east b l ocked H ack l eman Cree k .  Th i s  l ava f l ow is seen on the east 
shore and on both s i des of th e h i ghway south east of th e l ake . 

1 . 8 Obscure track on l ava to th e east i s  th e O l d  Santi am To l l  Road . I t  was bui l t  i n  1 866 
(0 . 1 ) and was one of the fi rst extens ive ly  used l i n ks between c entra l Oregon and the Wi l l am ­

ette Val l ey .  A grave marker , 0 . 5  mi l es to the northwest,  records th e m i sfortu ne of 
wagoneers,  caugh t  in the fi rst snows of w in ter . Surface of the l ava a long th i s  sec ti on 
is  u nusua l l y  smooth , i ndi cati ng h i gh f l u i d i ty before so l i d i fi cation . Severa l hor izonta l  
and verti ca l  tree mo l ds are fou nd h ere,  one 5 feet i n  d iameter . Ash deposi ts occur upon 
th i s  l ava, bu t not beneath i t .  

1 .  9 F ish Lake Creek channe l . The channe l  fo l l ows the contact between Recent l ava and 
(0 . 6) H igh Cascade fi ne-gra i ned basa l t . The creek runs fu l l  on l y  i n  wi nter and soaks i nto 

l ava f l ows 0 . 5  m i l es downstream .  

2 . 5  l ken i c k  Cree k .  F i ne-grai ned basa l t  bedrock wh i c h  i s  exposed o n  h i l l si des to the north 
(0 . 4) and sou th , i s  here obscured by a l l u vi u m  and vo l can ic  ash . 
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Mi l eage 
2.9 Road cuts expose severa l f l ows of H igh Cascade fi ne-grai ned basa l t , separated by 

(0.7) f low brecc i as and sedi mentary i nterbeds . 

3.6 Road l eft to Clear Lake: recommended s i de tr i p .  C l ear Lake is 1 . 5 mi l es l ong and 
(0.5) more than 1 00 feet deep i n  p l aces . It is fed , i n  par t  by l ken i c k  Creek, bu t c h i ef ly from 

l arge spri ngs a l ong the north and east shores . It is drai ned at the south  end by the Mc­
Kenzi e Ri ver . The l ake occup ies the bed of an ancestra l u pper McKenzi e ,  whose wa­
tershed extended from Tombstone Pass on the west to Pyrami d Mou ntai n on the north and 
from Th ree F i ngered J ack  on th e north east to Mou n t  Wash i ngton on the east . Lava h as 
bur i ed so many of the o l d  r i ver ch anne l s th at much of th i s  area i s  now drai ned by under­
grou nd streams . 

C l ear Lake was formed beh i nd a dam of I ava wh i ch i ssued from a c i nder cone sou th of 
Sand Mou nta i n  and wh i ch poured across the McKenzi e  R i ver . Lava on the east shore 
is younger and came from a d i fferent source . R i s i ng l ake waters i nundated a standi ng 
forest; several  dozen snags are sti II rooted on the l ake f loe>r . Wood samp l es from th e 
i nteri ors of some of th ese drowned snags have been i den ti fi ed as Doug las fi r and are as 
sou nd as any modern coun terpart . Wood from the snags and charcoa l from beneath the 
east shore l avas both possess a rad iocarbon age of about 3000 years . 

4. 1 Broad mounta i n  vis i b l e  on th e sou theastern hor izon i s  Scott Moun tai n ,  a g l ac i ated H igh 
(0 . 4) Cascade shi e l d  vo l cano composed of gray , fi ne-grai ned basa l t  and cap;Jed by a sma l l ,  

much eroded ci nder cone . 

4.5 Bri dge over McKenzi e River . Upstream from the bri dge , the r iver fo l lows an arti fi c i a l  
(0.6) channe l  carved i nto ,;,e same Recent l ava wh i ch dammed C l ear Lake . A dark , hori zon ­

tal band of dense rock marks th e once- 1  i q ui d i n teri or of one f l ow ,  bounded above and 
be low by layers of scori aceous rubb l e .  Roadcu ts ahead demonstrate that a l ava f low 
can move even when composed ch i ef l y  of broken fragments . 

5 . 1 Saha l i e  Fa l l s  parki ng area . Th e l ava fl ow of th e C l ear Lake dam ch i l l ed to a ha l t  j ust 
(0.3) be low here . After re-estab l i sh i ng i ts channe l  on top of the f l ow ,  th e McKenzi e  Ri ver 

carved an amph i th eater i n to the l ava margi n .  In the course of geo l ogi c ti me,  processes 
l i ke th ese excavate canyons and destroy l akes . 

5.4 At th i s  po i nt th e h i ghway crosses over a segment of th e C l ear Lake Dam F l ow wh i ch 
(O. 2) poured westward th rough a narrow gap between two l arge h i  l i s ,  1 00 yards east . Th e 

flow moved 0 . 2  mi l es farther downstream , where i t  now forms the l i p  of Koosah Fa l l s. 

5.6 F i rst  road r igh t  l eads to Koosah Fa l l s  and campground . Second road r igh t l eads to Car-
(0 . 4) men Reservo i r ,  from wh i ch a par t of th e McKenzi e Ri ver i s  di verted two mi l es sou th ­

west through a tunne l  to the Sm i th Ri ver . C l i ffs at the h ead of the reservo i r  are di kty­
taxi ti c ,  coarse-grai ned H igh Cascade basa l t .  

6 . 0  Ta l u s  and c l i ffs on the ri dge i mmed iate ly  east are par t of th e basa l , coarse-gra i ned H igh 
(0 . 3) Cascade un i t ,  bu t not a l l fl ows here and i n  th e roadcuts ah ead are d i ktytax i t i c . 

6 . 3  Road cuts revea l the th i n ,  i rregular charac ter of basa l t  f l ows i n  th e basa l H igh Cascade 

6 . 7  

(0 .4) sequence . Rocks here are on l y  sparsely porphyri t ic; f lows h i gher i n  the ri dge possess a 
coarse , f l uxi on -or i en ted , d i ktytax i t i c  textu re . A long the uppermost surface of these 
road cu ts ,  streamers of yell ow pumice can be seen in the ta l us . Th i s  is vo l can ic  ash 
from Mou nt  Mazama (Crater Lake) , wh i ch  dri fted over th e area some 6600 years ago . 

North edge of Recent lava f l ows from Be l knap Crater (wh ich i s  l ocated 8 m i l es to th e 
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North and South Sand Mountoi n Cones viewed from the northwest: 
Basaltic ash fallout from these cones covered on area of approximately 150 square 

miles. Source vents at the bose of the cones gave rise to surrounding fields of basaltic lava. 
(Oregon Deportment of Geology and Mineral !Industries photograph 67-296) 

Clear Lake viewed from the southwest: 
Lava flows dammed the upper McKenzie River approximately 3000 years ago. Rising 

lake water inundated and preserved a forest which still stands, bore of limbs, in the depths 
of the lake. (Oregon Department of Geology and Mineral Industries photograph 67-297) 

9 
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{0 . 2) sou theast) . This low-level topograph i c  gap carr i ed th e ent ire western disch arge of 
melt water from th e sh eet of la test Wisconsin i ce between Mou nt Wash i ngton and Sco tt 
Mou ntai n .  The i ncised canyon to the west con tai ned an even larger ri ver , because i t  
received melt water from th e upper McKenz i e  watershed . 

{0 . 5) 

{0 . 6) 

{0 . 2) 

(0 . 2) 

(0 . 5) 

Flows from volcanoes sou th of Sand Mou ntai n approached this gap bu t were covered 
1 500 years ago by Belknap lava . Th e Belknap flows poured i n  a doub l e  cascade down 
the cl i ffs to th e west and spread ou t upon th e floor of th e canyon . A swampy area 
known as Beaver Marsh developed upstream; near th e terminus , 2 m i les downstream , 
Tamolitch Falls spi l l ed over the l ava margi n .  

Sou th edge of Belknap fl ows . Road cu ts i mmed i ate ly  ah ead expose fi ne -grained High 
Cascade basalt which over l i es a d i ktytax i tic sequence in th e canyon wal ls to the west . 

Sma ll  roadcu ts in glacial a l l uvi um which is probably of pre- l a test Wisconsi n age . 

Kink Creek logging road: l eft . Fine-grained basa l t  i n  the h i llsi de east rests upon a 
coarse -grained diktytaxitic sequence in the canyon walls to the west . 

From this poi nt south , th e highway fol lows th e crest of a ri dge between McKenzi e Ri ver 
and Kink Creek, down to th e f l oor of the canyon . Th e ri dge is composed of many thin 
layers of diktytaxitic basalt and i s  capped by deeply weath ered glacia l alluvi u m .  

Road righ t to Tamoli tch Fa l ls overloo k .  Before hydroelectr ic  projects were completed ,  
the waterfall plunged into a l arge spr i ng-fed lagoon of u nusual depth and  c l ari ty .  
Erosional rem nant of Bel knap lava forms a terrace o n  the far s ide of the r iver . 

8.9 (0 . 2) !Bou ndary between Maps No . 1 and No . 2 .1 
9 . 1  (0. 4) Long road cuts in many thin flows of d i ktytaxitic basalt . 

9 . 5 Highway fill over valley of Ki nk  Creek . Diktytaxi tic basa l t  crops out  on  h i llside  to 
(O. 3) the sou theast . 

9.8 Long road cu t on l eft leads down to floor of McKenzie Canyon . At north end of cu t ,  
(0.3) glacial alluvium; at south end, fla t-lying d i ktytaxi tic basa l t  f lows w i th a conform­

able, thin-layered in terbed of sand and silt . In th e middle of th e cu t, the glacial 
alluvium shows scour-and-fi l l  structure and rests in ch annels wh ich were carved i n to 
the lava and th e interbed. 

10 . 1 Alluvial f l oor of upper McKenzie Valley . Recen t and late P l e i stocene deposi ts of 
(0 . 4) gravel and sand cover most of th e valley fl oor from here to the Willamette Ri ver . 

10.5 C l iffs to the left are par t of the diktytax i ti c  sequence but are here relatively fine-
(0 . 2) grai ned because lava poured over wet ground and coo l ing was rapi d. Many of th e flows 

are pillowed and are separated by sandy interbeds . As witnessed by severa l spri ngs i n  
the face o f  th e road cu t, this type of lava i s  often a very permeable aquifer . At th e 
west end of the road cu t, pi II owed lavas rest u nconformably upon relative l y  i mperme­
able tu ffs, sands, grave l s, and basalts wh ich are part of th e Western Cascades . Across 
the McKenzie R iver is a power-generati ng facility which utili zes wa ter conducted near­
ly 2 miles th rough a ridge from Smith Reservoir . C l iffs behind th e generators are com­
posed of inc l i ned Western Cascade basalt flows and breccias . 

10 . 7  Road righ t to hydroelectr ic  fac ili ties, Tra ilbr idge Reservoir Campgrou nd , and Smith 
{0 . 4) Reservoir . 
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Left of highway is an inclined flow of columnar-jointed Western Cascade basalt. There 
{0.1) are several northwest-southeast normal faults in this area which have broken the West­

ern Cascade rocks into a set of earth-blocks inclined 10° to 25° down to the northeast. 

11.2 Trailbridge Reservoir visitor information display and parking area: recommended stop. 

{0.3) In the adjacent road cut is one of the most peculiar rocks in the Western Cascade se­
quence. Space limitations permit only a summary of significant features: A dense 
black layer consisting of devitrified glass, plagioclase microlites {oriented by flowage) , 
and phenocrysts of bytownite {An 86) and olivine {Fo 85), grades imperceptibly down­
ward into a reddish, minutely vesicular, porous base, resting with sharp contact upon 
layered volcanic detritus and basaltic lava. The same black layer grades upward into 
a porous crust which is in contact with a thick mudflow-like overburden. The black 
interior extends irregular apophyses into the layer above. Angular, unsorted fragments 
of volcanic rocks {some of which do not crop out in this area) are abundant in the black 
zone with increased concentration downward. In some outcrops, all attempts to find a 
discontinuity between the dense black zone and underlying thin-bedded sediments have 
failed. In such instances, the red porous zone and the underlying strata are both rich 
in chabazite. The black matrix and the reddish crusts possess the same basaltic {Si02 
50%) composition. 

The highway outcrop is cut by at least five faults and the inclination of the rocks is 
correspondingly variable. However, the same layers are exposed in the hills west and 
northwest, and the regional dip is ]5° N E .  This is, in fact, a very distinctive marker 
horizon and it has been traced, without notable change in features, for 7 miles north 
and south along the Western Cascade foothills. 

It is the writer's opinion that these layers were all formed during the same eruptive 
episode and that the nonstratified components moved as a molten froth of inclusion­
and gas-charged basalt. Formation of thick, porous crusts served to insulate a hot, 
liquid interior through which inclusions settled and from which gas escaped. Much, 
however, remains to be I earned. 

11.5 {0.4) Road right to Trailbridge Dam. 

11.9 {0.3) Road right to fish ladder facilities. 

12.2 Anderson Creek. Forested slope immediately east of the highway is the margin of a 
{0.3) basaltic lava flow of pre-latest Wisconsin age. The flow can be traced uphill to the 

east for 4 miles. At higher elevations, only isolated remnants of the Anderson Creek 
Flow have survived glaciation. 

12.5 Ollalie Creek logging road: left. Lava levees and other features of the Anderson 
{O.l) Creek Flow are easily seen from this road. 

12.6 Ollalie Creek. This stream emerges through large springs from beneath the Anderson 
{0.2) Creek Flow. 

12.8 {0.1) Road right to Ollalie Campground. 

12.9 Terminus of Anderson Creek Flow just east of highway. The clearing south of the ter-
(1.4) minus is a pit excavated in valley alluvium. In the hills to the southeast, diktytaxitic 

basalt rests with great erosional unconformity upon altered Western Cascade basalts. 
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Cliff on the opposite side of the river is an erosional remnant of the same High Cascade 
(0. 2) diktytaxitic basalts that are exposed in the road cut just left of the highway. 

(0.2) Deer Creek logging road: right. 

Boulder Creek logging road: left. About 1 mile up this raad,cuts expose diktytaxitic 
(0. 6) basalt flaws resting upan inclined Western Cascade sediments and lavas. Road cuts 1 

mile farther reveal fine-grained High Cascade basalt overlying the diktytaxitic variety. 

(0.1) Western Cascade basalt in cliffs just left of highway. 

Long series of road cuts in Western Cascade basalt flows, interbeds, and breccias. A 
(0.9) northeast-trending dike, about 2 feet wide, is exposed near the south end of the cuts. 

Ancient stream channel in Western Cascade rocks is represented by the gravel beds in 
(0.8) this road cut. The gravel rests upon "garden variety" Western Cascade basalt at the 

north end af the cut and upon a highly porphyritic basalt at the south end. The porphy­
ritic basalt occurs in the gravels and in the cliffs west of the McKenzie River. Above 
the gravels, a section of flat-lying beds of tuffaceous sand is overlain by a thick flow of 
columnar-jointed Western Cascade basalt. Still higher to the east is the High Cascade 
boundary, represented by diktytaxitic basalt. 

(0.1) Frissell logging road: right. 

Scott Creek logging road: left. A side trip, 2 miles up this road, will reveal an unu-
(0.5) sua I aspect of the High-Western Cascade boundary. Below the boundary is a complex 

assemblage of non-porphyritic, platy basalts, porphyritic massive basalts, breccias, and 
interbeds which are cut in many places by east-west normal faults and are generally 
inclined to the south. Above the boundary is a remarkable section of basal tic pi I lows, 
dikes, flows, and palagonitic tuffs which is a facies of the diktytaxitic sequence. 

(0.5) 

(0. 2) 

(0.3) 

Early High Cascade lavas must have blocked major streams in this area, forming exten­
sive lakes and swamps. Succeeding lava flows poured into the lakes and were converted, 
through reaction with the water, into an intimate mixture of pillows and altered glass 
shards. One dike, now exposed in a road cut, appears to have discharged basalt pi 1-
lows into and on top of the wet tuffaceous sediments. Lakes were occasionally filled in 
this manner and were then covered over by ordinary diktytaxitic lava flows. 

During a period of quiescence, additional palagonitic material and volcanic ash were 
washed into the area, burying the pillow lavas beneath several hundred feet of bedded 
sand, silt, and mud. Still later, streams carved valleys into the sediments and more 
diktytaxitic lava flows appeared. A cross section through one of these flows is exposed 
about 1.5 miles up Scott Creek road. Where it filled an ancient valley, the flow is 
more than 80 feet thick and displays columnar joints and spiracles in its basal part. 

Scott Creek. Near this point is the west end of the Scott Trail, established over the 
McKenzie Divide in 1862. 

Rimrock cliff across the river is a fine-grained basalt flow, resting upon a diktytaxitic 
basalt section. Both units are erosional remnants of the High Cascade sequence and 
have exact counterparts in cliffs to the southeast. 

Old section of highway: right (now closed) . This point marks the beginning of an ex­
tensive, hummocky, poorly drained portion of the valley floor which is covered by 
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I atest Wisconsin terminal moraines. 

18. 7 First road left is Cupola logging road. Cuts along this road expase the same Western 
(0. 4} Cascade rock types and High Cascade diktytaxitic sequence as is seen on the Scott Creek 

road. However, the pillow lava and palagonitic tuff facies is not as extensive; it mer­
ges into interbeds of river gravel which can be traced southeastward for 3 miles between 
lava flows. 

Second road left leads to Highway 242; stay on Highway 126. 

Road right leads to Belknap Hot Springs. The springs emerge from a Western Cascade 
breccia layer on the north bank of the McKenzie River. 

19. 1 Lost Creek. This stream drains the west slopes of North and Middle Sisters. Most of its 
(0. 6} journey is underground, beneath Recent lava. 

19. 7 Junction of Highways 126 and 242. Road cuts west and east slice through terminal mo-
(0. 6} raines emplaced by a latest Wisconsin glacier. Boulders of andesite, rhyolitic obsidian, 

and other rock types from the Middle Sister are found in these moraines. The glacier 
issued from Lost Creek Canyon to the southeast and nearly blocked the McKenzie drain­
age. The McKenzie River was displaced to the north side of the valley but was appar­
ently able to maintain its channel; no evidence of a related backfill has been found 
upstream. 

Turn south onto McKenzie Pass Highway (242). This highway is closed during the win­
ter; inquiry can be made at McKenzie Bridge Ranger Station, 2 miles west on 126. 

20.3 Cliffs on hill to east contain many thin flows of High Cascade diktytaxitic basalt sur-
(0.1} mounted by a massive rimrock of fine-grained, non-porphyritic basalt. The diktytax­

itic units accumulated to an aggregate thickness of approximately 1500 feet in this area 
and can be traced west in a broad medial ridge, 5 miles down the McKenzie Valley. 
Erosional remnants occur along the sides of the valley, downstream for an addi tiona I 4 
miles. 

20. 4 (0. 2} Road left to Highway 126. 

20.6 
(0.3} 

20. 9 
(0. 2) 

21. 1 
(0.6} 

21.7 
(0.3} 

22. 0 
(0. 4) 

Road cuts in glacial alluvium. This is typical of the floor of Lost Creek Canyon, ex­
cept where it is covered by Recent lava. 

Logging road: right. Clear-cuts on this part of the valley floor are often frequented 
by collectors in search of obsidian boulders. 

Road to Limberlost Campground: left. The rim of the north canyon wall supports latest 
Wisconsin lateral moraines. The glaciers must, therefore, have been at least 1000 feet 
thick, 1 mile from the terminal moraines. 

Highway crosses onto Recent basalt lava flow which came from Sims Butte, 9 miles to 
the east. 

Road to quarries, clear cuts: left. Canyon walls to the south provide a cross section 
through an outlying Western Cascade foothi I I composed of several types of basalt and a 
thick welded-tuff unit. The entire complex was buried in a flood of thin diktytaxitic 
basalt flows. 



Mi l eage 
22 . 4  

23 . 3  

24 . 1  

24 . 2 

24 . 7  

25.8 

25 . 9  

26 . 1  

26 . 5  

27 . 3  

27 . 7  

SANTIAM-Mc KENZIE PAS S FIELD TRIP 15 

Seri es of sma l l road cu ts i n  the scoriaceous surface of Sims Butte l ava . A l l uvi a l  mate­
(0 . 9) r ia l  from the canyon wa l l s  has buried the l ava margins . Vi rgi n t i mber, unspoi l ed even 

by se l ec tive cu tti ng , can be seen i n  a few p l aces a l ong this sect ion of h ighway. 

Wh i te Branch Creek and view north to Cupo l a  Roc k. Both wa l l s of the canyon are com­
(0 .8 )  posed of di ktytaxi t ic  basa l t  f lows , separated by thin , bri ck-red , baked soi l hori zons . 

A l l of the fl ows are re l ati ve l y  coarse-grained aggregates of o l i vi n e  and augi te set i n  a 
porous matrix of tabu l ar p l agioc l ase crysta l s . 

Ta lus  apron at base of Cu po l a  Roc k .  Large b locks have fa l l en from the c l i ffs and have 
(0 . 1 )  come to rest far out on the Si ms Bu tte l ava f l ow . 

Logg ing road: righ t .  Duri ng th e l atest Wisconsin g l ac i ati on ,  the canyon at th is  poi nt 
(O . 5) was so fu l l  of i ce  that a sma l l  tongue overtopped the north r im  and deposi ted morai nes 

(wi th obsi di an bou l ders) 2 mi l es down an adj acent  va l l ey . 

( 1 . 1 )  Loggi ng road: r i gh t .  

H i ghway turns abrupt l y  to th e r i gh t . Just north o f  this point ,  a n  i nterbed of sand and 
(0 . 1 )  gravel wh i ch can be traced between d i ktytaxi t ic  f l ows to the west over l i es  a section of 

th i n -bedded tuffaceous si I t .  Dips are abou t 5° to th e  north east . This val ue is con­
firmed by i n terbeds e l sewhere in th e canyon wa l l s  and by a genera l eastward i nc l ination 
of the ent i re d i ktytaxi tic sequence . I t  may be i nferred that the H igh Cascade p latform 
has subsi ded somewhat ,  i n  response to i ts own wei ght . 

(0.2) View east to Three S isters vo lcanoes. 

Road to You th Camp: ri gh t .  The top of the diktytaxitic basa l t  sequence passes beneath 
(O .4) the canyon f l oor i n  th i s  area and presumab ly  extends much farther east; accidenta l 

b locks of d i ktytaxi ti c  basa l t  have been e j ec ted duri ng Recent erupti ons a long the H i gh 
Cascade crest. 

(0 . 8 ) 

(0 . 4) 

(0 . 1 )  

View east to Three S isters vo lcanoes . Low- leve l  c l i ffs l eft of highway are port of a 
thi c k  f l ow of nonporphyriti c ,  fi ne-grained basa l t  which loca l l y  over l ies the di ktytaxi t­
i c  sequenc e .  

Vi ew northeast to Deer Butte o n  north canyon wal l .  This is one of th e o l d  basa l tic  sh i e l d  
vol canoes o f  th e H i gh Cascade p l a tform . T he  centra l p l ug ,  together wi th sate l l i te dikes, 
outward l y  di pping l avas, and scoriaceous in terbeds ,  has been l ai d  bare by g l aci a l  erosion . 

F i rst ha i rpin curve . I n  th e forest to th e sou th l i es the terminus of a Rec ent basa l t i c  l ava 
f low from Co l l i er Cone ,  wh i ch is l ocated on the Cascade Crest ,  7 mi l es east . The Co l ­
l ier F l ow i s  l ess than 2500 years o l d  and rests upon th e l ava from Sims Bu tte . 

27 . 8  (0. 2) Vi ew northeast to Deer Butte . 

28 . 0  (0 . 3 ) Road cuts i n  th i n  scoriaceous basa l t  f l ows from Si ms Butte . 

28 . 3  (0.3) H i gh -standi ng marg i n  of Co l l ier F l ow abu ts h i ghway o n  the right . 

28 . 6  Parking area and trai l to Pyroxy Fa l l s .  Many waterfa l l s  spi l l  dow n the sou th face o f  the 
(0. 1 ) canyon; some are fed by spr i ngs from i n terbeds i n  the c l i ffs , but the mai n  fal l s  i s  that 

of Pyroxy Creek , wh i ch dra i ns a hangi ng vo l l ey . The trai l to the fa l l s crosses two f low 
uni ts of Co l l ier l ava whose chemi ca l  and minera l og ica l  composi ti ons ore marked l y  diff­
eren t .  
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Best view north to Deer Butte and associ a ted rocks. Most road cuts for the next 6 miles 
(0.5) will be in Sims Butte lava. 

Large block of coarse-grained basalt just right of the highway tumbled onto the canyon 
(0.9) floor from the Deer Butte plug. 

(0. l) Alder Springs Campground: right. Trai I to Linton Lake. 

(0.5) !Alder Springs: left. Boundary between Maps No. 2 and No. 3.1 
30.7 Hairpin curve with parking area; short-cut trail to Linton Lake: right. 

(0.8) At the head of Lost Creek Canyon, Linton Creek pours over a series of Husband Vol­
cano lava flows, producing the largest and most spectacular waterfalls in the Three 
Sisters area. Below the falls, lava from Collier Cone dammed the creek to form Linton 
Lake. 

The canyon has been blocked by lava flows and sculptured by ice on several occasions. 
Some of the first andesitic and basaltic lavas from Middle Sister vents moved 5 miles 
westward, filling a broad and deep U-shaped valley, just east and north of the modern 
Linton Lake. It is probable, therefore, that an ancestral Lost Creek Canyon was formed 
by pre-latest Wisconsin glaciers long before the Middle or South Sisters came into exist­
ence. 

31.5 Clear area through trees: left. This is one of several outcrops along the canyon walls 
(0.5) which consist of massive, coarse-grained basalt stained brown by deuteric alteration of 

olivine. Such rocks are of common occurrence in Cascade plugs, but here they were 
probably formed during slow cooling in exceptionally thick lava flows. 

32.0 (0.5) Highway turns abruptly left; margin of Collier Flow can be seen through trees on right. 

32.5 The next mile of road cuts presents a seemingly endless succession of thin, slaggy basalt 
(1 .3) flows which issued from the Sims Butte vents and poured down the head of Lost Creek 

Canyon. Occasional views of the lower canyon, The Husband, and South Sister are 
encountered. 

33.8 Roadside parking area. Coarse yellow cinders, ejected from Sims Butte, can be seen in 
(0.4) several road cutsfor the next mile. Ahead on the right is the margin of the Collier Flow. 

34.2 Central crest of the most recent lava flow from Sims Butte. The main vent is 3000 feet 

34.4 

34.8 

35. 2 

(0 . 2) east of this point, at the west base of the cone; other lava vents, now obscured, were 
located at the north and south bases. Most of the cinders and ashes drifted east while 
the lava moved west. 

(0.4) 

(0.4) 

(0.4) 

Flat alluvial fill for the next 0.4 miles. The alluvium is mostly reworked ash and fine 
cinders, deposited in a depression along the north margin of the Sims Butte lava. 

Road cuts in glaciated basalt. Vast areas on the High Cascade platform are underlain 
by this variety of fine-grained, light-colored rock. Mount Washington in view ahead. 

Road to Frog Camp and trails to higher elevations: right. The Frog Camp area is bor­
dered on the south by an ash-covered lobe of Sims Butte lava and on the east by cliffs 
of glaciated basalt. In the base of the cliffs is a pillowed lava from which springs 
emerge. 
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Three Sisters viewpoint and parking area: Sims Butte, south; Three Sisters, east. 
(0 . 2) The North Sister is a glacially dissected remnant of a large summit cone which was built 

upon a broad shield volcano. The lava cliffs just east of Frog Camp are a western ex­
tension of that shield. The summit cone is made up of thin flows, interbeds of oxidized 
ejecta, dozens of radial dikes, and a central plug mass, all of uniform basaltic compo­
sition. 

Middle and South Sisters, on the other hand, have not been as extensively eroded, do 
not rest on shield volcanoes, and are not monotonous in composition. Rhyolites, ande­
sites, and basalts of the Middle and South Sisters are so distinctive and variable that 
the author has been able to trace the distribution of 26 different rock types, and more 
will undoubtedly come to light with additional study. From this vantage point, one 
variety of rhyolite can be seen as a series of broad cliffs at the west base of the Middle 
Sister. It is a nonporphyritic obsidian whose silica content (approximately 75%) may 
be higher than that of any other rock in the Oregon Cascades. 

35 . 8  Road to Scott and Melakwa lakes: left. Scott lake is one of many shallow, glaciated 
(0 .6 )  depressions in lake Valley, an area of  low relief between Sims Butte and Hand lake. 

latest Wisconsin glaciers moved generally south over this valley, but on their way to 
the head of lost Creek Canyon, several small lobes of ice branched off through low di­
vides to the west. The depression occupied by lake Melakwa was excavated by one 
of these lobes. Most of lake Valley is covered with reworked deposits of volcanic ash 
from Sims Butte, Belknap Crater, and Mount Mazama. 

36 . 4  First of many road cuts which, over the next 1 3  miles, contain layers of fine basaltic 
(0 . 4) ash derived from Belknap Crater. 

36 . 8  Trail to Hand lake: left. Fragments of gray obsidian are abundant in the surficial de-
( 1 . 2) posits of this area and were transported by glaciers from a small plug dome 2 miles east. 

38 . 0  (0 . 2) View of Belknap Crater to the north. 

38 . 2  View of Twin Craters cinder cone to the west. Highw,ay follows the margin of basaltic 
(0 . 3) lava which was erupted from vents close to South Belknap Cone, approximately 1 800 

years ago. 

38 . 5  For the next 0 . 6  miles, the highway crosses a flat alluvial fill which has been deposited 
(0 . 6) against the margin of South Belknap lava. A lava flow from Four-in-One Cone moved 

down an old stream bed approximately 2600 years ago and came to a halt 1 000 feet 
southeast of here. 

39 . 1 (0 . 5) West lava Campground: left. 

39 . 6  Craig Memorial and parking area. Inscription on tomb: " In honor of John Templeton 
(0 . 1 )  Craig (March 1 82 1  - December 1 877 ) -Pioneer mail carrier over the wagon road he 

himself located and built where the present highway runs. He perished in a little log 
cabin near this point from exposure in a terrific storm while attempting to carry mail 
over this route." 

39 . 7  Craig lake: right. From the roadway, glacial striations can be seen trending N. 45°W . . 
(0 . 1 ) over light-colored basalt of the Cascade platform. Approximately 8 inches of basaltic 

ash from Belknap vents was deposited in this area and was subsequently buried by lava 
flows. The dark ash is easily recognized in the uppermost section of road cuts and at 
the base of I ava margins. 
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Collier Cone at the north base of North Sister: 
The h istory of Collier Cone is unusual l y  complex. Culminating eruptions occurred 

somewhat less than 2500 years ago, at which time so much lava surged from the vent that 
old channels (left foreground} were flooded and bypassed (flows center and far left}. Lava 
composition changed continuously during the eruption. (Oregon Department of Geology 
and Mineral I ndustries photograph 67-288} 

Four-in-One Cone viewed from the south: 
Basa I tic cinders and ashes were ejected from this a I i gnment of cones 2600 years ago. 

Shortly thereafter, the cones were breached by streams of lava. In the photograph , ash de­
posits ore seen to the right of Four-in-One Cone and lava to the left. (Oregon Department 
of Geology and Mineral Industries photograph 67-292} 
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Mi l eage 
39. 8 (0. 2) Road to Huck l eberry Lake : abrupt ri gh t . 

40. 0 H i ghway ascends onto surface of l ava wh ich  i ssued from concea l ed vents at th e sou th-
(0. 4) east base of Be l knap Crater. Term i nus of a west l obe of lava from Yapoah Cone can be 

seen abou t 200 yards to the r igh t ,  wh ere i t  chi l l ed agai nst the Be l knap f lows . 

40. 4 Park ing area: r igh t .  Four-in-One Cone i s  v i s i b l e  to th e south . Yapoah f low i s  on l y  
(0 . 3) 50 yards from th e h i ghway at th i s  poi n t .  Sma l l steptoe of g l ac i ated basa l t  stands i n  the 

Bel knap l ava fi e l d  0. 2 mi l es northwest .  

40. 7 H ighway crosses sou thwest margi n of a narrow, sou thern tongue of l ava from Li tt l e  

40. 9 

41. 0 

41. 2 

(0. 2) Bel knap. To ta l th i ckness of Be l knap ash i n  th i s  area is about  2 feet. Most of th e ash 
l i es bur ied beneath the earl i er f lows from Be l knap Crater bu t approxi mate ly  1 i nch  
was deposi ted u pon th e i r  upper surfac es . No  ash i s  found on Li tt l e  Bel knap o r  South 
Be l knap l avas , except i n  c l ose proxi m i ty to the mai n summi t cone. 

(O. 1) 

(0. 2) 

(0. 1) 

Crest of Li tt l e  Bel knap l ava tongue . In spi te of i ts fresh appearance ,  l ava from Li tt l e  
Bel knap i s  approxi mate ly  2900 years o l d ,  and predates l ava from Sou th Be l knap by 
some 11 00 years . 

Northeast margi n of Li tt l e  Be l knap l ava tongue . H ighway once aga i n crosses onto o ld­
er l ova from Be l knap summi t cone and basa l t i c  osh can be found  wi th i n  the surface 
mater i a l .  

Parking orea: l eft. Is l and  of g l ac i ated basa l t  surrou nded by  l ava fl ows from Be l knap 
summi t ,  Li tt l e  Be l knap , ond Yopoah Cone . Ash deposi ts are approx i mate ly  3 fee t th i ck  
ond  conta i n  th i n  beds of  coarse c i nders. An  u nusua l l y  wel l -preserved and  i nc l i ned tree 
mo l d  occurs in the l ava margi n ,  abou t 200 feet west of the parki ng oreo . 

41. 3 Sky l i ne  Trai l h ead: l eft . In a sharp curve to th e r igh t ,  the h i ghway ascends a Yopooh 
(0. 5) l ova margi n .  Th i s  f low, even i f  s l i gh t l y  forested , is you nger thon th e bare ond rough 

l ovo of Li t t l e  Be l knap wh i ch is i n  s igh t  to th e northwest . 

41.8 Dee Wrigh t  Observatory parki ng oreo: recommended stop . 

Azi muth 

(0 . 3) H i story. Th i s  port of the crest hos been u sed i n  Cascade passage for more th an 100 years . 
Ind i an tra i l s ,  s toc k dri veways, and a to l l  road preceded th e present h ighway. The ob­
servatory struc ture was bu i l t  in  1927 and nature tra i l s  were added in 1966. 

Vi ew from th e observatory. From the observatory roof th e fo l l owi ng l andmarks are seen , 
proceedi ng c l ockwi se from true north :  

(degrees) L A ND M A R K  

0 Mou n t  J efferson: Andesi ti c stratovo lcano . 

7 Cosh Mountai n :  Boso l t ,  g l ac i ated, c i nder cone remnant on summ i t ,  younger red cone on 
sou th s lope . 

11 Ba l d  Peter (for hor izon) . 

20 Dugout Butte (forested foregrou nd): G l ac i ated basa l t  fl ows of the H i gh Coscode p latform . 

30 Green R i dge (far horizon): Up l i fted fau l t  b l ock . 
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Azi mu th 
(degrees) 

40 B l ac k  Bu tte: 3000-foot basa l t i c  c i nder cone l ocated at south end of Green Ridge fau l t  zone . 
B l uegrass Bu tte (foreground): basa l t i c  c i nder cone ,  g lac i ated; r i dge east i s  a l atera l morai ne . 

82 B l oc k  Crater (fi l l s most of eastern sec tor): Pr e- l atest Wi sconsi n basa l t ic vo l cano. "Crater" 
is rea l l y  a g l ac i a l  c i rque open to th e north east. 

105 Unnamed Cascade su mmi t r i dge composed of basa l t i c  c i nders , bombs , and fl ows wh i ch i ssued 
to from a 5-mi l e  set of fi ssures and cones. Probab l y  was the si te of spec tacu lar lava fou ntai ns in 

155 pre- l atest Wi sconsi n ti me . 

1 68 North Sister (e l ev. 1 0, 085 feet): Basa l ti c  stratovo l cano rest i ng upon a broad sh i e l d  of s im i l ar 
composi t ion. Centra l p l ug mass exposed by l ong-conti nued g l ac i a l  erosi on. At base of North 
Si ster stand Yapoah Cone (left) and Co l l i er Cone (r igh t) . 

174 Midd l e  S i ster ( e l ev. 10, 047 feet): Rhyo l i te-andesi te-basa l t  stratovo l cano su pporti ng Co l l i er 
G l ac i er. You nger than North S i ster, bu t much eroded . 

1 78 Summit of L i tt l e  Brother wi th r idge west: Basa l t i c  stratovo lcano wi th exposed p l ug and d i kes . 
Sate l l i t i c  to North S i ster . 

188 Four-i n-One Cones (be l ow sky l i ne): Four basa l tic  cones breach ed on the west by l ava approx­
i mate l y  2600 years ago . Port of an a l i gnment of 1 9  vents. 

1 95 Huck l eberry Bu tte (forested ri dge): G l ac i ated basa l t  f l ows . 

1 97 Th e H usband (on sky l i n e ,  port ly  obscured): One of the most anc ient  and deep l y  eroded vol ­
canoes i n  th i s  regi on . Probab l y  the l argest p l ug mass i n  the Oregon Cascades . 

218 Condon Bu tte: Recent  basa l t i c  c i nder cone; no l avas; nested su mmi t craters. Knob v i s i b l e  at 
l eft base is an u n named , g l ac i ated obsi d ian  dome . 

235 Horsepasture Mountai n (far hori zon): Western Cascade peak . 

256 Scott Mountai n: Sma l l  summi t  cone surmounti ng a broad sh i e l d .  Both basa l t ,  both pre- la test 
Wi sconsi n. 

282 South Be l knap Cone: Cone was formed and breached l ong before surround i ng  I ovas were 
erupted . 

285 Unnamed twin  " i s l ands" (i n foreground l ava fi e l d): Both ore composed of g l ac i ated basa l t. 
and They probab ly  were never vo l canoes , but vo l c an i c  vents were nearby . 
306 

309 Be l knap Crater (summi t cone on sky l i ne): Foca l  po i n t  of a l ong-cont i n ued and comp l ex epi sode 
of Recent  vo l can i sm . The broad basa l ti c  sh i e l d  wh i ch fi l l s th e northwest vi ew is 5 mi l es i n  d i ­
ameter and i s  esti mated to b e  1 700 feet i n  maxi mum thic kness a n d  1 . 3 cub ic  mi l es i n  vo l ume . 
The  vol cano probab ly  contai ns a core of c i nders wh ich  i n terfi ngers wi th per i pheral l ava and 
whose surface express ion i s  th e summit  cone . 

The most recent erupt ions occurred at th e north and sou th bases of Be l knap Crater, approximate l y  
1 500 years ago. A t  th i s  ti me , l ava poured 1 2  mi l es to the west and ash was ej ected from th e 
north of two summi t craters. The great bu I k of Be l knap ash , wh i ch has been traced over an area 
exceedi ng 1 00 square mi l es ,  was ej ec ted ear l i er from a l arger south crater. 



Belknap Crater seen from Dee Wright Observatory: 
Belknap Crater (snow-covered skyline) is impressive in stature, but is only a pile 

of cinders on the summit of a vast shield of recent lava. Forests in background grow upon 
old Belknap lavas; trees in foreground stand upon young lava from Yapoah Cone.  Lava 
of intermediate age and position surrounds "islands" and issued from a subsidiary vent 
cal led Little Belknap. (Oregon State Highway Department photograph No. 423) 
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Lava from Little Belknap: 
Desolate fields of blocky lava (foreground} from Yapooh Cone, and hummocky lava 

(background} from Little Belknap, l i e  between Dee Wright Observatory and the volcanic 
plug of Mount Washington . The jagged features of the Belknap lava surfaces were formed 
2900 years ago . (Oregon State Highway Department photograph No .  427) 
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24 
Azi mu th 
(degrees) 

321  

340 

Mi l eage 
42 . 1  

42 . 4  

42 . 5  

44 . 0  

44 . 4  

45 . 1  

45 . 2  

46 . 5  

46 . 6  
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Li tt l e Be l knap: Basa l t i c  sh i e l d  subsi di ary to th e mai n Be l knap vo l cano; erup ted approxi mate l y  
2900 years ago • 

Mount  Wash i ngton :  Basa l t  p l ug mass wi th rad i a l  d i kes; surrounded by g lac ia ted remnants of a 
vo lcano wh i ch ,  i n  si ze , m igh t  once have r iva l ed th e North S ister . 

Lava trai I east of the observatory . Th e observatory i s  located on  the surface of a ba ­
sa l t i c  l ava f low whose erupt ion occurred between 2600 and 2900 years ago . The source  
was Yapoah Cone ,  3 . 2  mi l es south . An ear ly  stage i n  t he  deve lopment o f  the Yapoah 
F low was recorded by the broad lobe of l ava wh ich now extends northwest from th e ob­
servatory . Th i s  lobe formed the toe of th e mai n stream,  bu t as i t  advanced toward th e 
oppos i ng s lope of the Bel knap vo l cano , i ts movement was checked and arcuate pressure 
r idges appeared on i ts surfac e .  Subsequent  l ava was def l ec ted to the north and th e area 
j ust east of the observatory became the mai n channe l . 

The "Lava R i ver" nature trai l l eads from the observatory , east across the Yapoah mai n 
s tream . H ere th e v is i tor can see a smal l l ava tube whose roof has co l l apsed and a host 
of vert i ca l  crac ks wh i ch were produced i n  th e l ava by thermal  contract ion and l oss of 
gases j ust  pri or to fi na l  conso l i dation . On the east s i de of the mai n  chann e l  is an  i m ­
posi ng l evee . Th e v is i tor m igh t  we l l  i magi ne  the ch anne l  i n  fu l l  f l ood , r is i ng a t  l east 
as h igh as th e l evee crest and i n  favorab l e  l ocations spi l l i ng over the eastern f l an k .  
When  the supp ly  o f  l ava d im i n i sh ed , the mo l ten i nteri or dra i ned away and the channe l  
surface subsi ded . Lac ki ng suppor t ,  l arge segments of th e l evee ti pped toward th e cen­
tra l channe l , causi ng deep , i rregu l ar tensi on c rac ks to open in  the l evee crest . Th e 
tra i l affords a v i ew of one of these cracks and of severa l l ava tongues a l ong the east 
base of th e l evee . 

Road cuts i n  east l evee of Yapoah F l ow .  Severa l f l ow u n i ts can  be seen i n  wh ich  th i n  
(0 . 3) l enses of dense l ava are separated by th i c ker l ayers of porous f l ow brecc i a . 

(0 . 1 )  Road to Lava Camp Lake , campground , and Sky l i n e  Trai l head: r igh t . 

Sma l l road c u ts i n  g l ac ia ted fi ne-grai ned basa l t. Latest Wisconsi n g l ac i ers moved i n  a 
( 1  . 5) norther l y  d i rec t ion over th i s  area . 

(0 . 4) B l ack  vo l can ic  ash from Be l knap Crater i s  exposed i n  th e upper 2 to 3 feet of road cu ts .  

(0 . 7) Mount  Jefferson i n  vi ew to the north . 

Wi ndy Poi n t . G l ac iated promontory composed of fi ne-grai ned p l aty basa l t .  Th i s ,  to-
(0 . 1 )  geth er wi th i n terbeds of scor i a ,  i s  the basa l part of B l ac k  Crater vo l cano . Mou n t  

Wash i ngton on sky l i n e  northwest; from th i s  van tage poi n t  th e broad shi e l d  o n  wh i ch the 
summi t cone rests i s  easi l y  seen. B loc ky Yapoah l ava i n  i mmediate foreground . Farther 
northwest i s  the l ava fi e l d  of Li tt l e  Be l knap . J ust east of W i ndy Poi n t  and sou th of the 
Yapoah margi n ,  i s  ash -covered l ava from o l d  vents at Be l knap Crater . 

( 1 . 3) Trai l to B l ac k  Crater summi t :  r igh t .  

O n  lower l eft i s  sou th margi n o f  Be l knap l ava f lows . South of th i s  p�i n t  0 . 25 mi l es i s  
(0 . 1 )  the crest of a l atest Wisconsi n l atera l mora i ne wh ich trends east for 2 mi l es ,  para l l e l 

to the h i ghway . 

Vi ew of B l uegrass Butte, 1 mi l e  north . Th i s  bu tte i s  a basa l ti c  c i nder cone , essen ti a l l y  



Mi l eage 
SANTIAM-Mc KENZIE PASS FIELD TRIP 25 

(0 . 6) i denti ca l  to e thers between B l ack  Crater and B l ac k  Butte , except that  i t  was overri dden 
by l atest Wi sconsi n ice and a l atera l  morai ne extends east from i ts su mmi t .  

47. 2 (0 . 8) Road cu ts i n  Be l knap l ava f l ows: l eft . 

48. 0 (0 . 5) IBou ndary between Maps No . 3 and N o .  4 . 1 
48 . 5  (0 . 3) Road to Dugout Lake and termi nus of Be l knap l ava f l ows: l eft . 

48 . 8  Termi na l  mora i ne  deposi ted by the same l atest Wisconsi n g l ac ier wh i ch  formed a north 
(0 . 3) l atera l morai ne on B l uegrass Bu tte and a sou th l atera l mora i ne on B lack  Crater . Bel knap 

ash sti l l  v i si b le  in road cu ts .  

49 . 1  Sharp l eft turn; base of termi na l  morai ne . From th i s  poi nt eas t ,  the surfaces of basa l t i c  
(0 . 2) l ava f l ows from B l ack  Crater , Trou t Creek Butte , and Fourmi l e  Bu tte are encou ntered 

where they have not been buried beneath l a test Wisconsi n outwash deposi ts . 

49 . 3  Road to Fourmi l e  Bu tte: l eft . Li ke other c i nder cones i n  th i s  area , Fourmi l e  Bu tte i s  
( 1  . 5) composed of red basa l t  scor i a  and bombs ,  bears a th i n  mant l e  of Mazama pumi ce and 

Bel knap ash , and i s  probab l y  pre- l atest Wi sconsi n in age . On the east f l ank  of the 
cone is a pec u l i ar east-west trendi ng wa l l  of basa l t  1 5  feet wide, 35 feet h i gh , and 
1 50 feet l ong . The pattern of j oi n ts i n  th e basa l t  and the i nc l i nat ion of adj acent strata 
suggest that the wa l l  is a di ke wh ich  was forced in a so l i d  condi t ion through th e cone, 
appear i ng above the surface by extrus ion rather th an by erosi on . 

50 . 8  (0 . 5) Road to Trout Creek Butte summi t: r igh t .  

5 1 . 3  ( 1 . 0) Crests of basa l ti c  l ava f l ows protrude through overburden of g l ac i a l  outwash . 

52 . 3  (0 . 2) Near bend i n  h i ghway , Co l d  Spri ng i ssues from l ava f low marg i n .  

52 . 5  ( 1 . 9) Road to Co l d  Spri ng Campground: l eft . 

54 . 4  ( 1 . 3) Loggi ng road overpass . Road c u ts expose a l l uv i a l  sands and grave l s .  

55 . 7  (0 . 7) Vi ew sou thwest to Three Si sters and Broken Top vo l canoes . 

56 . 4  Oregon h i story i nformati on s ign :  "The Mc Kenzie  R iver rou te between the Wi l l amette 
(0 . 1 )  Va l l ey and eastern Oregon was fi rst u sed i n  1 862 when Fe l i x  Scott, J r .  and party wi th 

900 catt le and 9 wagons of supp l i es h acked the i r  way from the rock house 4 m i les east 
of Vida across the d iv ide sou th of B l ack  Crater to Trout Creek in J efferson Cou nty . 
The rou te up Lost Creek Canyon and Deadhorse H i l l  was di scovered by Joh n  Latta i n  
1 866 and the fi rst travel over i t  was i n  1 872 after construct ion was comp leted by the 
Mc Kenzie ,  Sa l t  Spr i ngs , and Deschu tes Wagon Road Company . Unti l 1 89 1 , to l l s  were 
co l l ec ted at Mc Kenzi e Bri dge, former l y  known as Crai g ' s  Br i dge, and then unt i l 1 894 
at B l ue  Ri ver . "  

56 . 5  Town of S i sters; j u nct ion of H i ghways 20 and 242. Turn l eft and proceed northwest 
(0 . 3) on H i ghway 20 . 

56 . 8  Oregon h i story i nformation si gn :  "In th i s  v ic i n i ty ear ly Ind ian  trai l s  converged: One 
( 1  . 5) com ing  i n  from Tumolo Creek to th e southeast, one from Sparks and Green Lakes to the 

sou thwest ,  one the Scott Trai l (as l ater known) from the west , and one from The Dal l es 
to the north . "  
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For th e next 3 mi l es B l ac k  Bu tte i s  i n termi tten t l y  i n  v iew to the northwest .  O n  both 
(3 . 4) si des of the h i ghway the surface i s  genera l l y f l a t  and under l a i n  by more than  20 feet 

of a l l u vi u m . 

A deta i l ed accoun t  of roadsi de geo l ogy i n  the S isters area must awai t fur th er i nvest iga­
t ion ;  however , a bri ef descri p tion  based ch i ef l y on data from Wi l l i ams ( 1 957) , i s  of­
fered here . In the vi c i n i ty of S i sters , rocks wh ich  are c l ear l y  part of th e H igh Cascade 
seq uence to the west merge wi th rocks of th e Madras Formation to the east . Basa l t  i s  
the most common rock type i n  both areas bu t i n terbedded sands,  cong lomerates , ash ­
f low deposi ts , and we l ded tuffs are i ncreasi ngl y i m portan t  to th e east . Most of the sur ­
f ic i a l  a l l uv i um  can be  traced westward i n to deposi ts of g l ac i a l  ou twash , deri ved from 
the H i gh Cascades . The surface i s  mant l ed wi th 1 to 2 i nches of dac i te pumi ce from 
Mount  Mazama and as much as 3 i nches of basa l ti c  ash from the Bel knap and Sand Mou n ­
tai n vents . Ci n der cones o f  Recent and P l ei stocene age are abundan t . 

6 1 . 7  Ind i an Ford Campgrou nd . Oregon h i story i nformati on sign: " Here was a ford on th e 
(0 . 1 )  Ind i an mountai n tra i l men ti oned by Li eu tenant  Joh n C .  Fremon t .  The on l y  recorded use 

by ear l y  whi tes was by Li eutenant  Henry L .  Abbot  and Pac i fi c  Ra i l road survey party i n  
1855 . " 

61 . 8 (1 . O) Loggi ng road overpass . 

62 . 8  B l a ck  Butte Swamp . Before B l ac k  Bu tte came i nto exi stence ,  streams i n  th i s  area ap-

63 . 8  

65 . 9  

68 . 0  

(1 . 0) paren t l y  f l owed north . Drai nage i s  now obstruc ted by the bu tte and swampy areas occur 
where surface water soaks i n to the ground . Th i s  water , augmented by grou nd water i n  
the bu tte i tse l f ,  i s  probab l y  amp l e  to supp l y  the l arge a n d  we l l -known Meto l i us Spr i ngs 
to the north . 

(2 . 1) 

(2 . 1 )  

(0 . 7) 

Broad , fan -sh aped l ava surface to the north l eads u p  to a n  obsc ure vent at the sou th ­
west base of B l ack  Bu tte . B l ac k  Bu tte i s  probab l y  pre- l a test Wisconsi n i n  age and owes 
i ts symmetri ca l , nong l ac i ated profi l e  to i ts posi ti o n  w i th i n  the Cascade rai n shadow . 

Road to Camp Sherman and other poi n ts of i n terest a l ong the u pper Meto l i us R i ver: 
r igh t .  

Loggi ng road to Cache Mou n ta i n ,  a cha i n o f  Recent  spatter cones , a nd a n  h i stor i c  wag ­
on road to l l  stat ion :  l eft . Coarse c i nders v i si b l e  i n  the uppermost few i nches of so i l  
were ej ec ted from B l ue  Lake Crater , 3 mi l es west . As the source is  a pproached , the 
c i nder l ayer becomes th i c ker , darker , and more obvious . 

68 . 7  Begi n n i ng of road cuts through l a test Wi sconsi n termi na l  morai nes . Th i s  represents the 
(0 . 3) l owest e l evati on  reached by an eastward extensi on  of the i c e  sheet wh i c h  accumu l ated 

between Moun t  Wash i ngton and Three F i ngered Jack . The morai nes are covered wi th 
0 . 5  to 1 feet of fi ne ash from the Sand Mou nta i n vo l canoes and by approxi mate l y  1 foot 
of you nger c i nders from B l ue  Lake Crater . 

69 . 0  (0 . 4) !Bou ndary between Maps No . 4 and No . 5 .1 
69 . 4  (0 . 3 ) Road to Su tt l e  and B l ue  Lakes: l eft . 

69 . 7  (0 . 1 )  Lake Creek . Drai ns  Sutt l e  and B l ue  Lakes through gap i n  termi na l mora i ne .  

69 . 8  Road to Su tt l e  Lake Guard Stati on :  l eft . Sand and  gravel of a l a tera l morai ne wh i ch 
( 1 . 2) forms an eas t-west r i dge 2 m i l es l ong and 600 feet h i gh are exposed i n  road c u ts ahead . 
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Summit cone of Mount Washi ngton as viewed from the northeast: 
Thin layers of basaltic lava, flow breccia, and agglomerate dip away from a 

high-standing plug which now fi l ls  the original volcanic conduit .  Di kes of resistant 
basa l t ,  one of which can be seen in the left foreground, occur on several radial 
ridges. (Oregon Deportment of Geology and Mineral Industries photograph 67-282) 

Summit cone of Three Fingered Jack as viewed from the east: 
The modern peak i s  a remnant of a much larger, glacially dissected basaltic 

volcano whose central plug, with attendant radial dikes, can be seen in the center 
foreground . (Oregon Dept. of Geology and Mineral Industries photograph 67-275) 

29 
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71 . 0  
(0 . 1 )  

71 . 1  
(0 . 6} 

71 . 7  (0 . 1 )  

71 . 8  
(0 . 3) 

72 . 1  
(0 . 6) 
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View sou thwest to Cache Mountai n and Mount Wash i ngton . Su tt l e  Lake , below, rests 
i n  an e longate basi n ,  enc losed by termi na l  and l atera l morai nes . 

Road cuts ahead expose basa l t  f l ows of the H igh Cascade p l atform . They often d i sp l ay 
p laty j oi nt i ng and are separated by reddened i nterbeds of coarse brecci a .  

View o f  North and Mi dd l e  S i sters through l ow poi n t  i n  southern hori zon . 

Deep road cu ts i n  basa l t .  These l ava fl ows are reversel y  magneti zed and are probab l y  
part o f  the ear l y  sh ie l d  vo l cano o n  wh ich  Three F i ngered J ack  now stands . 

B l u e  Lake over l ook . B l ue Lake occupies a Recent crater surrou nded by a r im  of vo l cani c 
c i nders and bombs , ejected approxi mate l y  3500 years ago . A l though no l ava appeared , 
the eruptions must have occurred wi th consi derab le  v io l ence ,  for most of the crater was 
b l asted out  of so l i d  bedrock  and l arge fragments were scattered i n  a l l d i rec tions . The 
l andscape i s  b l anketed wi th c i nders for 3 mi l es east and sou theast . 

72 . 7  F i ne basa l ti c  ash from Sand Mounta i n  vo l canoes appears here i n  road cutsand becomes 
(1 . 1 )  th i c ker toward the west . 

73 . 8  The red c i nders wh i ch are so preva l ent o n  road cuts here {and el sewhere) have been 
(2 . 2) deposi ted by h i ghway snowp l ows and are not part of the natura l  strati graphy . 

76 . 0  (0 . 8) Sant iam Summi t ,  e l evati on 48 1 7 . 

76 . 8  (0 . 3) Road to Hoodoo ski area , Bi g Lake ,  and Sand Mounta i n :  l eft . 

Recommended si de excurs ion;  1 5  m i l es and 2 hou rs round tr i p .  Fo l l ow pavement east 
of H oodoo Bu tte (Recent c i nder cone, no l avas) and H ayri c k  Bu tte (mesa- l i ke g l ac i ated 
mass of basa l t ic andesi te) to Bi g Lake (occupies g l ac i a l l y  carved basi n) . Fo l l ow dir t  
road west to summi t of South Sand Mountai n {best vi ew of north-south , 6-m i l e  a l i gn ­
men t o f  Recent c i nder cones and l ava fi e l ds) . 

77 . 1  Sou theast end o f  Hogg Rock:  r igh t .  Oregon h i story i nformat ion s ign : "Th e o l d  grade 
(0 . 3) crossed by the Santi am H i ghway at th i s  poi n t  was bui l t  as part of the Corva l l i s and 

Eastern Rai l road by T .  Egen ton Hogg i n  1 888 and was to have con nec ted Newport and 
Boi se . " 

77 . 4  Vi ew sou th to Hoodoo and Hayri ck  Bu ttes . Hoodoo Butte i s  a Recent basa l t ic ci nder 
(0 . 3) cone wi th a summi t crater . Hayri ck Butte contai ns the same p l aty-jo i nted basa l t ic  an­

desi te as i s  seen i n  the c l i ffs of Hogg Roc k ,  and both masses have been comp lete l y over­
ridden by g l ac i a l  i ce .  The ori g i na l  coo l i ng surfaces of both H ogg Rock and H ayr i ck  
Butte are ou t l i ned by  b l ack ,  g l assy , co l u mnar-j oi nted r i nds wh ich are more than 50 feet 
th i c k  i n  p l aces . These features are common to many other Cascade andesi tes and ba­
sa l ti c  andesi tes . 

77 . 7  Vi ew northwest to Maxwe l l  Butte , a broad basa l t i c  vo lcano of near-Recent age . Latest 
(0 . 2) Wi sconsi n g l ac iers l i gh t l y  scoured the upper f lanks bu t d i d  not extend to the west base 

of the mountai n .  Consequent l y ,  Maxwe l l  Butte l ava f l ows present a Recent appear ­
ance on ly  near the i r  western boundary . 

77 . 9  Park i ng  area : l eft . Lost Lake group of c inder cones ,  2 mi l es west; Three Fi ngered 
(0 . 5) J ack ,  4 mi l es north east; road cu ts i n  Hogg Rock, ri gh t . P l aty jo i nt i ng tends to devel op 

para l l e l  to coo l i ng surfaces; i n  Cascade basa l t ic andesi tes th i s  is usua l l y  encl osed 
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wi th i n  a b l ack ,  g l assy r i nd  i n  wh ich  co l umnar joi n ts are perpendi cu l ar to coo l i ng 
surfaces . 

3 1  

78 . 4  In road cu t  r i gh t ,  th i n  f l ows of ves icu l ar basa l t  are over l ai n  by a th i c ker f l ow of dense , 
(0 . 3) coarse-grai ned basa l t .  

78 . 7  Deposi ts of reworked basa l t ic ash mant l e  outcrops of g l ac i a l  a l l uv i um . The ash i s  
(0 . 5) ch i ef ly from Lost Lake Cones and Li tt l e  Nash Crater . 

79 . 2  (O . 2) !Bou ndary between Maps No . 5 and No . 1 .1 
79 . 4  

(0 . 6) 

80 . 0  
(0 . 3) 

80 . 3  
(0 . 5) 

80 . 8  
(0 . 4) 

I n  road c u ts and on h i l l s ide  north of h i ghway are severa l ou tcrops of co l umnar and p l aty 
j oi n ted basa l t  f l ows over l ai n  by g l ac i a l  a l l uv ium and surfi c i a l  deposi ts of basa l ti c  ash . 

Vi ew west to Lost  Lake group of c i nder cones . Approximate l y  2000 years ago a nor th ­
sou th a l i gnment of four basa l ti c  c i nder cones and assoc iated l ava f lows was formed and 
the resu l t i ng ri dge dammed Lost Creek . 

Road to Lost Lake campground : r i gh t .  A l l but the topmost pro j ec tions of l ava surfaces 
are here obscured by deposi ts of ash from nearby cones . 

Crest of Lost Lake r idge of cones . Cuts on both s i des of h i ghway expose coarse c i nders 
of Sou th Cone . Th e crater i s  north of th e h i ghway and i s  approx i mate l y  1 000 feet i n  
d iameter and 300 feet deep . F i ne vo l can i c  ash seen o n  th e west s lope o f  th i s  cone i s  
from Li tt l e  Nash Crater, 1 . 5  m i l es west . 

8 1 . 2  The next 1 mi l e  of h i ghway i s  u nder l a i n by s l aggy basa l t  from Lost Lake cones; how-
(0 . 6) ever , most of the l ava surface h as been buri ed under basa l t ic  ash from Li tt l e  Nash 

Crater . 

8 1 . 8  (0 . 1 )  Vi ew sou th to Nash Crater . 

8 1 . 9  Sant iam J unct ion . Conti nue l eft o n  H i ghway 20 . 

(0 . 9) A re l at ive l y  comp l ex geo l og i c  h i story is assoc i ated wi th the j unct ion area . Latest Wis­
cons i n  l atera l mora i nes form ri dges to th e north and south , out l i n i ng the l ast advance 
of g l ac i a l  i c e . Among th e fi rst Recent  l ava f lows were those wh i ch moved from vents 
between Nash Crater and Sand Mountai n ,  northward over the j unct ion area , and th en 
wes t to  Lava Lake . These first f l ows were overr idden by an ear l y  l ava (th e Lava Lake 
F low) from Nash Crater . Subsequent l y ,  th e Lost Lake Cones were formed and l ava 
moved west,  coveri ng th e j u nc t ion area once agai n .  After a peri od of qu i escence ,  
younger, more s i l i ceous basa l ts (F i sh Lake F l ows) emerged from the south and  northwest 
bases of Nash Crater . Duri ng th i s  second phase of ac tiv i ty at Nash Crater , L i tt l e  N ash 
Crater was formed and breached by basa l ti c  f l ows . A l l  of these vo l can i c  epi sodes de­
posi ted l ava or e jecta or both in  th e v i c i n i ty of Sant i  am Ju nct ion . 

82. 8 Road to quarr ies i n  Li tt l e Nash Crater: r igh t .  Th e L i t t l e  Nash cone i s  remarkab l e  i n  
(0 . 4) that pr ior to eru pt ion of vo l cani c materi a l , a steam ven t was b l asted th rough under ly i ng  

fi n e-grai ned basa l t ,  and  fragments of th i s  bedroc k were scattered i n  a l l  d i rect i ons . 
The resu l t i ng l ayer of rubb l e  is about  1 foot th i c k  near th e cone ,  decreasi ng to n i l at  
radi a l  di stances of 0 . 5  to 0 . 6  mi l es .  

83 . 2  (0 . 2) Crest of F i sh Lake F l ow from nor thwest vent of Nash Crater . 
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Mileage 
83.4 

(0.3) 
H ighway crosses contact between Fish Lake Flow (east) and sti II younger flows from 
Little Nash Crater (west) . Fine ash from Nash Crater fell on both of these flows , but 
the resulting deposit is thin and to be seen it must be recovered from interstices in th e lava . 

83 . 7 
(0 . 3) 

At west end of parking area is a contact between Lava Lake Flow (smooth, almost ropy 
crusts; overburden of ash; extends west) and a younger flow from Little Nash Crater 
(blocky surfaces; thin ash cover; extends east) . 

84 . 0 
( l . l ) 

Sawyer ' s  Cave: left. This is a short lava tube within the Lava Lake Flow . A delicate 
and well-preserved ropy crust covers the east floor of the cave. 

85 . 1  J unction of H ighways 20 and 126; completion of circuit . 

G l o s s a r y  o f  T e c h n i c a l T e r m s  

Andesite. Volcanic rock intermediate in 
composition between basalt and rhyolite. 

Augite. Dark-colored sili cate mineral. 

Basalt. Dark-colored volcanic rock with 
----;;bundant iron, magnesium, and calcium. 

Breccia. A consolidated deposit of rock 
fragments. 

C i rque. Amphitheater carved by a glacier. 

Dacite. Siliceous andesite. 

Deuteric . Igneous rock alteration which 
takes place during cooling. 

Diktytaxitic . Texture of relatively coarse­
grained, porous lava in which gas pockets 
form betw een crystals rather than within 
glass. 

Outwash . Layered deposits of rock particles 
which have been transported from margins 
of g I ac i ers by meltwater streams. 

Palagonite . Altered basaltic glass . 

Phenocryst. Large mineral grain in an igneous 
rock matrix which is composed of smaller grains . 

Pleistocene . Interval of geologic time embracing 
the last 1 million years. 

Pliocene. Ten-million-year interval of geologic 
time, ending 1 million years ago. 

Porphyritic. Containing phenocrysts. 

Recent. Interval of geologic time elapsed since 
�ice age (1 0, 000 to 12, 000 years) . 

Rhyolite. Light-colored volcanic rock with 
abundant sodium, potassium , and silicon. 

Diorite . Coarse-grained igneous rock of andesi- Shield . Volcano  with gentle slopes. 
�composition and deep-seated crystallization. 

H ypersthene. Dark-colored silicate mineral. 

Monzonite. Coarse-grained igneous rock 
similar to granite. 

Moraine. U nsorted deposit of rock particles 
which accumulate at the margins of a 
melting glacier. 

Obsidian. Rhyolitic glass. 

Olivine. Dark-colored silicate mineral. 

Spiracle. Blowhole formed as lava moves over wet 
ground . 

Tuff. Consolidated volcanic ash . 

Unc onformity. Discontinuity separating rock units 
of contrasting geologic history. 

Vesicle. Rounded gas pocket in lava.  

Vitrophyre. Porphyritic glass . 

Wisconsin . Interval of geologic time associated 
with last ma j or advance of glacial ice. 
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VOLUME OF THE MAZAMA ASH-FALL 

AND THE ORIGIN OF CRATER LAKE CALDERA 

By Howe ! Wi l l i ams* and Gordon Go l es* 

Our _pr i nc i pa l  ob jectives are these: 1 )  To correc t a m isca l cu l at ion by Wi l l i ams ( 1 942) of th e vo l ume of 
ash b l own from Mount  Mazama dur i ng th e i n i t i a l  phases of i ts c l i mac t ic eru pti ons; 2) to acknow l edge a 
mi nor m i sca l c u l at ion of th e vo l ume of Mount Mazama that co l l apsed to form the ca l dera that ho l ds Crater 
Lake; and 3) to emphasi ze that th e d i screpancy between th e vo l ume wh ich  co l l apsed and the vo l ume  of 
erupted magma and l i th i c  e jecta ,  though much l ess than former ly  supposed , rema i ns to be exp la i ned . 

V o l u m e  o f  t h e A s h - F a l l  

Wi l l i ams ( 1 942) ca l cu l ated that the vo l u me of ash and pumice that  fe l l from the ai r pr i or to the 
discharge of the fi na l  g l owi ng ava l anches from Mount  Mazama was about  3 . 5  cub ic  mi l es ( 1 5 km3 ) .  Of 
th i s  vo l ume,  he  supposed that  on ly 0 . 5  cub ic  mi l es (2 km3 ) fe l l  beyond the 6-inch i sopach . Th ese con­
c l usions were based on th e rapi d d imi nu tion i n  the th i c kness of the ash b l anket between Crater Lake and 
the vi c i ni ty of Bend ,  and on an est imate that  th e vo l ume of ash between th e 6-i nch and 1 -foot i sopachs 
was on l y  0 . 1 7  cub ic  mi l es (about 0 . 7  km3 ) .  

Mazama ash has si nce been i denti fi ed , by th e carefu l stud i es of Powers , W i l cox , and others , over 
an i mmense area beyond the 6-i nch i sopach , extendi ng i nto Br i ti sh Co l umb ia ,  A l berta , Montana , and 
I daho ,  and southeastward i n to Nevada (fi gure l) . More recentl y ,  a l ayer of supposed Mazama ash , com­
posed most ly  of par tic l es of g l ass and measur ing 4 ems in th i ckness , h as been i denti fi ed on the ocean f l oor 
40 mi l es west-northwest of th e mou th of the Co l umbi a  R i ver (Royse , 1 967) . No doubt a consi derab l e  
amount  o f  extreme l y  fi ne ash fe l l far beyond th e present ly  recogn i zed l i mi ts .  

The foregoi ng d i scover ies and a he l pfu l d iscuss ion wi th Dr . Bruce Bo l t , Professor of Seismo l ogy, 
Un i versi ty of Ca l i forn i a ,  Berke l ey ,  set us  to wonder ing  about the vo l ume of ash that fe l l  beyond th e 6-
i nch i sopach . We rea l ized , of course , that an accurate ca l cu l at ion is  i mposs i b l e  because most of th e f ine 
ash , far removed from i ts sourc e ,  has long s ince been eroded and red istri bu ted by wi nd and water dur ing 
the approximate l y  7000 years that have e l apsed s i nce the great erupt ion . Moreover , a i rborne pyroc l ast ic 
e jec ta are contro l l ed in the i r  d i str i bu tion by i nnu merab l e factors , such as the nature of th e fragments 
themse l ves , the i r  " muzz l e  ve loc i t i es , " var i ati ons i n  wi nd ve loc i ti es and d i rec tions at var i ous e l evat ions, 
edd ies caused by topograph i c  obstac l es ,  and rai ns accompanyi ng  the "fa l l ou t . "  Neverthe l ess , i t  h as 
seemed to us warran ted to make a crude esti mate of th e tota l vo l ume of the Mazama ash-fa l l . 

Cranda l l  and Mu l l i neaux ( 1 967) noted that Mazama ash covers Moun t  Rai n i er Nationa l Park "to a 
maxi mum depth of 3 i nch es , "  and "forms a d i scont i nuous b l an ket a few i nches th i c k" over the ent ire re­
gion . Prof .  W .  H .  Mathews (i n l i tt . , August 22, 1 967) te l l s us that  a l l of th e Mazama ash seen in road­
cuts i n  the south ern part of Bri ti shCol umbi a occurs i n  reworked , a l l uv ia l  l enses . "About the on l y  p l aces 
I know of where chances of reworki ng are at  a m in imum are in peat bogs , some 4 or 5 meters down . " Wi th ­
i n  such a bog a t  J esmond,  rough l y  1 50 m i l es north -north east o f  Vancouver , h e  d i scovered a l ayer o f  Ma­
zama ash approximate l y  5 mm th i c k  a t  a depth of about 433 ems . Unfortunate l y ,  no direc t  measurement 

Center for Vo lcano l ogy, Un i versi ty of  Oregon , Eugene,  Oregon . 
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M i les 

F i gure 1 .  D i stri bution of Mazama ash . St i pp l ed area shows 
where ash is more than  6 i nch es th i c k .  Dots i nd icate 
l ocations of samp l es i denti fi ed by Powers and Wi I cox , 
1 964 . J - J esmond Marsh ; R - Mount  Ra i n i er; 
C - submar i ne ash , 4 em th ic k .  

200 

was made of the th i ckness , and Mathews warns that the H i l l er borer may have smeared and spread some 
of the ash i n to the adj acent peat .  

For ou r  present purpose , we assume th at the ori g ina l  th i c kness of Mazama ash wh ich  fe l l  over Mount 
Rai n i er Nat iona l Park was 2 i nches (5 em),  and th at wh ich fe l l  i n to the peat bog at J esmond was 0 . 2 i nches 
(5 mm) . Var iat ions i n  th e th i c kness of the ash a long a north vec tor from Crater Lake are therefore as fo l­
l ows: 

Di stance  from source {m i l es) 

2 1 . 9  
34 . 1  
39 . 4  
44 . 7  
55 . 3  

About 275 {Mount  Rai n i er )  
About 600 {J esmond) 

Th ic kness {i nches) 

About 
About 

60 
36 
24 
1 2  
6 
2 
0 . 2  

These figures may be fi tted to a n  exponenti a l  c urve, ei th er graph ica l ly  or by a l east-squares ca l cu­
l ation. It i s  then  a s imp l e matter to set up  the equation for th e di fferentia l  vo l ume  in an  arcuate segment ,  
w id th dx , wh ere th e thickness decreases exponenti a l l y  w i th i ncreasi ng  distance from th e source ,  x ,  and 
i n tegrate over d i stances from Crater Lake w i th i n  th e area known  to con tai n Mazama ash . F igure 2 shows 
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that the th i c kness-contour a l ong th e north vec tor can best be fi tted by the sum of two exponenti a l  curves , 
i mp ly i ng that  two differen t  mechan isms governed the distri but ion of the ash . Fo l l ow i ng a suggestion by 
Prof . H .  R .  B l ank  of the Center for Vo l c ano l ogy, Un i versi ty of Oregon , we sha l l tentative l y  assume that 
these mechan isms are re l a ted to turbu l en t  f l ow of ash -charged a i r  masses c l ose to the source, and to lam­
i nar f l ow {on a l arge sca l e) of more-or- l ess norma l w i nd patterns at greater d i stances from th e source .  I n  
th i s  exp l anation , we  assume that  the re l ati vel y coarse ash cou l d  be transported effi c i en t l y  on l y  by a ir  
masses i n  wh ich  turbu l en t  moti ons were dr iven by energy derived l arge l y  from the eruption i tse l f ,  so that 
the th i ckness of ash c l ose to th e source decreases rapi d l y . I n  contrast,  the distri but ion of fine ash b l own  
to very h i gh l eve l s  i n  the atmosphere i s  much l ess dependen t upon loca l  effec ts . Note tha t  even i f  th i s  
ten tat ive exp lanat ion o f  the d is t inct ion between the s lopes o f  th e two exponenti a l  curves of fi gure 2 i s  
i nva l i d ,  the observed di stri but ion of Mazama ash may be treated by  the si mpl e approach we h ave empl oyed . 
S i nce  the vo l ume of ash that  fe l l  w i th i n  the 6-i nch i sopach {approxi mate l y  at th e break between th e steep 
and gen t l e  s l opes of th e con tour) is known to be abou t 3 cub ic  mi l es { 1 2 km3 ) ,  the h eavy l i ne i n  f igure 
2 represen ts the d istri buti on of ash ly i ng between 60 and 1 000 mi l es of Crater Lake . For compar i son , the 
dashed l i ne was fou nd by a l east-squares fi t of a l l the data , and th is  c l ear l y  yi e l ds an overesti mate of the 
vo l ume of ash outs ide the 6- i nch i sopach . 

Our tentat ive conc l usion is that  the vo l u me of Mazama ash that fe l l  between 60 and 1 000 mi l es from 
Crater Lake was abou t 5 . 7  cub ic  mi l es {23 km3 ); i t  was not l ess than  4 nor more than 6 c u bi c  mi l es ,  and 
hence was greater than  th e vo l u me of ash wh ich  fe l l  c loser to the source . A test for convergence showed 
that th e vo l ume ly i ng beyond 1 000 mi l es is at most a few hu ndredths of a cub ic  mi l e .  More measurements 
of ash th i c kness are needed , espec i a l l y  a long direc t ions oth er than north from Crater Lake . A l so ,  th i s  
esti mate does no t  take i n to account ash wh i ch  may be  on  th e ocean f l oor , a l though that omissi on i s  not 
l i ke ly  to be ser ious . 

The content of c rysta l s  and l i th i c  fragments i n  the ash deposi ts d im i n i shes rapi d l y  away from the 
source wh i l e  th a t  of pumi ceous parti c l es and g l ass sh ards i nc reases , u nti l on l y  vi tr ic  dust is to be expected 
near th e l i mi ts of the fa l l ou t .  

Our revised esti mates of the vo l ume o f  materi a l  b l own from Mount  Mazama j u st before i ts top co l ­
l apsed are , therefore, as fo l l ows: 

Tota l s  

Pre l imi nary ash-fa l l 
G l owi ng ava l anch e deposi ts 
F i na l  ash -fa l l 

Cu b ic  mi l es 

7 to 9 
6 to 8 

0 . 25 

1 3 . 3  to 1 7 . 3  

Cubi c  ki l ometers 

29 to 37  
25  to  33  

1 

55 to 71 

The tota l  vo l ume of erupted l i th i c  fragments was between and 2 cub ic  mi l es {4 to 8 km3 ); the 
tota l vo l u me of erupted crysta l s  was between 2 and 3 . 5  cub ic  mi l es {8 to 1 5  km3) .  Accordi ng l y ,  the 
tota l vo l u me of pumiceous fragments and g l ass shards was between 8 and 1 4  cub ic  mi l es {33 to 58 km3 ) ,  
wh ich  i s  rough l y  equ iva l ent  to twi ce  the vo l ume o f  th e ori g i na l  l iq u i d  magma w i th a l l o f  i ts gas i n  so l u ­
tion. W e  th i n k  tha t  the aggregate vo l ume o f  l iq u i d  magma , p l us i ts entra ined crysta l s  and the l i th i c  frag­
ments b l asted from the top of Mount  Mazama dur ing  i ts c l i mac tic outburst, was approxi mate l y  1 0  cub ic  
mi l es {42 km3 ) ,  rather than 6 . 5  cub ic  mi l es (27 km3 ) as  former l y  supposed . 

T h e V o l u m e o f  M o u n t  M a z a m a  T h a t  C o l l a p s e d  

How much of the top of Mount Mazama was engu l fed to produce  the present ca l dera? I n  1 942,  
Wi l l i ams conc l uded , as Di l l er ( 1 902, p .  48) h ad done l ong before ,  that 1 7  cub ic  mi l es (71 km3 ) of the 
ancestra l vo l cano foundered . We now th i n k  that th i s  vo l ume i s  somewha t  excess i ve ,  and that the top of 
the vo l cano was consi derab l y  l ower th an 1 2 , 000 feet , as or i gi na l l y  supposed . A though tfu l and stimu l at­
i ng l e tter from Prof . R .  C. S i l l ,  Department of Physi cs ,  Un iversi ty of N evada , Reno (September , 1 962} 
l ed us to rev i se our esti mate . The distr i but ion of pumice  a l ong and near th e r im  of Crater Lake strong ly  
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suggests that when the great eruptions took p l ace ,  abou t 7000 years ago , th ere were n o  long g l aci ers o n  
the north ern s lopes o f  Mount Mazama; neverth e l ess, th ree g l aci ers descended th e south ern su nny s lopes 
to pass through Sun Notch , Kerr Notch , and Munson Va l l ey , extendi ng a mi l e  or more beyond th e present 
r im of the ca l dera . 

Professor S i l l  suggested a reasonab l e  exp l anation . " The  mountai n was so h i gh l y  asymmetr i ca l  that 
the very gent le  northern s lopes cou l d  sustai n on ly  snow s l opes or very s l ugg i sh and th i n  i ce  fi e l ds .  The 
sou thern g l ac iers origi nated on a protected s lope h i gh er on the moun tai n and were d iverted toward the 
sou th by spec i a l  features ,  perh aps such as oth er sate l l i te cones si tuated towards Mount Scott . " Most l i ke­
l y ,  th ere was a huge  summi t-depress ion,  probab ly  a great l y  en l arged crater , i n  wh ich  enough i c e  accu ­
mu l ated to feed th e three long g l ac i ers that f lowed down th e su nny, sou thern s lopes . The h i ghest wa l l s  
o f  th i s  summi t-depression must have been o n  th e northeast and east si des , and the lowest o n  th e sou th and 
sou theast , perm i tti ng ice to escape· in those di rec tions . 

Observat ions made dur ing repeated v i s i ts to Crater Lake have a lso suggested that many erupt ions of 
dac i te pumi ce  took p l ace  from vents on the north ern f l ank  of Mou nt Mazama not long before the fi na l  
co l l apse , and that these a l so di mi n i sh ed the vo l ume of th e upper part of th e vo l cano . Accord i ng l y ,  we 
now th i n k  tha t  not 1 7  cubic mi l es (71 km3 ) of th e moun ta i n -top were engu l fed,  but more near l y  1 5  cu ­
bic mi l es (62 km3 ) .  

O r i g i n o f  t h e C a l d e r a  

A seri ous di screpancy sti l l  persi sts . The vo l ume of magma ( l i qu id  and crysta l s )  p l us the vo lume of 
o l d  roc k fragments bl own out dur ing  th e c l i mact i c  erupti ons was about 1 0  cub ic  mi l es (42 km3 ); th e vo l ­
ume of th e mou n ta i ntop that co l l apsed was greater by rough l y  5 cub ic  mi l es (21  km3 ) .  I f  the magma i n  
the reservoi r  had a l ready begun to froth pr i or to the erupt ions, th e disc repancy wou l d  be reduced sti l l  
farther , bu t probab ly not by a l arge amount . H ence ,  for l ac k  of a better exp l anation , we  seem to be 
ob l i ged to assume that some of the space necessary to permi t the co l l apse of the top of Mount Mazama 
was provi ded by subterranean w i thdrawa l  of magma , ei ther through fi ssures i n  the wa l l s  of th e reservo ir or 
by recession at sti l l  greater depths . Such magmati c wi thdrawa l  may i ndeed have tr i ggered the exp l os ive 
eruptions that l ed to engu l fment . 
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AEROMAGNETIC AND GRAVITY SURVEYS 

OF THE CRATER LAKE REGION, OREGON* 

By H .  R ichard B l ank ,  J r . * * 

I n t r o d u c t i o n  

S ince  1 962 the U . S .  Geo log i ca l  Survey has been engaged i n  a conti nui ng program of geophys ica l  studi es 
i n  sou thwestern Oregon,  pr i mar i l y  concerned w i th de l i neati ng and i nterpreti ng the reg i ona l Bouguer grav­
i ty fi e l d  (B lank,  1 966) . I n  the course of th i s  study the gross features of the grav i ty fie l d  i n  the v ic i n i ty 

of Crater Lake were de l i neated . I t  was ear l y  
apparent that the Crater Lake comp l ex does 
not produce  a l arge negative gravi ty anoma l y  
such a s  i s  common ly  assoc iated wi th ca l deras 
of the Krakatoan type (Yokoyama , 1 963) . 
Th i s  resu l t  was not unexpected i n  v iew of th e 

0 R E G 0 N evi dent l ack  of an apprec iab le  th i c kness of 
l ow -densi ty fi l l  w i th i n the ca ldera . However , 
i t  was fe l t  that a more comp l ete defi n i tion of 

o fugene o Bend the geophys ical environment of the ca ldera 
mi ght shed some l i ght on i ts reg iona l  structur-

AREA of SURVEYS al posi t ion and on  the quest ion of wheth er re-

,� f l ated i ntrusi ve bod ies are present  at depth . To Cratet!.f" th i s  end addi t iona l  gravi ty work was performed , 
i nc l ud i ng the estab l i sh ment of a number of sta-

o Medfard t ions w i th i n  the ca l dera on the perimeter of 
the l ake and on Wizard I s l and,  and an aero­
magnetic survey was  made of the ca l dera and 

F igure 1 .  I ndex map of Oregon . i ts i mmediate surrou ndi ngs . The cooperation 
and assistance of the National Park Serv ice  

great ly fac i l i tated work w i th i n  the  Park  and are gratefu l l y acknow l edged . 

P h y s i o g r a p h i c  S e t t i n g  

The region considered i n  th i s  paper i nc l udes a l l of Crater Lake Nati onal Park and extends across the 
ent ire w id th of the H i gh Cascades flhysi ograph i c  prov ince ,  from several mi l es east of U . S .  H ighway 97 to 
the western s lopes of the upper Rogue River Va l l ey . I t  i s  bounded on the north by approxi mate l y  th e l ati ­
tude of Di amond Lake and on the south by the l ati tude of Fort K l amath . F i gure 1 l ocates the reg ion w i th 
respect to Eugene,  Bend, and Medford . 

F igure 2 i s  a si mp l i fi ed topograph i c  map of the region w i th contours at 1 000-foot i n terva l s .  The 
H i gh Cascades are rough l y  de l i neated by the be l t  of topography above 5000 feet in e l evati on east of th e 
Rogue River . Mounts Bai l ey and Th i e l se n ,  west and east of Di amond Lake , respecti ve l y ,  and Moun t  Ma­
zama , the vo l can ic  comp l ex whose part i a l  engu l fment resu l ted i n  the formati on of Crater Lake ca l dera , 
compri se l arge areas above 7000 feet i n  e levation . Southwest of Crater Lake is Un ion  Peak,  a l esser 

* Pub l i cat ion author i zed by the Di rector, U . S .  Geo l og ica l  Survey . 
* *  U . S .  Geolog ica l  Survey, Men l o  Park ,  Ca l i forni a .  



Fig. 2 Topographic Map Of Crater L ake Region 
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K E Y T O  M A P U N I T S 

Dac i te pyroc l as t i c  roc ks eru pted from Mou n t  Mazama: 
Pumi c e , ash -fl ow , and ash -fa l l deposi ts; i nc l u des a l l u v i u m  

Basa l t i c  a nd andesi t i c  l ava f l ows,  domes , and i ntracanyon f low s  

Basa l ti c  and andesi ti c pyroc l asti c roc ks o f  parasi t i c  cones 

Mou nt Mazama andesi tes : Lava f l ow s ,  domes and exp l osion brec c i a ,  
wi th some i n ter bedded g l ac i a l  deposi ts; i nc l udes a nd esi tes of Mou n t  
Scott 

Doc i te lava f low s  and domes 

B asa l t i c  and andesi t i c  pyroc l ast ic  rocks: Tuff, tu ff brec c i a ,  and agg lom­
erate; i n c l udes mafi c i ntru s i ve roc ks assoc i ated w i th vents 

Basa l t  and andes i te of H i g h  Cascades seq u e n c e :  Lava f l ows w i th 
su bord i nate brec c i a ,  formi ng l ava domes , cones , and i n trac anyon f l ows 

Andesi te and basa l t i c  andesi te of Western Cascades sequence:  domi nant l y  
l ava f l ow s  of m i d d l e(? ) a n d  up per Miocene age , w i th some o l der pyro­
c l ast ic  roc ks 
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Fig. 3 Geologic Map Of Crater L ake Region 
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promi nenc e . B y  extendi ng t h e  con tours beyond th e m a p  area i t  c a n  b e  seen th at t h e  H i gh Cascades ch ange 
th e i r  trend from near l y  north -south , south of Crater Lake , to more near l y  north east , north of Crater La ke; 
th e change i n  trend coi n c i des w i th a change i n  wi dth of th e range . Th ree areas of h i gh topography - ­
Mou nt Bai l ey ,  a n  area w est o f  U n i on Peak ,  a n d  th e " arm " above 5000 feet exten di n g  sou th east from Crater 
Lake -- are offset from th e mai n range axi s . F i na l l y ,  a sh arp offset of th e eastern range fron t  occurs n ear 
the sou th ern margi n of th e map due w est of Fort K l amath . These features are refl ec ted i n  th e geophysi c a l  
maps a n d  th e i r  possi b l e  si gni fi c a nce w i l l  b e  d iscussed l a ter . 

The H i gh Cascades are bordered on th e east by K l amath Marsh and th e u pper K l amath basi n ,  wh i ch 
are physi ograph i ca l ly i n c l uded i n  th e Basi n -Range prov i n c e ,  and on th e w est by the Western Cascades . 

F i g ure 2 a l so serves as a si mp l i fi ed terra i n  c l earance map th at can be used i n  c on j unct ion  wi th i nter­
pretat ion  of the aeromag n e t i c  map di scussed in  a su bseq u en t  secti o n . 

G e o l o g i c F r a m e w o r k  

The geo l ogy of Crater Lake Nat iona l  Park h as been desc r i bed i n  a c l assi c paper by Wi ! I i ams { 1 942}; 
o n l y  a br i ef synops i s  is  i n  order h ere . The geo l ogi c map of fi gure 3 i s  adap ted from Wi l l i ams ' N ati ona l 
Park map and from reconnaissance maps by Wi l l i ams { 1 957) and W e l l s  and Pec k { 1 96 1 } . 

Th e o l d est rocks exposed i n  the reg ion are O l i goc ene to Mi oc ene pyroc l asti cs and l avas , composed 
c h i efl y of hyt)ersth ene andesi te ,  and be l ongi ng to th e so-ca l l ed W estern C asc ades sequ enc e .  Th ese roc ks 
h ave an aggregate th i c kness proba b l y  i n  exc ess of 20 ,000 feet west of th e map area; th ey di p genera l l y  
eastward and doubt l ess are present a t  depth ben eath the H i gh Casc ades . 

Roc ks of the so-ca l l ed H i gh Cascades sequence are P l iocene to P l ei stoc ene i n  age . Accordi ng to 
Wi l l i a ms ( 1 942 } ,  they may be l oc a l l y  i n  fau l t  contac t  w i th roc ks of th e W estern Cascades sequ e nc e .  I n  
p l aces th ey fi l l  deep canyons c arved i n  th e o l der roc ks . T h e  l ow er part o f  th e H i gh Cascades sequ ence 
consi sts a l most ent ire l y of o l i vi ne-bear i n g  basa l t  to basa l ti c  andes i te  l ava f lows that form shi e l d  vo l ca noes 
of l ow re l i ef; th e u pper part is more andes i ti c i n  composi t i o n ,  and consi sts of a l ternati n g  l ava f l ow s  and 
pyroc l asti cs eru pted from strato -vo l canoes th at w ere erec ted o n  a p l atform of  coa l esc i ng sh i e l ds .  Mou n ts 
Bai l ey ,  Th i e l se n , Scott {east of Crater Lake} and Mazama and U ni o n  Pea k are th e l argest of th ese strato ­
vo l c anoes i n  th e regi on studi ed . Mafi c i ntrus ive roc ks are associ ated w i th th e vents of Ba i l ey , Th i e l se n ,  
a n d  U n i on Peak . 

Roc ks of Mou nt Mazama affi n i ty are d isti nguish ed separa te l y  on th e geo l og i c  map . Accordi ng  to 
Wi l l i ams , th e deve l opment of th e mai n vo l c an i c  edi fi ce  was c h arac terized by re l at i v e l y  q u i e t ou tpouri ngs 
of andesi t i c l ava , wi th exp l osive eru ptions p l ayi n g  a su bord i n a te ro l e .  Th e wani ng stages of ac t i vi ty w ere 
marked by erupt ion of d iverse magma types - -dac i te in th e for m of vi scous f l ows,  pum i c e ,  and domes; and 
basa l t  or basa l t i c  a ndesi te as paras i t i c  c i nder cones or scor i a  cones . Wi ! I i ams po i n ts out  th at th is  sequence 
i s  charac ter i sti c of  many andesi t ic  vo l canoes throughout th e wor l d .  

Vast quanti ti es of dac i ti c  pumi c e  and ash w ere ej ected dur i ng the c l i macti c eru ptions of Mou nt  Ma ­
zama . The bu l k  of th e deposi ts consi sts of pu m i c e -f l ow mater i a l  whose age h as been esta b l i sh ed as abou t 
6600 years {Ru bi n  and A l exander , 1 960} . Th e a i r -fa l l deposi ts are th i c kest to th e northeast and east of  
Crater Lake bec ause of th e i nf luence of prevai l i ng w i nds . Rap i d  extravasat ion of th e dac i te and conse ­
q uent  wi th drawa l of su pport l ed to co l l apse of th e su mmi t area and formati o n  of th e c a l d era . Th e c a l dera 
is ecc entr i c  w i th respec t to the former su mm i t ,  wh i ch apparen t l y  l ay we l l  to th e sou th of th e cen ter of 
what  is now Crater Lake {Wi l l i ams , op . c i t . } .  

The di scovery of  abundant acc i dental  fragme nts of grani toi d roc ks , c h i ef ly  parti a l l y  fused granodi ­
ori te , i n  th e produ c ts of th e cu l m i nati ng eru pti ons has rec e n t l y  been reported by Tay l or { 1 96 7} .  H e  sug­
g ests th at parti a l  fusi on  of granodi ori t i c  c rusta l materi a l  may h ave produced th e reservo i r  of  dac i te magma . 

Crater La ke i s  s i tuated astri de a broad u pwarp of crysta l l i n e  roc ks th at  i s  presumed to extend north ­
east from th e K l amath Mou n tai ns to th e Ochoco - B i ue Mou n tai ns  u p l i ft of north east Orego n  {Pec k and 
oth ers , 1 964} . Th e poss i b l e de tec t ion of struc tures in th e c rysta l l i n e  roc ks throu gh th e i r  i nf luence on re­
giona l  gravi ty trends h as been noted previous l y  { B l a n k ,  op . c i t . } .  A second major set of reg i ona l  struc ­
tura l e l emen ts i s  represen ted b y  vents o f  th e Western a n d  H i gh Cascades , w h i ch i n  a broad sense l i e  i n  
north -south trendi n g  bel ts th at are pro ba b l y  re l ated t o  deep fracture zones that  c h a n ne l ed asc end i n g  m agma 
{ Pec k and oth ers , op . c i t . } .  A th i rd set of reg i o n a l  s truc tura l e l ements consi s ts of northw est-trendi ng 
sh ear zones i n  areas east of Crater La ke . O ne of th e best doc umented of  th ese stru c tures is th e Brothers 
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fau l t  zone ,  mapped by Wal ker and others ( 1 967) in the east h a l f  of the Crescent 1 : 250, 000 quadrang l e .  
Northwest trends predomi nate i n  th e geophysi ca l  data , as w i  I I  be seen short ly . 

A e r o m a g n e t i c S u r v e y  

The aeromagnet i c  survey of the Crater Lake region was carri ed ou t by th e Geo logica l Survey dur i ng 
the summer of 1 965 under th e d i rection  of J .  L .  Meusch ke . The equ i pment used consi s ted of a f l uxgate 
magnetometer mode l  AN/ASQ - 1 0 mounted i n  the tai l of a Conva i r  CV-240; the basic system and proce­
dures were si mi l ar to those descr i bed by Ba l s l ey ( 1 952) . Cont inuous ana logue tape record i ngs of the tota l 
magnet ic fi e l d  i ntensi ty at an e l evat ion of 9000 feet above sea l eve l were made a long east-west l i nes 
spaced at i n terva l s  of about l mi l e ,  w i th north -south contro l l i nes at wi der i n terva l s  for accurate reduc­
tion t o  a common datu m .  I nstantaneous posi ti on o f  th e aircraft was ascerta i- ned by  referr ing  fiduc i a l  marks 
on the readou t chart to correspondi ng marks on conti nuous stri p photograph s .  However , d i ffi c u l ty was ex­
per i enced w i th regi stration of the fiduc i a l  marks due to camera ma l fu nct ion , l eadi ng  to some uncertai nti es 
i n  horizonta l  pos i tion; i ndi v idua l  profi l es may be trans l ated somewh at from th eir  true  posi tion a l ong a 
f l i gh t  l i ne . Si nce th i s  survey was made , th e a i rcraft has been equi pped wi th a comp l etel y  au tomated d ig­
i ta l  record i ng system and Dopp l er navi gation (Evernden and others , 1 967) .  

A tota l i n tens i ty magnetic contour map w i th a contour i nterva l of l 0 gammas ( l  gamma = l o-5 oer­
sted ) and datum arbi trary is presented in fi gure 4 .  F l i gh t  paths are i nd icated by dashed l i nes . The co l or 
pattern has been chosen to emphasize gross l eve l s  of i n tensi ty . 

The gradi ent produced by the earth ' s  mai n fi e l d  has not been removed; i n  the Crater Lake reg ion ,  
th i s  amounts to  an i ncrease of about 8 gammas per mi l e  northeaster ly  (rough ly N .  33° E . ) , so  that the map 
may be consi dered as t i l ted up in that di rect ion . 

Comparison of th e aeromagneti c map w i th the si mp l i fi ed topograph ic  map of fi gure 2 revea l s  at best 
an errat ic corre l ati on . The magnetic response due to m i nor topograph i c  features is  strong l y  dependent upon 
the i r  l ocation re l ati ve to traverse l i nes; the effect of some topography is " fi l tered out"  as a resu l t  of the 
] -mi l e  traverse spaci ng . Other features produce a neg l i gi b l e  response even when d i rec t l y overf l own . 
Th i s  can be attr i buted to weak po l ari zation of the near-surface rocks , or , i n  the case of mafi c c i nder cones ,  
to l ow dens i ty and l a c k  o f  coherent  effec t o f  th e permanent po l ar ization . 

One of th e most si gn i fi cant charac ter i sti c s  of th e map i s  the northwest and,  to a l esser extent ,  north ­
east gra in  of posi ti ve anoma l i es wi th l ong spati a l  wave l e ng th . Th e trends are probab ly  rea l , bu t they are 
l oca l l y  d i s torted by arti fi c i a l  "ch evron "  effec ts re l a ted to the horizonta l  posi t ion uncerta i nty and are 
further obscured by the contr ibuti ons of l oca l  or parti cu l ar l y  i n tense souces; h ence they must be i n ter­
preted w i th cau tion . Long wave l e ngth anoma l i es are genera l l y  assoc iated w i th deep ly  bur i ed magneti c 
sources . I t  appears that the di stri bution of magnetic mater ia l  at depth i s  pr imar i l y  con tro l l ed not by north ­
south struc tures assoc iated w i th H i gh Cascades l i neaments ,  but by struc tures oriented more near l y  para l l e l 
to the Brothers fau l t  zone , and by oth er structures more or l ess para l l e l  to the axi s  of th e K lamath Moun­
tai ns crysta l l i ne be l t .  

A northwest-a l i gned magnet ic  h i gh correspondi ng rough l y  to a topograph i c  h i gh extends across th e 
center of the map to th e northwest wa l l of th e Crater Lake ca l dera , where i t  terminates i n  a sharp magneti c 
disconti nu i ty .  Th i s  seems to i mp l y  th at a b l oc k  of magneti c " basement" has been truncated by a fau l t  near 
the ca l dera margi n .  The fau l t  wou l d  trend northeast and wou l d  i ntersect th e "north ern arc of vents "  de­
scri bed by Wi l l i ams (op .  c i t . ) .  S i mi l ar magneti c features are charac terist i c of ca l deras surveyed in J apan 
(B l ank  and others , 1 966); i t  h as been specu l ated that they represent deep-seated tensi ona l  fractures whi ch 
promoted the rapid egress of magma . 

The magnetic pattern assoc iated w i th Crater Lake i s  to some extent  mod i fi ed by the effect of the ca l ­
dera topography . Th i s  effec t shou l d  be strongest over the south ri m for a perfect l y  symmetri c a l , un i form l y  
magnetized ca l dera , but here i t  i s  exaggerated because the north ri m i s  lower . Mount  Scott and th e Wiz­
ard I s l and l ava fi e l d  a l so produce  dist i nct anoma l i es .  

Severa l  l arge posi ti ve anoma l i es w i th more or l ess c i rcu l ar symmetry command attention . The three 
of greatest amp l i tude -- 1 000 to 1 500 gammas above datum -- are assoc i ated w i th th e H igh Cascades vol ­
canoes Mount  Bai l ey,  Mount  Th i e l sen , and Un ion Peak . These anomal i es are too broad w i th respect to the 
terrai n c l earance to be the resu I t on l y  of topography; moreover , the crest of the anoma ly  i s  about l mi l e  
south o f  the summi t of the vo lcano i n  each case . I t  i s  possi b l e  that they are produced b y  a hypabyssa l mafic 
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i ntrus ive compl ex centered beneath the vol canoes , th e depth to the mai n sources account i ng for the l arge 
sou ther ly  d i sp lacement of the anoma l i es ,  and that th e topograph i c  contr i bu tion i s  subordi nate . The known 
presence of mafi c i ntrusi ve rock in th e vents of these vo l canoes l e nds a measure of support to th i s  i nterpre­
tati on . A fourth l arge posi t ive anoma ly w i th a l most perfec t symmetry i s  located 6 mi l es west of Un ion Peak 
and is not re l ated to a we l l -defi ned vol can i c edi fi ce . Th i s  may be assoc ia ted wi th a sh i e l d  vo l cano of th e 
o l der H igh Cascades sequence,  or w i th an eruptive center that is compl ete l y  concea l ed .  

The magnetic l ows i ndi cated by c l osed hachured contours on the tota l i n tensi ty map are i n  some cases 
si mp ly  po l ar ization l ows l ocated on th e north s ide of pos i t ive anoma l i es because of the north er l y  magnet ic  
i nc l i nation . However , two l arge negat ive anoma l ies l ocated respec tive ly  northeast of  Crater Lake and 
sou thwest of D iamond Lake probab l y  cannot be exp l a i ned who l l y  on th i s  basi s . They appear to represent 
structura l depressions ,  or a l ternative l y ,  masses of i nverse ly  po l ar i zed roc k .  No i nverse l y  pol ari zed roc ks 
have yet been reported from th e Crater Lake area , a l though th ey are known  to be present i n  the l ower part 
of the H i gh Cascades sequence farther north {A . R .  Mc Birney ,  ora l communi cati on} . 

A sharp northwest-or iented magneti c l ow near the sou th ern border of th e map i s  a l so di fficu l t  to ex­
p l ai n  by normal po l ar i zation a l one . Whatever i ts source ,  the l ow is rather we l l  a l i gned wi th an offset of 
the H i gh Cascades range front . Th ese features may be contro l l ed by a northwest-trendi ng fau l t  zone . 

G r a v i t y  S u r v e y 

Al together some 300 gravi ty observat ions were made i n  the Crater Lake regi on , as defi ned here , dur­
i ng th e summers o f  1 962, 1 963, and  1 965 . Observed gravi ty for most stat ions was referred to th ree pri mary 
base stati ons located at Prospec t ,  Di amond Lake, and Fort K l amath , as we l l as to a network of auxi l i ary 
base stat ions ,  i nc l udi ng a stat ion conven i en t l y  located on the concrete porch of the Crater Lake Nati ona l 
Park headquarters bui l di ng .  The base net i s  u l t imate l y  t i ed to an assumed va l ue of 980, 236 . 5  mga l s  for 
observed gravi ty at the Woo l l ard ( 1 958} a irport stat ion at Medford . Al l data have been reduced w i th the 
a id  of an e l ectron ic  compu ter to Bouguer anoma ly  va l ues based on the I n ternat ional  e l l i pso id . A standard 
densi ty of 2 . 67 and an a l ternati ve densi ty of 2 . 45 gm/cm3 were used i n  th e reduct ion . 

Terrai n correcti ons for 1 962 and 1 963 stations were made usi ng th e computer method of Kane ( 1 962} 
w i th 2-km i nstead of 1 -km un i t squares . I n  th i s  method the effec t of topography i n  the i n terva l  between 
two squares of si des 80  x 80 km , and 4 x 4 km , centered abou t each stati on ,  i s  computed by mach i ne ,  and 
the effect of topography w i th i n  th e i n ner square i s  computed by hand . Th e i n ner square was assumed equi ­
va l ent  to Hayford-Bowie  zones A-F; th i s  approximati on i n troduces very smal l (genera l l y  l ess than 0 . 1 mga l }  
errors i nto the to ta l correct ion . Terra i n  correc tions for 1 965 stations {about 20} were done b y  hand for 
Hayford-Bow i e  zones A through L p l us � M, so that they are on ly  approxi mate l y  equ iva l ent  to those done 
by Kane ' s  method . Where terra i n  effec ts are l arge th e uncerta i nty of the ca l c u l at ion is l i kew ise l arge . 
The maxi mum uncerta i nty i n  the terrai n correc tions app l i es to stat ions on the ca l dera r im  or l a ke shore , 
and amou nts to about 2 mga l s ,  wi th th e exception of the correc t ion for Mount Th i e l sen ( ±  5- 1 0 mga l s) . 
For i nner zone correc t ions i nvo lv i ng  water compartments in Crater Lake the deta i l ed bathymetr ic  chart pub-
1 ished by Byrne ( 1 962} was employed . 

The compl ete Bouguer anoma ly  map of figure 5 i s  based on a reduction  densi ty of 2 . 45 gm/cm3 . 
N i nety-fi ve percent of th e compl ete Bouguer anomal y va l u es are be l i eved accurate wi thi n � contour i nter­
va l (2� mga l s) .  As in th e case of the magneti c map , co lor i s  used to enhance  broad gravi ty contrasts . 

Maxi mum gravi ty re l i ef shown by the map i s  about 35 mga l s . Much of th i s  re l i ef is expressed as a 
negat ive grad ient  directed easter l y  to north easter l y  across the region , wh ich  tends to mask th e weaker l o­
ca l  features . 

Gravi ty contours i n  th e H i gh Cascades south of Crater Lake trend more or l ess north -south para l l e l  
to the eastern marg i n  o f  the range (probab ly  a fau l t- l i n e  scarp} ,  the Bouguer va l ues fa l l i ng off to a l ow 
over th e a l l uv ia l  fi l l  of K l amath basi n .  North of Crater Lake the pattern abrupt l y  changes: contours gen­
era l l y transect the range , and northwester l y  trends prevai l .  A northwest-trend ing  posi t i ve anoma ly  i s  as­
soc iated w i th the d i vi de between the K l amath basi n and K l amath Marsh . I ts axi s i s  s l i gh t l y  north of th e 
axi s of the correspondi ng posi t ive magnetic anoma l y . Th i s  feature extends as far northwest as the v i c i n i ty 
of Crater Lake,  where i t  merges w i th a d i sti nct h i gh associ ated w i th the mai n mass of Mount  Mazama, south 
to sou theast of the cen ter of the ca l dera . The northwest ri m of th e ca l dera l i es w i th i n  a north east-trend ing 
gravi ty embayment rough ly  coi nc ident  w i th the magneti c di sconti nu i ty .  Thus  the gravi ty data are consi stent 
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wi th th e concept o f  a northwest-trendi ng "basement" struc ture tru ncated by  a north east-trend i ng struc ture 
at the cal dera . Th e nature of th i s  structure remai ns a matter of specu l ation . I t may consi st of no more 
than upwarped or up-fau l ted rocks of the o l der H i gh Cascades sequence . 

Because of th e very l arge topograph i c  re l i ef i nvo l ved , th e detai l ed confi guration of the anoma ly  
assoc iated w i th the Crater Lake ca l dera can  be a l tered somewhat by  se lec ti on of a di fferent reduction  
densi ty . The use  of a l ower reduc t ion dens i ty wi  I I  i ncrease th e e l evat ion fac tor and h ence decrease th e 
consi stent di screpancy between Bouguer anoma l ies on the l akeshore and proxi ma l  poi nts on the r i m .  Nev­
erth e l ess the anoma ly associ ated w i th Mount Mazama remai ns posi ti ve w i th respec t t o  th e reg iona l back­
ground . Th i s  anoma ly  may be due  to the presence of  unusua l l y l arge quant i ti es of i n trusive rock ,  probabl y 
dac i te ,  at sha l l ow l evel s wi th i n  the comp lex . A weak negative anoma l y  i s  superi mposed on th e mai n 
gravi ty fi e l d  near the center of th e ca l dera , and other m i n ima occur to the north and north east . These 
features probab l y  refl ect l oca l  accumu l ations of l ow densi ty pyroc l astics . 

Mounts Bai l ey and Th i e l sen ,  i n  contrast to Mount Mazama,  appear to be assoc iated wi th negati ve 
gravi ty anomal i es ,  of amp l i tude as much as 1 0  mga l s . This i nd icates a l ow bu l k  densi ty re l at ive to th e 
reduct ion densi ty of 2 . 45 gm/cm3 and suggests that i ntrusi ve materi a l  i n  these vo lcanoes i s  subordi nate . 
I n  the case of Un ion Peak no gravi ty effect was detec ted , but here th e vo l cani c edi fic e  i s  much sma l l er .  

The broad negat ive gravi ty anoma l y  west of Un ion Peak i s  a l most exact l y  coi nc ident  wi th the c i r ­
cu l ar magnet ic anoma l y  di scussed ear l i er .  The fact  that th i s  i s  both a grav i ty and  magneti c feature makes 
i t  an i nvi ti ng target for fu ture i nvesti gati on . 

C o n e  I u s i  o n s  

Reg i ona l  gravi ty and aeromagnet ic su rveys have show n  that Crater Lake l i es i n  an area strong ly  i n­
f l uenced by northwest-trendi ng , and to a l esser extent,  by northeast-trend i ng l i neaments; north -south 
trend ing  l i neaments associ ated w i th the H i gh Cascades have l i tt l e  or no geophysi ca l  expressi on . The north ­
west set may be part of a sh ear zone re l ated to th e Broth ers fau l t  zone,  or i t  cou l d  represent a western ex­
tension of Basi n-Range norma l fau l ti ng; the northeast set may ref l ec t  ei ther deep l y  buri ed structures i n  th e 
K l amath Mounta ins  be l t  or tensi ona l  struc tures associ ated w i th sheari ng . A promi nent  northwest-trendi ng 
gravi ty and magnet ic l i neament enter i ng Crater Lake from the sou theast is apparent l y  truncated near the 
northwest wa l l  of th e ca l dera by a major north east-trend ing  struc ture . Th e l ocat ion of Mount Mazama at 
such a structura l i n tersection may have fac i l i tated th e rapi d ri se of magma which l ed to i ts u l t ima te en­
gu l fment . 

Severa l  H i gh Cascades vo lcanoes are compared w i th respec t to the ir  gravi ty and magnetic s ignatures . 
Mount Th i e l sen and Mount  Bai l ey have a strong magneti c effect,  attri butab l e  at l east i n  part to mafic i n­
trusi ve rock beneath th e vo l can i c  edi fi ce; and each i s  a l so assoc i ated w i th a grav i ty l ow because of i ts 
re l a ti ve ly l ow bu l k  densi ty . Un ion  Peak does not perturb th e gravi ty fi e l d ,  possi b l y  because i t  i s  i n  a 
more advanced stage of d i ssecti on and l acks a th i c k  mant l e  of l ow densi ty pyroc l asti cs , bu t i ts magneti c 
express ion i s  c l ose to that of th e others . Moun t  Mazama has a weaker magneti c express ion bu t produces 
a grav i ty h i gh; th i s  may be accounted for by the presence of weak ly  magnetic dac i te i ntrusi ves at sha l l ow 
depths w i th i n the edi fi ce ,  a l though i t  is possi b l y  due to the andesi te pi l e  a l one . 

A posi t ive magneti c and negati ve gravi ty anoma ly  w i th c i rcu l ar symmetry i n  the H i gh Cascades west 
of Union Peak may be associ ated w i th an as yet un known o l der vo l cani c center . 
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COMPOSITIONAL VARIATIONS 

OF THE CLIMACTIC ERUPTION OF MOUNT MAZAMA 

By Al exander R .  McBi rney* 

Mount Mazama, the ancestra l mou nta i n that now contai ns Crater Lake, is probab l y  the best known of the 
Cascade vo l canoes and i l l ustrates better than any oth er the composi t iona l vari ati ons that  character ize the 
Quaternary roc ks of th e sou thern part of the range . As Wi l l i ams { 1 942) has shown , th e vol cano grew to 
i ts fu l l  he i gh t  duri ng a l ong period of eruption of un i form pyroxene andesi te . I n  the l ater stages of i ts 
evo l ut ion , more si l i ceous andesi tes , dac i tes , and rhyodac i tes were d i scharged from a semi c ircu l ar arc of 
vents arou nd th e northern s l opes c l ose to th e present r im of Crater Lake . Th e composi tion of th e l avas 
a long th i s  fissure vari es systemati ca l l y  from rhyodac i te and dac i te a l ong th e centra l port ion { L i ao Rock  and 
the C l eetwood and Redc loud f lows ) to andes i te at the two extremi t ies (H i l l man Peak  and th e Watchman 
on the west and Senti ne l  Roc k on the east) . At the same ti me,  dac i te domes were extruded near the east­
ern base and basa l t i c  c i nder cones broke out over a w ide area , mai n l y  around the l ower northern s l opes . 

The produc ts of the great eruption that l ed to formation of the ca l dera c l ose ly  resemb l e ,  at l east i n  
bu l k  composi tion , the con trasti ng rocks o f  th e precedi ng stage . T h e  rhyodac i te pumi ce that  makes up th e 
first pumi ce  fa l l  and most of th e g l ow i ng ava l anche deposi ts i s  very s imi l ar to th e obsi di an of the ear l i er 
domes a l ong the nor th ern arc of vents , whi l e  th e basi c hornb lende scor ia  that was erupted at the c l ose of 
the erupti on c l ose l y  resembl es in i ts bu l k chem ica l  composi tion th e basa l ti c  l avas of the ear l i er sate l l i te 
cones around the base . F i na l l y ,  the vo l cano reverted to andesi te l avas w i th th e post-ca l dera activi ty 
that formed Wi zard l s i  and . 

Vari ations such as those i n  th e produc ts of the c l i mact ic eru pti on of Mount Mazama have been re­
ported from oth er ca l dera-formi ng eruptions (Li pman and others , 1 966; Katsu i ,  1 963; Ri ttman , 1 962) , 
but none of these show the abrupt change from ac i d  pum ice  to basi c scori a seen at Crater Lake . The 
spec tacu l ar sect ion of th e g l ow i ng ava l anche deposi t at Th e Pi nnac l es {figure l )  shows the change especi ­
a l l y we l l .  A sudden transi t ion from wh i te dac i te pumi ce  to dark brown hornb l ende scor ia occurs w i th i n 
a verti ca l  di stance of l ess than two feet . There i s  no evi dence that th i s  change marks a break i n  the con­
t inu i ty of the eruption . The contrasti ng magmas must  have been discharged conti nuous l y  from a compo­
si t iona l l y  i nhomogeneous magma reservo i r  beneath the vo lcano . 

I n  order to re late the nature of th i s  change to the erupti ve sequence , ana l yses have been made of 
a seri es of samp l es of the ai r-fa l l  pum ice  and g l ow ing  ava l anche deposi ts .  Two anal yses were made for 
each samp l e ,  one of the bu l k  rock and another of i ts g l ass .  The ana lyt ica l resu l ts ,  reca l c u l ated on a 
water-free basi s ,  are presen ted i n  tab l e  1 and summarized graph i ca l l y  i n  f igure 2 . 

The most obv ious conc l usi on to emerge from th i s  data is that the gross features of the seri es are to a 
l arge degree the resu l t  of di fferences i n  the abundance and composi t ion of phenocrysts; the vari ati on i n  
the g l ass i s  much sma l l er than that of the to ta l roc k .  Tota l -roc k S i02, for examp l e ,  drops a l most 1 5  per­
cent from the a i r-fa l l  pum ice  to the basi c scori a ,  wh i l e  the g l ass in the same samp l es di ffers by on ly  about 
6 percent . 

The crysta l content vari es w ide ly  from one samp l e  to the next , bu t there i s  a much greater average 
abundance of crysta l s  in the basi c scoria  than i n  the dac i te  pumi ce . The p l ag ioc l ase of the pum ice  i s  
most ly l abradori te zoned to o l i goc l ase; i n  th e scor ia  i t  i s  somewhat more basi c - l abradori te o r  bytowni te 
zoned to andesi ne . In most pum ice  samp l es ,  hypersthene is the most common dark mi nera l , but aug i te i s  
a l so present and hornb lende i s  common . Pyroxenes are much  l ess important i n  the bas i c  scor ia  than i s  
hornb l ende , wh i ch i n  some samp l es consti tu tes near l y  h a l f  o f  th e vo l ume . Some o f  th e hornb l ende crysta l s  

* Center for Vo l cano l ogy , Un i versi ty o f  Oregon ,  Eugene, Oregon . 
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Figure l .  The Pinnacles, Crater Lake National Park. 
View of glowing avalanche deposits i n  Sand Creek. Pumice was erupted at the 

later stages of the cl imactic eruption of Mount Mazama and changed composition abruptly 
from rhyodacite {light colored pumice in lower section) to crystal-rich hornblende scoria 
{dark colored layer at top of section). {Oregon State Highway Dept. photograph 5301 . )  



Tab l e  1 .  Chemica l  composi tion  of products of the c l i macti c eruption  of Mou nt  Mazama .  

1 g  2 2g 3 3g 4 4g 5 5g 6 6g 

S i 02 72 . 07 73 . 65 70 . 71 72 . 70 70 . 25 71 . 82 69 . 70 72 . 30 57. 36 67 . 89 56 . 53 67 . 25 

Ti 02 0 . 48 0 . 37 0 . 54 0 . 49 0 . 58 0 . 49 0 . 57 0 . 51 1 . 05 0 . 67 0 . 76 0 . 8 1  

AI 203 1 5 . 04 1 4 . 52 1 5 . 00 1 4 . 48 1 5 . 2 1 1 5 . 07 1 5 . 46 1 4 . 46 1 8 . 46 1 6 . 08 1 9 . 96 1 6 . 74 () 
0 
� 

Fe203 1 . 1 8  0 . 49 1 . 80 1 . 1 2  2 . 08 1 . 33 2 . 09 - 3 . 58 1 . 79 2 . 78 1 . 36 "C 0 
Vl 

FeO 1 . 39 1 . 52 1 . 05 0 . 84 1 . 1 4 0 . 89 0 . 94 2 . 20 2 . 80 1 . 62 2 . 82 2 . 3 1  -1 
0 

MnO 0 . 03 0 . 02 0 . 04 0 . 03 0 . 07 0 . 06 0 . 04 0 . 02 0 . 08  0 . 07 0 . 1 5  0 . 07 z 
)> 
r-

MgO 0 . 28 0 . 22 0 . 55 0 . 3 1  0 . 6 1  0 . 44 0 . 6 1  0 . 32 3 . 71 0 . 87 3 . 80 1 . 03 < 
)> 
:;:o 

CaO 1 . 67 1 . 1 6 2 . 40 1 . 78 2 . 33 1 . 91  3 . 00 1 . 45 7 . 1 7  3 . 29 8 . 29 2 . 80 ); 
-1 

Na20 5 . 07 5 . 08 5 . 07 5 . 1 0  4 . 93 5 . 02 4 . 87 5 . 63 4 . 1 8  5 . 21 3 . 84 5 . 41 0 
z 
Vl 

K20 2 . 72 2 . 92 2 . 77 3 . 09 2 . 68 2 . 89 2 . 65 3 . 05 1 . 30 2 . 24 0 . 99 2 . 04 0 
-n 

P205 0 . 06 0 . 04 0 . 08 0 . 06  0 . 1 1  0 . 07 0 . 08 0 . 06  0 . 30 0 . 25 0 . 07 0 . 1 9  � 
0 c 

1 . Ear l i est a ir-fa l l pumice z 
-1 

2 .  Basa l pum ice  depos i t  i n  Sand Creek � 
3 .  Wh i te pumi ce  1 5  feet above the creek bed at The Pi nnac l es )> 
4 .  Gray pumi ce  25 feet above th e creek bed at The Pi n nac l es N 

)> 
5 .  Dark basi c scor i a  35 feet above the c;reek bed at Th e Pi nnac l es � 6 .  Dark basi c scor i a  at top of sec tion at Th e Pi nnac l es 

N OTE :  Al l ana lyses reca l cu l ated on  water-free basi s .  For each samp l e  the compos i t ion i s  g i ven for t he  tota l rock 
and g l ass ( ind icated by ' g ' ) . (Ana lyses by Ken- ich i ro Aoki , Tohoku Un ivers i ty ,  Japan . )  

01 
01 
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F igure 2 .  Vari ati on of maj or e l ements i n  th e e jecta of the c l i macti c eruption 
of Mou nt Mazama . Oxi de wei ght percent  on a water-free bas is  is p l otted 
agai nst th e approxi mate stratigraph i c  posi ti on of the samp l e in the sect ion 
at The Pi nnac l es . Broken l i ne refers to tota l -rock and so l i d  l i ne to g l ass . 

contai n sma l l grai ns of o l i v i ne . 
There is no evi dence of resorption of the crysta l s  of e i th er uni t ,  a l though some of th e p l ag ioc l ase of 

the daci te pumi ce  i s  extreme l y  porous and resemb l es that of parti a l l y  fused p l u ton ic  xeno l i ths that were 
among th e debr i s  d i scharged toward th e c lose of  th e erupt ion {Tay lor ,  1 967) . 

The composi ti onal di fferences of the g l ass fracti ons , even though they are l ess marked than those of 
the tota l roc k ana l yses , are si gn i fi can t .  They appear to requ i re moderate l y  strong verti ca l  zon ing  of  the 
l i qu id  i n  the magma chamber before th e eruption . Passi ng  downward to deeper l eve l s  in the chamber, 
there was a decrease of si l i c a  and a l kal i s  and an i ncrease of  ca l c i um ,  i ron , and magnesi a .  The greatest 
part of th i s  var i at ion was compressed wi th i n  a narrow verti ca l  i nterva l  correspondi ng to th e v i si b l e  trans­
i ti on from wh i te dac i te pumi ce to dark basi c scori a .  

An i nteresti ng feature of th i s  vari at ion i s  th e reversa l of s l ope that  i s  seen i n  the var iat ion curves 
for Si 02, AI 203, CaO , Na20 ,  and K20 .  These i nf l ecti ons are confi ned to th e g l ass and do not appear 
i n  the correspond ing  bu l k  composi tions . Th e comp l ementary nature of the Si 02 and AI 203 and of the 
CaO and a l ka l i s  suggests th at th e transi ti on zone may have been d i ffusi on contro l l ed and re l ated in some 
way to th e equi l i bri um re l ations of each l iq u i d  to p l agioc l ase . I t  i s  c l ear , of course,  that many fac tors 
such as temperature and pressure grad i ents ,  di stri but ion of water , and re l ati ve movement  of crysta l s  and 
l iqu id  must have i nf l uenced the composi t iona l  var iat ions,  but our meager know l edge of th e effec ts of these 
fac tors on th e physi ca l  and chemi ca l  behavi or of si l i cate l i q u i ds ru l es ou t a better i n terpretat ion at thi s 
t ime . 
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NEWBERRY CALDERA FIELD TRIP 

By Michael W .  Higgins* and Aaron C .  Waters* * 

T h e C a l d e r a  W a l l  S eq u e n c e  

Mount N ewberry is an extensive shield volcano which rises from the basalt plateaus of central Oregon 
just south of Bend and about 40 miles east of the Cascade crest {figure l) . At the summit of the shield is 
N ewberry Caldera, a large, nested caldera with two sizable lakes and a variety of volcanic features on 
its floor {figure 2). 

Howe! Williams (1935) studied N ewberry Volcano in the early 1930's . Since then, numerous short 
papers have described specific features of the volcano and caldera. N ewberry has served as a training 
ground for two classes of U . S . astronauts, and as a test area for NASA's technical and analytical equipment . 

The bulk of the Newberry shield probably consists of mafic flows and cones similar in petrography 
and chemistry to those of the adjacent basalt plateaus {Waters, 1962) . However, the shield is so recent 
in age that deep canyons have not been cut into it, and only the uppermost 10 to 20 feet of rock is avail­
able for inspection over most of it. Therefore, the most significant exposures are in the walls of the cal­
dera and in the gorge of Paulina Creek, which drains the caldera. N evertheless, the creek gorge and 
the caldera walls contain a remarkable stratigraphic sequence of rocks which allows a fairly detailed in­
terpretation of the later history of the volcano, of the formation of its caldera, and of the magma-differ­
entiation which produced the rocks. Figure 3 summarizes the stratigraphic sequence and gives generalized 
petrographic descriptions of the four main units. The generalized geologic map {figure 4) and figures 5 
to 13 show the distribution and field relations of the wall rocks. 

In brief, before collapse of the present caldera, rhyolite {and minor dacite) flows were erupted, 
probably from intersecting fractures attending the beginning of collapse of an earlier caldera. They 
flowed away from the sti II shallow, subsiding caldera, but were highly viscous and moved for only short 
distances from their vents. After the rhyolite flows, andesites were erupted and flowed dawn the flanks 
of the shield . These platy andesites are found on all caldera walls, and to distances of as much as 6 miles 
from the caldera rim on Paulina Creek. N ext, the eruption of basaltic scoria, probably from the same 
vents, covered the top of the andesites. By this time the caldera was becoming deep enough to hold a 
shallow crater lake. Further eruptions from vents beneath the lake were phreatic and intermittent . They 
deposited layer upon layer of wet airborne mud, forming mafic tuffs with graded bedding. Continued ac­
tivity in the old caldera deposited a welded tuff on the east wall, basalts and andesites on the west wall, 
and scoria deposits on the south wall . Faulting on a north-south-trending zone dropped the western part 
of the summit and a part of the caldera . 

With the beginning of collapse of the present {later) caldera, a great volume of rhyolite issued 
from fissures near the present south wall to form the Paulina Peak rhyolites . 

P e t r o g e n e s i s  o f  N ew b e r r y  R o c k s  

Table l records five analyses of Newberry rocks . The analyses were done by X-ray fluorescence 
and are corrected to l 00 percent. AI though 21 analyses have now been completed on Newberry rocks, 
only the five will be reported here. Field, petrographic, and chemical evidence indicate that the rocks 
of Newberry Caldera were derived, by crystal fractionation, from high-alumina basalts like those to th e 
south, east, and southeast {figure l }  {also see Waters, 1962) . 

* U.S. Geological Survey, Agricultural Research Center, Beltsville, Maryland. 
* *  Professor of Geology, University of California, Santa Cruz . 
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Figure 2 .  Ortho-photograph of Newberry Cal dera . This photograph is base used for the geologic map 
(figure 4 ) .  The geologic nature of the various landforms can be seen by a comparison w i th figure 4 .  
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F i gure 3 .  Gen era l i zed strati graph i c  sec t ions,  N ew berry C a l dera . 
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U n i t  4 .  Mafi c tu ffs w i th graded bedd i ng :  

F i e l d  -

Ge nera l i zed 
petrography -

Buff to brow n tuff i n  graded beds 1 to 4 i nches th i c k . Over -a l l grad i n g  of u n i t ,  as w e l l ,  so th a t  coarse parts of l ower beds are 
coarser th a n  coarse parts of  beds near top af  u n i t .  Bomb sags and nature of bedd i n g  i ndi c ate depos i t ion  subaer i a l l y  as a wet mud 
from phr eat ic  exp l osions in a c a l dera l a ke .  

Coarse parts of beds consi st  o f  45 to 70 perc ent  l i th i c  fragmen ts; 1 to 4 perc ent crysta l fragments; w i th matrix of c l ays,  zeo l i tes , 
cbrbonates , and  p a l agon i te .  Of th e l i th i c  fragments ,  20 to 25 perc ent  are i de n ti c a l  to the andesi tes of U n i t  2; 5 to 1 0  percent 
are i dent i c a l  to th e rhyo l i tes of U n i t  1 ;  3 0+ percent  are coarse -gra i ned o l i v i n e  basa l ts l i ke those of th e p l a teaus to th e sou th , 
east , and southeas t .  F i ne parts of beds cons i s t  of 1 5  to 20 perc ent l i th ic fragments;  1 0  to 1 5  perc ent crysta l fragments; w i th a 
m a trix of fi ne sh ards of g l ass i n  var i ous stages of a l terat ion to c l ays , zeo l i tes,  c arbonates , and pa l agoni te . 

0. 
N 

)> z 
0 
m 
Vl 
-I 
m 
() 
0 
z 
"T1 
m 
;;Q 
m z () 
m 
G) c 
0 
m 
OJ 
0 
0 
A 



U n i t 3 .  Red scori a :  

F i e l d - Red scor i a  depos i t; commo n l y  agg l u ti nated , suggest ing  th at the h o t ,  pasty l ava came fro m a source n ear th e present  ou tcrops . 

U n i t  2 .  P l aty andesi te :  

F i e l d -

Genera l i zed 
petrograph y -

Gray , p l a ty l avas . Very fi n e  grai ned and genera l l y  nonporphyr i t i c . Stretched amygdu l es i n  some hori zons are fi l l ed w i th c a l ­
c i te a nd zeo l i tes . Tops of f l ows are common l y  scor i aceous and reddened; c e n ters are p l a ty ;  bottoms are l oc a l l y  autobrec c i ated . 

Pi l otaxi t ic  to trachyti c tex ture , n ear l y  h o l oc rysta l l i ne .  Groundmass (95 to 97 perc e n t  of rock) c o ns i sts of s trong l y  a l i g ned ande­
s i n e  and o l i goc l ase m i c ra l i tes (40 to 45 perc e nt) , aug i te granu l es (35 to  45 percen t) ,  magnet i te granu l es (4  to 1 1  percent) , 
g l ass (2 to 5 perc e n t) ,  and o l i v i n e  ( l ess th an 1 perc ent) . Ph enocrysts (O to 3 perc ent)  are p l ag ioc l ase (most abundant) -An54-B3 
cores , hypersth ene (second most abundant)  - 2V ' s  from 56° to 5� i nd ic a ti ng En65 -6B ,  and magneti te . 
G l om eroporph y r i t i c  c lo ts of p l ag i oc l ase or h ypersth e n e ,  p l ag i oc l ase and h ypersth e n e ,  p l ag i oc l ase or h ypersth e n e  and magneti t e ,  
or a l l th ree mi nera l s ,  a r e  n ear l y  a s  a bu ndant a s  t h e  ph enocrysts . S o m e  a l so have i dd i ngs i ti zed o l i vi n e .  
Sma l l xeno l i ths  are o f  same m i nera l s  as th e grou n dmass , b u t  are coarser grai n ed . 
T h e  presence of grou ndmass o l i vi ne a nd of o l i v i n e  basa l t  i nc l usions suggests th at  th e a ndesi te i s  a d i fferent i ate fro m  basa l t .  

U n i t  1 .  O l der rhyo l i t e  and dac i t e :  

F i e l d  -

Genera l i zed 
petrograph y -

Three m a i n  var i e t i es make up th e u n i t ,  l i sted i n  order of a bu ndanc e :  ( 1 ) gray, p l aty rhyo l i tes; (2) w h i te , mass i v e  rhyo l i te; 
and (3) pi n k ,  mass ive  rhyo l i te .  Sph eru l i tes , brecc i a  zones , and obs i d i a n  l ayers l oca l l y  prese n t .  

( 1 ) Gray, p l a ty rhyo l i te :  Grou ndmass (92 t o  9 4  perc ent o f  roc k) i s  a dense m a t  of t i ny fe l dspar (? ) crysta l l i tes a n d  oth er rou nd 
and o b l ong crysta l l i tes . H emati te streaks fo l l ow p l a ty parti ngs . Mi crol i tes of p l ag ioc l ase (4 to 6 percent) are a l i g n ed para l l e l  
to p l aty parti ngs . Most are An 1 0- 1 B . Some magnet i te presen t ,  and  rare a l ka l i fe l dspar i n  i rregu l ar b l e bs .  
Ph enocrysts are p l ag i oc l ase (2 to 3 perc ent) most l y  i n  bro ken crysta l s ,  w i th cores of An22_33 and r i ms of An 1 6 -30 · Oxi d i zed 
h y persth ene ,  2V ' s  of  5?0 to 59° , i nd i c a t i n g  En65-6B is a l so prese n t .  Au g i te is a rare const i tuen t .  
(2) Wh i te ,  massi ve rhyo l i te :  groundmass o f  c l ear g l ass (20 to 3 0  percent)  c rowded w i th t i n y  b l ebs a n d  c rysta l l i tes o f  p l ag i oc l ase(? ) .  
I rr egu l ar patc h es of a l ka l i  fel dspars and s i l i c a  m i nera l s  are present . F l ow -a l i gn ed m i c ro l i tes of  sad i e  p l ag i oc l ase para l l e l crys­
ta l l i te a l ignmen t .  
Ph enocrysts ( 1  to 2 perc e n t) are p l ag i oc l as e ,  An 25-30 cores , An 1 0- 1 2  r i m s . 
(3) Pi n k ,  mass i ve rhyo l i tes: Grou ndmass (90 to 92 perc e n t) . Most (BO to 85 perc ent)  i s  a mesh of t i ny p l ag i oc l ase (? ) crysta l ­
l i tes . Regu l ar l y  d i spersed through th e mesh are redd i sh m argari tes ( 1 5 to 20 perce n t) . 
Phenocrysts (B to 1 0  perce n t) are p l ag i oc l ase (6 to 9 perc ent) , An 20-24 cores , A n l 4 - 1 B r i ms .  Orthopyroxenes and g l omero­
crysts of  orthopyroxenes and magneti te or orth opyroxenes and p l ag i o c l ase compr i se 1 to 2 perce nt . Orth opyroxene h as 2V ' s  of 
56° to 58° i nd i ca t i n g  En64-66 . 
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Fig. 4 GENERALIZED GEOLOGIC MAP OF NEWBERRY CALDERA 
AND THE UPPER PART OF PAULINA CREEK GORGE 
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E ast Lake 

BASE MAP FROM AERIAL PHOTO 

EXPLANAT ION ond MAP U N I TS 
(Stratigraphic Sequence Approximate) 

� Talus, lands l i de material , and other super-� ficiol deposits.  

k??-�:/./} Pumice flats. 

Rhyol itic obsidian flows . 

Basa l tic c i nder cones and assoc iated flows. 

Newberry oshfa l l - time marker ca. 2000 yrs . B P .  

�Rhyol it ic obsidian flows. 

Ash-flow and pumice avalanche deposi ts .  

� Pumice cones and their aprons.  

[:.:\{4.)::/) Landslide material . 

�Basaltic c i nder cones and assoc iated flow s .  

Mazama ash - t ime marker c o .  66 0 0  y r s .  B .  P .  

11"?"1 Basal tic and ondesitic flows and cones of � the sh i e l d .  

� I nterlake Basal t Flow . 

� Resort Lava Flow . 

� Mafic tuff r i ngs and their aprons . 

!AI Rhyolite domes, flows, and compl exes; i n  L___:=___l port syn-caldero formation in age. 

� Basal t  flow of the west wal l .  

r�s�rr�t?�] Andesite flow and brecci a .  

ded tuff o f  the east wal l .  

� Red scoria and mafic tuff units .  (Unit 3 )  (Unit 4) 
� Platy andesite uni t .  (Unit 2) 

�Older rhyol ite and dacite unit .  (Unit 1 )  

1 2  

rr-20 

0 1 mile 1---------' 

--
----- Contact; dashed where approximate . 

,..---.,. Crater r; m .  ..... _.J 
_ _  , 

Fau l t  w i th down-dropped block marked " D " . 
(Many feu Its not shown) 

Di rection of flow of ash-flows and mafic 
lavas. 

Units l -4 always dip away from the center 
of the caldera. 
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Sketch map of the ca l dera showi ng the stops for th i s  tr i p .  

Stop 1 .  Pau l i na Creek Fa l l s  

A t  the fa l l s a red andesi te f low and brecc i a  over l i e  th e mafi c tuffs o f  the wa l l sequence (U n i t  3) . 
The tuffs are descri bed i n  fi gure 3 .  The andesi te consi sts of a frothy fl ow w i th a basal brecc ia  20 to 30 
feet th i ck . The brecc i a  i s  a bri ck-red granu l ar aggregate of fi ne ash - to b l oc k-si zed fragmen ts h igh ly  
charged w i th foreign  rock fragments . I n  th i n  section the l ava f low part o f  the un i t  i s  a dev i tr i fi ed ,  frothy 
g l ass charged w i th ti ny specks of magneti te and h emati te , and w i th p l agioc l ase and (l ess abundant) au ­
g i te m i cro l i tes . Ph enocrysts (3 to 4 percent of th e rock) are p l ag ioc l ase (2 to 3 percent) w i th cores of 
An35-37 and r ims around An32, hypersth ene ( l ess than 1 percent) w i th 2V 's  of 600 to 68° i nd icati ng 
about En68-74' and augi te ( fess th an l percent) w i th 2V ' s  of 5� to 56° i nd icati ng a fai r l y  ca l c i c  var i ­
ety . G lomeroporphyr i ti c  c l ots are a l so fai r l y  common . 

I n  the brecc i a ,  most of th e foreign roc k fragments are recogn izab l e  as com i ng from the under l yi ng 
tuff . Oth ers are from un i ts of the wa l l sequence (fi gure 3) . Some are of coarse-grai ned o l i v i ne basa l ts .  
Most o f  the fragments were probab l y  torn from the wa l l s o f  the condu i t  through wh ich th e andesi te was 
erupted . 

The brecc iat ion at the bottom of the un i t and th e extreme oxi dati on  and devi tr i f ication may i ndi cate 
that th e mafi c tu ffs were sti l l  wet when the andesi te f lowed across th em . 

Stop 2 .  Th e sequence i n  th e east ca l dera wa l l (see sketch be low) :  

Scoria 

( 2c) welded tuff 

r 
from fissure � J FiTsur� 

(2b) 

Chiefly talus  with 
scattered outcrops 
andesite 

Red scoria hidden by 
talus at thi s point 

'if --

East wa l l  
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Tab l e  1 .  F i ve anal yses of Newberry rocks . 

Ch em ica l  ana l yses 

No . 2 3 4 5 

S i02 54 . 22 56 . 23 66 . 76 72 . 87 74 . 09 

T i02 2 . 22 2 . 48 0 . 76 0 . 30 0 . 27 

A I 203 1 4 . 94 1 4 . 53 1 4 . 26 1 3 . 44 1 3 . 36 
Tota l 
I ron 1 1 . 02 9 . 3 1  6 . 03 3 . 23 2 . 96 

Fe2o3* 2 . 96 2 . 50 1 • .62 0 . 87 0 . 80 

FeO * 8 . 06  6 . 8 1 4 . 4 1 2 . 36 2 . 1 6  

MnO 0 . 21 0 . 1 6  0 . 21 0 . 07 0 . 02 

MgO 3 . 83 3 . 72 0 . 64 0 . 02 0 . 05 

CoO 8 . 35 8 . 20 2 . 87 0 . 8 1  0 . 56 

Na20 4 . 28 4 . 1 6  5 . 8 1  5 . 30 4 . 59 

K20 0 . 77 1 . 1 7  2 . 72 4 . 02 4 . 03 

P20;! 0 . 20 0 . 07 0 . 00 0 . 00 0 . 1 2  

A l l tota l 1 00 percent . 
* Ca l cu l ated on bas i s  of oxygen from tota l iron 

determ i nati ons . 

Locati ons 

No . 1 . P laty andesi te, Un i t  2 ,  
from east wa l l .  

No . 2 .  P la ty andesi te, U n i t  2 ,  
from north wa l l . 

No . 3 .  We l ded tu ff ,  from east 
wa l l .  

No . 4 .  Pi n k ,  massi ve rhyo l i te ,  
U n i t  1 ,  north wa l l . 

No . 5 .  Wh i te ,  mass ive rhyo l i te ,  
Un i t 1 ,  south wa l l . 
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The p l aty andes i tes of Un i t  2 of th e wal l sequence are found i n  the base of th e east wal l (al so see 
figure 4) . I t  i s  a short c l imb  to Stop 2a , th e l owest l edge , wh ere good ou tcrops of the andesi te can be 
exami ned . Th i s  andes i te i s  descri bed in figure 3. Ana l ys is  No . 1 ,  Tab l e  I , i s  from th i s  exposure .  From 
th i s  l edge one can see th e same. un i t in th e north ca l dera wa l l . 

The red scor ia  (Un i t  3} is obscured at th i s  parti cu l ar traverse u p  th e wal l .  I t  can be found by 
d igg i ng . 

A short c l i mb (bear ing s l i gh t ly  to th e l eft,  or north) l eads to the second l edge (Stop 2b} formed by 
ou tcrops of mafi c tu ff (U n i t  4) of th e wa l l sequenc e .  These are the same tuffs as those be l ow the fa l l s i n  
Pau l i na Creek (see fi gure 3 } . 

A few tens of yards up th e h i l l  are good outcrops of we l ded tuff (S top 2c } .  Th i s  tuff l ooks l i ke a rhy­
o l i te f low i n  ou tcrop,  except where long , devi tr i fi ed pu mice l api l l i are draped over fore ign rock  fragments . 
The tuff i s  made up  of fi ne ash , broken crysta l s ,  and l ong p i eces of f l attened pum ice  lap i l l i . Because of 
the l arge pu m ice  l api l l i  and th e h i gh degree of we ld i ng ,  i t  is though t to represen t an agg l u ti nate -l i ke 
deposi t very near th e ven t . Chemi ca l ly  i t  is a dac i te (see ana lys is  No . 3 ,  Tab l e  1 ) .  

Conti nui ng u p  th e wa l l one sees one of the chai n c raters (fi gures 2 and 4) a l ong the fissures a t  th e 
top of the east wa l l . 

S top 3 .  Toe of the Big O bs id ian  F l ow :  

Th i s  spec tac u l ar feature i s  best v iewed a nd  descri bed from the top o f  Pau l i na Peak (Stop 5) , but a 
bri ef stop to co l l ec t  spec i mens w i l l  be made . 

Across th e road are exce l l ent  exposures of th e above-water part of L i tt l e  Crater , a tuff cone bui l t  
i nto ancestra l Pau l i na Lake . 

S top 4 .  Pau l i na  Lake Ash F l ow :  

Th i s  i s  a bri ef stop to see one  roadcut  th rough part o f  th e ash f low ,  and to l ook at  th e charred l ogs 
wh i ch have been dated at 2054 ± 230 years before present . Th i s  ash -fl ow sheet emerges from under the 
front of B ig Obs idi an F l ow and covers th e area between the obs id ian fl ow and Pau l i na Lake . Long ,  sha l ­
l ow grooves and low r i dges i n  the top o f  the fl ow ,  and a progress ive l essen i ng i n  s ize o f  l argest pumi ce 
fragments oway from B ig  Obsi d ian F l ow ,  i nd icate that i t  f lowed toward Pau l i na Lake . Th e pumi ce i s  
fai n t ly  p ink and i ts tubu l es are e longated and s l i gh t l y  f l a ttened . Th ere are at  l east f ive mappab l e  un i ts 
younger than th i s  ash f low . 

S top 5 .  Pau l i na  Peak: 

From th i s  vantage poi n t  one can see th e ent ire ca l dera and the wa l l  sequence in the north , east , 
and sou th wa l l s .  A lso v i s i b l e  i s  th e break i n  th e north and sou th wa l l s  wh ich  marks the zone on wh i ch the 
western part of the top of th e sh i e l d  was dropped down w i th respec t to th e eastern part . 

A c k n o w l e d g m e n t s 

The U. S. Geologi ca l  Su rvey supp l i ed th e ortho-photograph of Newberry Ca l dera and su pported 
fi e l d  work duri ng the summer of 1 967 .  F i e l d  work duri ng th e summer of 1 966 was supported by a research 
grant from the Un iversi ty of Ca l i forni a ,  Santa Barbara . Dr . W .  S .  Wise was of great h e l p  i n  th eory and 
operation of the X-ray f l uorescence .  

R e f e r e n c e s C i t e d  

Waters , A .  C . ,  1 962, Basa l t  magma types and th eir tec ton i c  associ ations: Pac i f i c  Northwest of th e 
Un i ted States: Crust of the Pac i fi c  basi n ,  Geophys . Mon .  No . 6 ,  p .  1 58- 1 70 . 

Wi l l i ams , Howe l ,  1 935, Newberry Vo l cano of centra l  Oregon :  Geo l . Soc . Ameri ca  Bu l l . ,  v .  46 , 
p .  253-304 . 
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EJ Covered a Pau l i na Peak Rh yo l i te 

[2] � Mafic tuff, 
Ta l u s  w i th graded 

beddi ng 

0 Rhyo l i te Brown scor i a  

C i nder cone Wh i te pu m i c e  
deposi t 

B Lands I i de mater i a l  0 Red scor i a  

0 S i l l  0 Pl aty andesi te 

0 D i ke D O l der rhyo l i te 
and dac i te 

W e l ded tu ff 
O th er l i th o l og i es 
n amed on pi a tes 

F i gure 5 .  Exp l anation of symbo l s  u sed on fi gures 6 - 1 3 . 
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Panorama of part of the north wa l l  of Newberry Cal dera, showing geo logic and topograph ic  features . 
(For exp lanation , see figure 5 . )  
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(For expl an ation , see figure 5 . )  
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Figure 9 Panorama of part of the north wa l l  of N ewberry Cal dera, showing geo logic and topographic 
features . (For expl anation , see figure 5 . )  
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Panorama of the north east wa l l  of N ewberry Caldera , show i ng geo logic and 
topograph ic  features . {For exp l anation,  see figure 5 . )  
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Panorama of part of the east and part of th e northeast wa l l s of Newberry Ca ldera , 
showing geo logic  and topograph ic  features . (For exp l anat ion,  see figure 5 . )  
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Figure 1 2  
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See FiQ. 13 for detai ls  
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Photograph of th e western part of the sou th 
wa l l  of th e Newberry Cal dera, showing 
geo logic  and topograph ic features, and the 
l ocation of th e more deta i l ed panorama of 
figure 1 3 .  
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Panorama of part of th e south wa l l  of Newberry Caldera {see figure 1 2) ,  showing the wa l l  
sequence , a d ike and si l l s ,  and th e westward dow n -bending of the wal l sequence beds . 
{For expl anation , see figure 5 . )  
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GEOLOGY O F  THE MOUNT HOOD VOLCANO 

By Wi l l i am S .  Wi se * 

I n t r o d u c t i o n  

Mou nt Hood -- 1 1 , 235 feet (3 , 424 m) h igh -- i s  the parti a l l y  d issected cone of a l ate P l e i s tocene and 
Recent  vo l cano . The composi te cone i s  bu i l t  a l most en t i re l y  of pyroxene andesi te and r i ses 8000 feet 
(2400 m) above a p l atform of P l iocene andesi tes and basa l ts .  A max i mu m  e l evati on of near l y  1 2 , 000 feet 
(3650 m) was atta i ned before Fraser G l ac iat ion* *  (approxi mate l y  1 5 , 000 years ago) . Abou t 2000 years 
ago ac t iv i ty was renewed wi th the extrus ion of a hornb l ende andesi te p l ug dome . 

Th i s  part of the gu i debook descr ibes and i l l u strates th e mai n physi ca l  features of the geo logy of the 
Mount  Hood vo l cano (fi gure 1 ) .  Detai l s  of th e geo l ogy can be obta i ned from th e accompanyi ng geo l ogi c 
map . Traverse sec t ions ( on page 98 )  are provided to i l l u s trate my i n terpretat i ons of some i nd iv idu a l  
exposures . A detai l ed study o f  the petro l ogy and chemi stry i s  presented e l sewhere . 

G e o l o g y  

Ear l y  acti v i ty 

The lowest exposures a long Compass Creek ,  a deep canyon on the north s ide of the cone ,  are prob­
ab ly  the o l dest f lows of th e vo l cano . These l avas are o l i vi n e  pyroxene andesi te and appear to be i n tra­
canyon f l ows in north-fl owi ng r i ver va l l eys . They came from a vent located near th e eastern foot of a 
l arge , d i ssec ted l a te P l iocene vo l cano . Th e new vo l cano grew un ti l the o l der cone was comp l ete ly  cov­
ered . Eros ion has since exh umed part of th i s  o l der cone , wh i ch  is now exposed be l ow the termi nus of the 
Sandy G l ac i er (figures 2 and 9) . 

Severa l l ong i n tracanyon fl ows now form th e r i dges on  th e l ower f l anks of the cone . Th ese f l ows 
seem to have been erupted when th e mai n vent was l ess than 7000 feet (21 00 m) i n  e l evat ion . A few of 
these f l ows wi th l e ngth s of as much as 8 mi l es ( 1 3 km) and th i c knesses near 500 feet ( 1 50 m) represent 
h uge outpour i ngs of l ava wi th vo l umes c l ose to ha l f  a cub ic  mi l e  (2 cub ic  km) . 

Bu i l d i ng of th e cone 

Th e h igh part of th e cone i s  bu i l t  of shor ter , th i nner f lows i nterbedded wi th pyroc l ast ic  debri s . In­
d iv idua l  f l ows, exh i bi ti ng a vari ety of struc tures and shapes , revea l physi ca l  condi t ions of th e cone as 
the l ava poured down i ts s l opes . The s ix examp l es of f l ow exposures shown i n  figures 3 to 8 i nd i cate that 
at  var ious ti mes l ava f l owed down steep s lopes or fi l l ed canyons or p l owed through snow fi e l ds .  

P l a ty jo i n t i ng i s  deve l oped near th e base of most f l ows (figures 3 ,  4 ,  and 5) . Th e su bpara l l e l  ar­
rangement  of groundmass p l agioc l ase a l ong shear p l anes causes th e rock to frac ture i nto s l abs .  Down­
s l ope movement of the fl ow devel ops the shear p l anes on l y  where so l i di fi cat ion was near ly  comp l ete , i n  
most cases near the base . A crude co l umnar j o i nt i ng forms i n  the port ion of f l ows that were subj ec ted to 
l i tt l e  movement dur ing th e fi na l  coo l i ng (fi gures 4 and 5) . 

Most f l ows can atta i n  th i c kness i n  excess of 50 feet ( 1 5 m) on l y  on gen t l e  s l opes ( l ess than 8° ) .  

* Geo logy Department , Un i vers i ty of Ca l i forn i a ,  Santa Barbara , Ca l . ,  93 1 06 .  
* * Crande l l ,  D .  R . ,  Mu l l i neaux,  D .  R . ,  and Wa l dron , H .  H . ,  1 958 , P l ei s tocene sequence i n  south ­

eastern part of the Puget Sou nd l ow land ,  Wash i ngton :  Am . Jour . Sc i . ,  v .  256 , p .  384-397 .  



GEOLOGIC MAP OF MT. HOOD 
Geology by W. S .  Wise, 1 962-65 

EXPLANAT I O N  

rn::;-l A I I u vi um and mudflow L.::.J deposits in river 
vo l l eys 

G Extensive talus slopes 

� Moraines, mostly ossa­� cioted w i th active 
glaciers 

� Post-Mou n t  Hood basa l t  L.:::J and andesite 

Rocks erupted from th e  
Mount Hood volcano 

�Hornblende andesite L.:.:..:J debris fan with plug 
and breccia zone at 
Crater Rock 

�Reworked debris, post­L...:::.J g l ac i a l , portly morai nal ,  
partly water -transported 
detritus 

�Mount Hood andesite flows 

r-r\h:lPyrocl asti c deposi ts L..:.:..:!:...J i nterbedded with flows 

r-:n::"l Pre-Mount Hood andesites and L::J basalts, mostly P l i ocene 

[j] G l ac i er 

Base map from Cathedral Ridge, Timberline Lodge, and 
Government Camp U . S .  G .  S .  7. 5-mi nute quadrongl es . 
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n,e p n  i n g  u p  o f  l ava a t  the bottom o f  a steep s l ope produc es a character i s t i c ramp stru c ture . After th e 
fron t  part of the fl ow s tops ,  I ater surges of I ova are ramped (th ru s ted) over i t .  Th i s  ra mpi ng causes curved 
shear zones th at rise over the front  part of th e f l ow . Th e curved zones of p l aty j o i n t i ng in fi gure  6 i nd i ­
cate th at  that l ava must h ave p i l ed u p  i n  a deep canyon or bas i n h i gh on th e s l opes of the vo l cano . 

Large l ens-shaped zones of brec c i a  occur near th e center of many so l i d f lows l y i ng on steep s l opes , 
greater than 1 5° (see fi gure 7) .  These brec c i a  pods apparent l y  form wh erever th e l ava was too v iscous to 
f l ow smooth l y  down a s teep grad i en t . Th e top -h eavy mass deve l o ped a sh ear zone near th e center of th e 
f l ow . Th i s  resu l ted i n  th e fragmentat ion of the pasty l ava , as th e upper p l ate g l i ded over th e basa l part . 
The brecc i ated c en ter was we l ded togeth er when th e movemen t stopped , l eav i ng a so l i d f l ow w i th a brec ­
c i a  structure i n  the centra l part . 

The  i n terf l ow c l as t i c  debr is  i n  most exposures i s  at l east cru de l y  s trat i fi ed (fi gure 5) .  How ever , 
severa l f l ows over l i e  an u nbedded brecc i a  i n  wh ich  th e c lasts have a l i tho l ogy s i mi l ar to th at of the f low 
(fi gure 8) . Th i s  brec c i a  may have formed when th e l ava f l owed through l arge snow or i c e  fi e l ds .  How ­
ever , s i nce  snow i s  a good i nsu l ator , extens i ve me l ti ng  of th e snow or i c e  i s  requ i red to cause exp l os ive  
fragn'lentat ion of th e f l ow .  Th e necess i ty of  co l l ec ti n g  water probab l y  exp l a i n s  why th e f l ow and brec c i a  
assoc i a tion  i s  found o n l y  o n  th e gent l er s l opes . 

Maxi mum g i uc i a l  advance dur i ng Fraser G l ac i at ion . Th e extent of th e g l ac i ers sh own 
on th i s  map i s  based on recon na i ssance mappi ng of t i l l s ,  outwash , and str i a ted ou tcrops . 
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The top part of  the cone,  the uppermost 2000 feet (600 m) , i s  composed most l y  of th i n  f lows that  

ski dded off the top over snow and pyroc l asti c debr i s . Remnants of two shor t ,  but th i c k ,  i n tracanyon f l ows 
form Stee l C l i ff and Barrett Spur (figure 9 and traverse sec t ion E-F) . 

The remai ns of the condu i t  fi l l i ng are though t to be exposed i n  th e face jus t  north of th e summ i t  
(figures 1 0  a nd  1 1 ) .  A l though th i s  exposure was not v is i ted because of i ts i naccessi b i l i ty ,  th e i n terpreta­
tion i s  based on th e d i ps of c l ast ic  depos i ts exposed in th e u pper 1 000 feet of the cone {see th e traverse 
sec tions) . 

Sate l l i t i c  ven ts and d i ssec ti on of th e cone 

Before th e extensi ve g l ac i at ion , bu t  after th e c essat ion  of the cone bui  I di ng ,  l ava was eru pted from 
two sate l l i t i c  vents on th e nor th and north east s l opes of th e mountai n .  Severa l  f lows of o l i v i ne andesi te 
were emi t ted from each . The p l ug o.f one vent forms Th e Pi nnac l e  and i s  th e source of three f l ows . Th e 
oth er vent near C l oud Cap I n n h as been eroded by E l io t  G l ac i er and covered wi th mora i ne .  Th i s  vent was 
the source of at l east fou r  l arge f lows th at  are 1 00 feet  (30 m) th i c k  and 5 mi l es (8 km) l ong . 

T i l l s ,  weath ered to a depth of l ess than one meter , occur i n  a l l va l l eys around th e moun ta i n ,  and 
probab ly  represent  a g l ac i a l  advance dur i ng Fraser G l ac i at ion . Reconna i ssance mappi ng of ti l l s and stri ­
ated ou tcrops revea l s  the approx i mate l i m i ts of g l a c i a l  advance as show n  on  th e sma l l  map on the preced­
i ng page . 

Th e g l ac i ers retreated to the h i gh l eve l s  wh ere th ey h ave si nce carv ed basi ns i nto the cone (figures 
9 and 1 0) .  Th i s  g l a c i a l  eros ion lowered the vo l cano summi t and f l a nks severa l h u ndreds of feet,  w i th most 
mater i a l  removed from th e north s ide . 

Recent  extrus ion of a p l ug dome 

The predomi nant  feature of the sou th and sou thwest s l opes of th e mou nta i n  is a broad fan of horn ­
b l ende andesi te debri s (figu res 9, 1 2 , and 1 4) .  The fan is crude l y  stra t i fi ed w i th beds of u nsorted cl asts 
rang i ng  from sand s ize to b l oc ks 20 feet (6 m) i n  d i ameter . Many of th e l argest b l ocks exh i b i t  rad ia l  
jo i nt i ng ,  caused by  th e i r  coo l i ng a s  i so l ated fragments (fi gure 1 3 ) .  S i nce i t  i s  no t  poss i b l e  to move 
one of th ese jo i nted masses w i thout  c aus i ng fragmentati on , they must have been transported wh i l e  th ey 
were hot . 

The apex of the debri s fan i s  at Crater Rock ,  a h i gh outcrop of hornb l ende andesi te . Th i s  ou tcrop i s  
surrou nded by  a zone  of brecc i ated hornb l ende andesi te . 

A l arge number of trees were buri ed by th e debr i s  fan . Lawrence and Lawrence ( 1 959) h ave re ­
ported rad iocarbon ages for severa l of th em ,  and the o l dest ( 1 700 years) prov i des a mi n imum age for th e 
fan . 

These observations are i n terpreted as fo l l ows: About 2000 years ago a crater was b l asted out  of the 
sou thwest s l ope approx i mate l y  1 000 feet {300 m) be low th e su mmi t of the g l ac i a ted moun tai n .  A p l u g  
dome of hornb l ende andesi te was extruded from th i s  crater . A s  th e dome grew i t  came  i n  contac t w i th 
l arge amounts of snow and i ce ,  most of wh i ch  was me l ted . Th i s  excess water h e l ped th e norma l  fragmen­
tation  of the cone and mobi l i zed s l urry f l oods, mudf l ows , and hot  ava l anches down the s l ope . Repeated 
sheddi ng of debris bu i l t  th e smooth debr i s  fan (figure 1 5) .  

Norma l ru noff cu t  a canyon , ancestra l to th e u pper Wh i te R iver, i nto th e fan (fi g ure 1 5) .  Rem­
nants of part i a l  refi l l i ng of th i s  canyon can be observed in  the Wh i te R iver canyon near Ti mber l i ne Lodge 
(fi gure 1 6) .  Contemporaneous erosi on a l so took p l ace  i n  th e Zi gzag Canyon and Sandy R i ver canyon . 
Th ese th ree r i ver va l l eys are choked w i th horn b l ende andes i te debris carri ed by mudf low s .  

When act i v i ty ceased , eros ion  removed a l l  l oose fragments from the dome . T h e  so l i d  port i on , 
Crater Roc k ,  i s  a l l tha t  remai ns . Eros ion h as a l so been ai ded by rock a l terat ion around th e p l ug by fuma­
ro l i c  gases . East and nor theast of Crater Rock there are at presen t  at l east 20 fu maro l e  vents (fi gure 1 7) .  
Temperatures range from 50" to 85° C .  Gas ana l yses by Ph i l l i ps ( 1 935) average 98 . 7  percent  H 20 ,  1 . 2 
percent  C02, 0 . 03 percent  H 2S ,  and 0 . 003 percent  H2 . 
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Figure l .  Mount Hood and the upper Sandy River canyon . Thin late Pl iocene 
basal t  flows and tuffs crop out in center foreground and under the 
lowest waterfal ls .  Overlying the basalts ore light-colored Mount 
Hood pyroclastic rocks (center). Mount Hood andesite flows form 
al l  high outcrops. The Reid Glacier breaks over a Iorge outcrop 
of ondesi te and feeds the Sandy River. Remnants of the Recent 
hornblende andesite debris fan form the white bedded deposit in 
lower right. 
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Figure 2. Stereo view of the Sandy Glacier volcano and Mount Hood andesite dikes (west side of 
Mount Hood). The bore slopes and the Iorge exposure in the background expose thin basalt  
flows and tuffaceous breccias of a late Pliocene volcano . Two Iorge, tabular dikes, cut­
ting the old flows, rise 200 feet (60 m) above the slopes. The upper part of the exposure 
is overlain by two Mount Hood andesite flows . 

Figure 3.  Andesite flows exposed under the Newton-Clark Glacier (east side of Mount Hood). Four flows 
i n  this view hove a total thickness of 200 feet (60 m). The second flow from the top is tenta­
tively correlated with the top flow of figure 4. 
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Figure 4. Stereo view of four flows forming Lamberson Butte {east side of Mount Hood).  Outcrops 
of the lo-.yest flow ore partially obscured by brush and talus. The second flow has bold 
outcrops with columnar jointing and a planar lower surface. The third flow crops out 
in the tree-covered area in upper left. The highest flow has bold outcrops with colum­
nar and irregular jointing. Its contact with the third flow appears curved, because the 
flow fil led a canyon cut into earlier flows. This canyon was situated diagonal ly to the 
present one. Each of these pyroxene andesite flows is at least 200 feet {60 m) thick. 

Figure 5.  Two andesite flows near Slide Mountain {southwest flank of Mount Hood). The large flow has a 
platy jointed zone 7 feet {2 m) thick between the upper, columnar-jointed pa-t and the basal,  
blocky jointed part. The larger flow is on a JO slope. The lower flow {10 feet [3 m] thick) is 
on a 4° to 8° slope. Interbedded clastics are sands and gravels with few large boulders deposited 
on 5° to JO slopes. 
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Figure 6. Stereo view of the east side of Barrett Spur {north side of Mount Hood), formed by two 
late, high-level intracanyon flows. Lava flowed from left to right. The incl ined shear 
surface, cutting across the upper flow, was formed when lava was romped up and over 
an earlier part of the flow. 

Figure 7 .  Breccia pod in  the center of an andesite flow, north side of 
Mount Hood. The flow lies on a 1 5° slope. Lava, when 
sti l l  pasty, fractured along a plane paral le l  to the flow base. 
The upper plate of the flow moved rapidly over the base, 
causing brecciation along the shear plane . When movement 
stopped all the fragments were welded together, giving a 
solid flow with on internal fragmental structure. 
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Figure 8 .  Andesite flow, exposed inroad cut along highway to Timber­
line Lodge {south slope of Mount Hood) . Since breccia is 
unbedded and has same l i thology as the overlying flow, i t  
may have formed from lava exploded by  water from the 
melting of snow or ice. 



Figure 9. Aerial view of west face of Mount Hood. The Sandy Glacier (left center) and Reid Glacier (center) have cut 
basins into the upper port of the cone. The Sandy Glacier volcano (late Pliocene} is exposed under moraines 
(lower left}. The ridges between the glaciers and the face above Sandy Glacier are outcrops of andesite flaws. 
The face above Reid Glacier is mostly pyroclastic deposits with some flaws. Most of the south slope (right side} 
is covered by hornblende andesite debris, which originated from the plug forming Crater Rock .  The Iorge cliff 
exposure to the east of Crater Rock is Steel Cliff, o remnant of o thick, late flaw . [Delano Photographics 
No. 60498] 
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Figure 10 .  Aerial view of north face of Mount Hood . Coe Glacier 
(left) and Ladd Glacier (right) have cut bosins into the 
upper port of the cone. Pulpit Rock (center) and Barrett 
Spur (lower right} are remnants of late intracanyon flows. 
The central plug, fil l ing the old conduit, is thought to be 
exposed in the c l iff below and left of the summit .  
[Oregon Dept. Geology and Mineral Industries photo.] 

Figure 1 1 .  View of north face of Mount Hood 
from west side of Barrett Spur. Pulpit 
Rock ( left center ) is composed of a 
solid andesite flowoverlying and over­
loin by pyroclastic beds. 
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Figure 1 2 .  Aerial view of Zigzag Canyon. The canyon exposes inter­
bedded andesite flows and pyroclastic deposits {compare with 
Traverse Section A-B). The thickest flow is Mis.sissippi Head. 
Debris from the Recent plug dome fil led the canyon and has been 
partial ly  removed to exhume the earlier flows. [Oregon Dept. 
of Geology and Mi nero I lndustri es photograph.] 
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Figure 1 3 .  Hornblende andesite debris fan exposed by 
the Little Zigzag Canyon. The 80.-foot {25 m) deep 
canyon reveals unsorted but crudely stratified layers 
of mud flow, slurry flood, and avalanche deposits. 
The large, radial ly jointed boulder near the bottom 
was transported to this site whi le hot. Subsequent 
cooling produced the radial joints, causing the boul­
der to fall apart. This type of jointing, common in 
the debris fan, is  the main evidence leading to the 
conclusion that the debris fan formed from on active­
ly extruding plug dome. 



Figure 14 .  Aerial view of the southeast side of Mount Hood. White River Glacier (just left of center) is  cutting 
into port of the Recent hornblende andesite debris fan, which covers the entire slope west (left) of 
the glacier. Newton Clark Gloci er is on the eo.st slope (right side). Crater Rock is in the center of 
the pocket southwest of the summit .  Hot Rocks (figure 1 7)  ore fumaroles located around Crater Rock, 
except lower side. Below the solid portion of Crater Rock is a breccia margin.  The smooth slopes in 
the center and lower right ore underlain by crudely stratified debris redistributed after Fraser Glaci­
ation. [Delano Photogrophics, No.  60500.]  
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Figure 1 5 .  Reconstructed view of Mount Hood, during the activity of the plug dome. Explosive eruptions, preceding the extrusion 
of the dame, were probably responsible for the formation of the open crater. Slurry floods, mudflows, and hot ova lances 
transported debris from the dome down the slopes forming the brood fan. Normal precipitation runoff into the White River 
continued to cut deeply into the fan (center foreground). 
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F i gure 1 6 .  Cross sec t i on across th e Wh i te R i ver canyon near Ti m ber -
! i ne Lodge (see geo l og i c  map) . A U -shaped c a nyon was cu t i n to 
f l ows (red) and pyroc l ast i c depos i ts (orange) by a l arge g l ac i er 
dur i ng th e Fraser G l ac i at ion . Th e c anyon was parti a l l y  fi l l ed 
by debr i s  (ye l l ow) from th e mou n tai n as th e g l ac i er retreated . 
A l though debris  from th e hornb l ende andes i te p l u g  dome ( l i gh t  
red) f i  l i ed th e canyon to a h i gh l eve l  (surface l ) , rap id  erosion 
soo n cut th e canyon agai n . A l ater surge of dome ac ti v i ty was 
respons i b l e  for th e parti a l  refi l l i ng of  th e canyon (surface 2) . 

F ig ure 1 7 . The Hot  Roc ks and Crater Roc k near th e sum mi t of Mou n t  
Hood . Gas is emi tted from a fumaro I e on th e edge of Crater 
Roc k ( l ower l eft) , as w e l l as th rou gh th e ho l e  in th e snow . Ac i ds 
der i ved from th e fu maro l i c  gases h ave a l tered most of th e roc k i n  
th e area arou nd Crater Roc k . 
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TA B L E  I .  

C h e m i c a l  a n a l yses of  some r e prese n ta t i v e  l avas eru pted from Mou n t  H oo d . 

2 3 4 5 

S i 0 2 5 7 . 04 5 9 . 2  6 0 . 6  6 1 . 07 6 1 . 3  

T i 0 2 0 . 84 0 . 92 0 . 98 0 . 80 0 . 80 

A I 20 3 1 7 . 94 1 7 . 65 1 6 . 6  1 6 . 96 1 6 . 9  

F e 20 3 2 . 58 3 . 1 8  2 . 40 2 . 48 2 . 26 

FeO 4 . 1 9  3 . 63 4 . 36 3 . 09 3 . 08 

MnO 0 . 1 0  0 . 1 0  0 . 1 0  0 . 08 0 . 08 

MgO 4 . 49 2 . 8  2 . 6  2 . 30 2 . 1 

CaO 7 . 6 1  6 . 6  6 . 2  5 . 86 5 . 95 

N a 20 3 . 8 1  3 . 96 4 . 1 5  4 . 28 4 . 36 

K 20 1 . 0 1  1 . 6 0  1 . 48 1 .  79 1 . 44 

P20 5 0 . 1 7  0 . 1 8  0 . 1 9 0 . 22 0 . 1 8  

Tota l 99 . 78 99 . 8 2 1 00 . 05 98 . 93 98 . 45 

Mo l ec u l ar Norms 

q z  7 . 0  1 0 . 0  1 2 . 1  1 2 . 2  
', 

1 3 . 4  

or 5 . 9  9 . 5  8 . 8  1 0 . 7  8 . 7  

ab 34 . 1  35 . 7  3 7 . 6  38 . 9  39 . 8  

a n  28 . 8  25 . 8  22 . 5  2 2 . 1 2 2 . 7 

d i  5 . 1 4 . 8  5 . 8  4 . 7  4 . 9  

h y  1 5 . 1  1 0 . 5  9 . 5  8 . 3  7 . 5 

o l  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  

mt 1 . 9 2 . 0  1 . 9 1 . 5 1 . 5 

i l  1 . 2 1 . 3 1 . 4 1 . 1  1 . 1  

ap  0 . 4  0 . 4  0 . 4  0 . 5  0 . 4  

Ana l ysts:  N o . 1 ,  T .  Asar i ;  No . 4 ,  H .  Asar i ;  Nos . 2 ,  3 ,  a n d  5 ,  W .  W i se . 

1 .  O l i v i ne pyroxene andes i te :  Compass Cre e k ,  nor th s i d e  of Mou n t  H oo d . 
2 .  Pyroxene andes i te :  l n tracanyon f l ow ,  west  s i de o f  Z i g zag Canyon . 
3 .  Pyroxene andes i te :  F l ow exposed a t  park i ng l o t  at  Ti mber l i n e  Lodg e ,  sou th s i d e  of Mou n t  H oo d . 
4 .  Pyroxene andes i te :  Late f l ow formi ng Barrett  S pu r ,  north s i d e  o f  Mou n t  H ood . 
5 .  H or n b l ende andes i te :  C l ast  from debr i s  fa n ,  c o l l ec ted n e a r  ter m i nus  of  Z i gzag G l ac i er .  
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P e t r o l o g y  

A l l th e f l ows are porph yr i t i c  w i th p l ag ioc lase , hypers th ene , and magneti te phenocrysts . Aug i te ,  
o l i v i n e ,  and oxyhornb l ende are common as ph enocrysts bu t are not present i n  a l l  f lows . Th e compos i t i on 
of th e ph enocrysts shows remar kab ly  l i tt l e  var i ation . P l ag i oc l ase , though comp l ex l y  zoned , ran ges from 
An 50 to  An4o,  hypersth ene i s  about  En70, and augi te Wo45En42Fs 1 3 . 

Tab l e  I l i s ts the ch emi ca l  co mpos i t i on of fi ve f l ows to i l l ustrate th e max i mu m  range of com pos i ti ons . 
Evi dence be i ng pub l i sh ed e l sewhere l eads to th e fo l l owi ng conc l us i ons regard i ng th e or i g i n of th e 

Mou nt  Hood magmas: Th ese andes i tes d i d  not di fferent i ate from a h i gh a l u mi na basa l t magma si mi l ar to 
that  erupted i n  th e area arou nd Mount  Hood . Moreover , th e l a ter fl ows d i d not d i fferen ti ate from magmas 
represented by any of th e ear l i er f l ows . Th e var i e ty of compos i ti ons , th e l arge vo l u m e  of andesi te magma 
erupted , th e long  per i od of ac t iv i ty ,  and th e l ac k  of di fferent iat ion processes are best exp l a i ned by th e 
repeated genera t ion of magma by some me l ti ng proc ess near th e base of th e crust . 

R e f e r e n c e s  C i t e d  

Lawrence ,  D .  G . ,  and Lowrenc e ,  E .  G . ,  1 959 ,  Radiocarbon dati ng of even ts on Mount  Hood and 
Mount St . H e l ens: Mazama , v .  4 1 , p .  1 0- 1 8 .  

Ph i l l i ps , K .  N . ,  1 935 , A chemi ca l  study of fu maro l es on Mo unt  Hood: Mazama,  v .  1 8 , p .  44-46 . 
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PETROCHEMISTRY OF THE CASACADE ANDESITE VOLCANOES 

By A l exander R .  Mc Bi rney* 

Despi te the fact that the Quaternary l avas of th e H i gh  Cascade vo l canoes h ave l ong been c i ted as a 
' typi ca l ' examp l e  of an orogen i c  vo l can i c  su i te ,  the rocks , unt i l rec ent l y ,  have rece i ved on l y  sporadi c 
attenti on . Apart from a few stud ies ,  such as those by Wi l l i ams at Crater Lake ( 1 942) and Lassen Peak 
( 1 932) and Thayer ' s  work at Moun t  Jefferson ( 1 937) , most ear l y  stud i es were of a reconnai ssance nature . 
Wi th i n  the l ast few years , however , severa l geo l ogi c and petro log ic  i nvest i gations of major Cascade vo l ­
canoes have he l ped to fi l l  l arge gaps i n  our know l edge . Notab l e among th ese are the work o f  R .  S .  F i s ke 
and h i s  co-workers at Mount  Rai n i er ( 1 963) and W .  S .  Wi se at Mou nt  Hood (i n press) . Even now , how ­
ever , severa l i mportant  vo l can ic  c en ters remai n to b e  stud i ed i n  detai l ,  and a few have not even been ex­
ami ned i n  a reconnai ssance  fash ion . Th e scope of current ly  avai l ab l e  data is i nd i cated by th e references 
compi l ed on page 1 07 .  Add i t i ona l work now i n  progress i s  summari zed e l sewhere i n  th i s  gu i debook . 

Between Mou nt Gar i ba l d i  i n  Bri ti sh Co l u mbi a and Lassen Peak ,  Ca l i forn i a ,  the H igh Cascade range 
(fig ure l )  i nc l udes about 20 major Quaternary vo l canoes and a host of sma l l  cones and deep l y  eroded n ec ks . 
The age of th e roc ks has genera l l y been accepted as Late P l iocene to Recent,  bu t d i rec t dati ng  of th e  l avas 
h as rare l y  been reported . Measurements of the magnet ic po l ar i ty of some of th e roc ks suggest that the great 
bu l k  of th e l avas formi ng the h i gh composi te cones may span a re l at ive ly  short ti me i nterva l .  Th e ent ire 
sequence of rocks at Mount J efferson , the Three S i sters , and possi b l y  Mount  Mazama ,  for examp l e ,  appears 
to be norma l l y  po l ari zed and can be presumed to be you nger th an the l ast reversa l 770, 000 years ago . 

As data accumu l ate , i t  becomes i ncreasi ng l y  evident th at the l avas vary marked l y  from one vo l cano 
to another and ,  in some parts of th e cha i n ,  may even have w ide  d i fferences w i th i n  an  i nd i vi dua l  vo l cani c 
center . A l though one can make c erta i n  broad genera l i zati ons about the ser ies as a who l e , the chemic a l  
d i fferences and reg iona l  var i at ions wi th i n  th e provi nce  may have a s  much petrogenet ic s ign i fi cance as 
the features that characteri ze th e cha i n as a who l e .  

The vo l canoes fa l l  i nto two genera l  types . I n  the fi rst ,  the l avas form  a coherent series of very un i ­
form composi t ion or , at most ,  a l i m i ted range of cont i nuous variation . I n  the second type , th e roc ks are 
more vari ed and become i ncreasi ng l y  di vergent w i th t ime . The contrast between th ese two types i s  appar­
ent in the var iat ion d iagrams of fi gure 2 .  

Most o f  the vo l canoes of the Centra l Cascades - - Baker , Rai n i er ,  Hood , and J efferson - - produc ed 
l avas of the first , or coh erent ,  type . Throughout a l most a l l th e i r  ac t i ve h i stor i es these vo l canoes erupted 
andes i te or a ndesi t i c  basa l t  of monotonous l y  un i form composi t ion; rhyo l i tes are conspi c uous ly  absent and 
basa l ts ,  i f  present at a l l ,  are m i nor and grade i mpercept i b l y  i n to the mai n andesi tes . At Mou nt Hood,  for 
examp l e ,  there i s  v irtua l l y  no s ign i fi cant  chem ica l  variati on , at l east i n  terms of th e maj or e l ements , from 
the fi rst l ava to th e l ast . The l avas are descri bed i n  anoth er sect ion of th i s  gu idebook .  

At Mou nt Jefferson th ere i s  a l i mi ted var iat ion from the mai n l ava type , b u t  t h e  degree of di fferen ­
t iat ion i s  narrow and cont i nuous , there bei ng  no apparent  break i n  the sequence ,  ei ther i n  ti me  or i n  com­
posi t ion . The mai n cone ri ses from a th i c k  sequence of Recent l avas erupted from numerous vents scattered 
over a broad area to th e west and sou th of th e presen t  peak . The you ngest l avas have been erupted from 
sma l l cones near th e sou th ern base of the mai n cone . Th ayer ( 1 937) noted that desp i te the i r  m i nera l og i c  
d i fferences, the great maj or i ty o f  the l avas are remarkab ly  un i form andesi t i c  basa l ts; subsequent studi es 
h ave on l y  extended the know n range of var i ati on s l i gh t l y  beyond that orig i na l l y  recogn i zed (tab l e  l) . The 
most fe l s i c  rocks are dac i ti c  and rhyodac i ti c  tuffs erupted i n  sma l l vo l umes and at i nfrequent i nterva l s . 
No rhyo l i tes have yet been fou nd ,  nor are you ngest l avas s i gn i fi cant l y  d i fferent from th e ear l i est . 

Associ ations of the second , or d ivergent ,  type are found at th e north ern end of th e cha i n and sou th 

* Center for Vo l cano logy , Un i versi ty of Oregon ,  Eugene ,  Oregon . 
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E x p l a n a t i o n  

D Q u a ternary vo l c an i c  roc ks 
of th e H i g h C asc ades 

D Terti ary vo l c an i c  ro c k  
of th e Western C asc ades 

D Co l u m b i a R i v er Basa l t  

Pre -Ter ti ary roc ks 

F i gure 1 .  G e n era l i z ed geo l o gi c map o f  th e Cascade R ange show i n g  re l at ions  
to  o l der basement  roc ks a nd l avas of  th e Co l u m bi a  R i ver Pl a teau . 
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of Mount J efferson . Mount  Gari ba l d i  and Sou th S i ster (fi gure 3) are exc e l l en t  examp l es .  I n  th ese vo l ­
canoes , the most abu ndant rocks form i ng th e mai n mass of the cones are si l i ceous andesi tes or daci tes of 
rath er u n i form composi ti on . Th ese were fo l lowed in t ime by 1wo sharp l y  d i vergent groups , common l y  th e 
produc ts of f l ank  erupt ions that produced basa l ts of erra t ic compos i t ion i nterm i ttent l y  w i th sma l l vo l umes 
of rhyo l i te obsi d ian  or pumi c e .  At Sou th S i ster rhyo l i tes w ere a l so common at an ear l y  stage precedi ng 
the mai n cone, and i n  oth er vo l canoes of the south ern Cascades basa l ts form a broad sh i e l d  under l yi ng the 
mai n andesi t i c  cone . Th us th e rocks of th e mai n cones contrast w i th both ear l i er and l ater roc ks of d iver­
gent composi t ion . Ana lyses of representative members of th e South S i ster su i te are g iven i n  tab l e  2 .  

I n  extreme examp l es of the di vergent type,  i n termed i ate roc ks may be vo l umetri ca l l y  subordi nate 
or grade w i thout a composi t iona l  d i sconti nu i ty i nto basa l ts .  Th i s  seems to be the case at  Medi c i n e  Lake, 
for examp l e ,  where ear l y  andesi tes merge w i th the l ate basa l ts ,  and daci tes grade i nto rhyo l i tes of the 
l ate obsi d i an domes . At Crater Lake the andesi tes of th e  mai n cone of Mount  Mazama merge at the i r  ba­
si c end w i th the more var i ed basa l ts of l ate f l ank  erupti ons . I n  both vo l canoes, the effec t is to produce  
1wo di sti nct  groups o f  roc ks on a vari ati o n  d i agram , one  o f  basi c t o  i ntermedi ate compos i t ion and the other 
a s i l i c eous d i fferen tiate , bu t th e d ivergence from ear l i er i n termediate andesi tes to l ate contrast i ng roc ks 
i s  sti l l  apparen t ,  i f  th e seri es i s  vi ewed i n  th e order of i ts erupt ion . 

Recogn iz i ng these marked contrasts i n  the Cascade vo l canoes, one may l og i ca l l y  look for a re l at ion­
sh i p  to such features as th e reg iona l geo l ogi c sett i ng of the di fferent su i tes or  the composi t ion of th e pr i n­
c i pa l  rock types th at  may represent a parent magma . At fi rst g l ance i t  i s  evi dent that  a l most a l l th e vo l ­
canoes w i th coherent andesi t ic  sui tes are si tuated i n  the centra l  sect ion of the range belween centra l 
Oregon and northern Wash i n gton . I t  i s  perhaps s i gn i ficant  that i t  i s  th i s  same port ion  of th e range that 
stradd l es the embayment belween areas of pre-Tertiary s i a l i c  basement roc ks (figure l ); there is no evi ­
dence that th e sed i mentary , metamorph i c ,  and p l u ton ic  roc ks o f  Mesozoic and Pa l eoz ic  age that v i si b l y  
u nder l i e  the northern a nd  sou th ern ends of the chai n a l so l i e  beneath th i s  c entra l region . I nstead ,  a 
very th i c k  sequence of Terti ary l avas and mafi c  sedi ment  i s  a l l that i s  known  or postu l a ted under th i s  area . 

On  c l oser scrut i ny , however , one sees i mportant exceptions to th i s  apparent  re l at ionsh i p .  Mou nt 
Baker , near the northern end of th e chai n ,  i s  composed of very un i form andesi tes of the coherent type, 
but i t  stands on a basement  composed of o l der sedi mentary and metamorph i c  rocks tha t  i nc l ude Pa l eozo ic  
phy l l i tes and  greenstone (Coombs , 1 939) . I ts l avas a re  a l most ident i c a l  to  those of Moun t  Ra i ni er ,  whi ch 
rose from a basement  ser i es composed of more than 1 0 , 000 feet of Eocene basa l t  and bas ic vo l can ic  sed i ­
men ts . On  the other hand,  Moun t  St . He l e ns ,  standi ng belween the un i form l y  coheren t sui tes of Mount  
Hood and Moun t  Rai n i er ,  has produced a l arge proporti on  of very bas ic  basa l ts and shows considerab le  
range i n  the compos i t ion of  l avas maki ng up the mai n cone  (Verhoogen , 1 937) . Di fferences are a l so seen 
i n  the sou thern Cascades , a l though a l l th e vo l canoes of that region  appear to be var i et i es of the d ivergen t 
type . 

Hopson and h is co-workers ( 1 965) poi n t  out the c l ose chemi ca l  si m i l ari ty of th e andesi tes of the 
northern Cascades and th e Miocene epizona l p l u tons in the same reg ion , and they suggest that th e ande­
si tes may have been deri ved from the same magma sourc e ,  wh i ch  remai ned ac t i ve at depth . In f igure 4, 
the pri nc i pa l  Late Tertiary stoc ks and re l ated zones of propy l i t i zat ion are shown in re l at ion to th e mai n 
vents of th e H i gh Cascades . I t  is c l ear that  the l i ne of i ntrusi ons i ntersects the Quaternary chai n i n  th e 
same region that i s  ch arac ter ized by rocks of th e coherent  type ,  and there are no repor ted i n trusions i n  
the reg ions o f  d i vergen t  rock assoc i at ions t o  the north a n d  sou th . Th i s  re l at ion suggests that the exp la­
nation offered by  H opson and  h i s  associ ates may a l so exp l a i n  th e d i fferences of the Cascade Quaternary 
rocks as a who l e .  

The composi t ion of basa l ts assoc iated w i th the d i fferent  andesi t i c  sui tes may show regu l ar var iat ions 
re l ated to the nature of d i fferenti atio n ,  but th i s  i s  di ffi cu l t  to demonstrate . The vo l um i nous tho l ei i tic  l avas 
of the Co l umbi a P l ateau and adj acent  parts of the centra l  Cascades are much l ess common in the southern 
region , where h i gh -a l umi na basa l t  i s  much more abu ndan t .  Th ere are too few Quaternary basa l ts in cer­
tai n parts of the range to ju st i fy genera l i zat ion abou t th ei r reg iona l  di fferences . Th ey are espec i a l l y rare 
in the northern Cascades . Where data are avai l ab l e ,  however , th e basa l ts di rec t l y  assoc ia ted w i th ande­
s i t ic  vo l canoes are h i gh -a l umi na types of vari ab l e composi ti on . Quaternary a l ka l i -o l i v i ne  basa l ts h ave 
been found by E .  H .  Lund among the ear l y  High Cascade l avas in  the va l l ey of th e Mc Kenzi e R iver west 
of Mou nt Wash i n gton (tab l e  3) . 



TABLE 1 .  N EW ANALYSES OF R E PRESE NTAT IVE ROC KS OF MOU NT J E FFERSO N .  

1 2 3 4 5 6 7 

S i 0 2 52 . 22 52 . 55 54 . 3 1  58 . 54 6 0 . 66 64 . 1 3  68 . 29 Si 02 

Ti0 2 2 . 00 1 . 53 1 . 32 0 . 85 0 . 8 1  0 . 75 0 . 71 Ti 0 2 

AI 203 1 6 . 46 1 7. 01 1 7 . 39 1 8 . 68 1 7. 70 1 6 . 43 1 5 . 63 A I 203 

Fe203 3 . 62 3 . 75 2 . 6 1  3 . 32 4 . 1 9  2 . 38 0 . 69 Fe203 

FeO 5 . 72 5 . 79 5 . 53 2 . 50 1 . 53 2 . 28 2 . 8 7  FeO 

MnO 0 . 1 3  0 . 1 5  0 . 1 3  0 . 08 0 . 09 0 . 08 0 . 1 1  MnO 

MgO 4 . 3 1  4 . 94 5 . 22 3 . 53 2 . 85 1 . 83 0 . 86 MgO 

CaO 7. 1 9  8 . 71 7 . 57 6 . 49 5 . 72 4 . 1 8  1 . 88 CaO 

N a20 3 . 35 3 . 6 1  3 . 84 4 . 1 1  4 . 25 4 . 50 5 . 90 N a20 

K 20 1 . 05 0 . 77 0 . 86 0 . 8 0  1 . 1 2  1 . 46 2 . 22 K 20 

H 20+ 1 . 8 1  0 . 64 0 . 6 1  0 . 66 0 . 94 1 . 42 0 . 55 H 20+ 

H 20 - 1 . 6 1  0 . 23 0 . 04 0 . 24 0 . 06 0 . 1 5  0 . 1 0  H 20-

P205 0 . 35 0 . 26 0 . 32 0 . 1 8  0 . 24 0 . 25 0 . 20 P205 

other - - - - - - - other 

TOTAL 9 9 . 8 2  99 . 94 99 . 75 99 . 98 1 00 . 1 6  99 . 84 1 00 . 01 TOTAL 

(Analyses by Ken-ichiro Aoki , Tohoku U n i versi ty, J apan . )  

1 .  Co l umnar-j o i n ted l ava 1 !  mi l es east of Tri ang u l ation Peak . 
2 .  Pl aty andesi te l ava below Spire Roc k .  
3 .  O l iv ine andesite from fresh fl ow o f  Forked Butte, west side . 
4. Columnar-joi nted flow i n  northeast part of Cathedra l Rocks . 
5 .  Hypersthene-aug i te andesi te from su mmi t o f  Mou n t  J efferson . 
6 .  Hornbl ende-hypersth ene dac ite from talus s l ope o f  neck (? ) 

north of mai n peak of J efferson . 
7. Vi trophyric dac i te in pyroc l astic bed 3/4 mi l e  west of 

Tri ang u l ation Pea k .  

TABLE 2 .  CH EMICAL ANALYSES O F  REPRES E NTAT I V E  ROC KS OF SOUTH S I STER . 

1 2 3 4 5 6 7 8 9 

53 . 23 55 . 07 5 7 . 46 62 . 98 6 3 . 50 65 . 30 71 . 94 72 . 27 73 . 45 

1 .48 1 . 36 1 . 27 1. 1 5  1 . 26 1 . 02 0 . 40 0 . 42 0 . 34 

1 8 . 26 1 6 . 52 1 6 . 90 1 6 . 24 1 5 . 93 1 5 . 92 1 4 . 31 1 4 . 47 1 4 . 21 

2 . 68 2 . 1 9  2 . 62 2 . 8 7  2 . 01 1 . 38 0 . 6 1  1 . 1 1  0 . 74 

6 . 45 5 . 47 4 . 70 2 . 94 3 . 88 3 . 49 1 . 77 1 . 27 1 . 37 

0 . 1 1  0 . 1 1  0 . 1 2  0 . 08 0 . 1 0  0 . 07 0 . 05 0 . 05 0 . 05 

4 . 32 5 . 83 3 . 43 1 . 52 1 . 55 1 . 29 0 . 41 0 . 1 8  0 . 05 

7. 52 7 . 33 6 . 25 4 . 04 3 . 85 3 . 42 1 . 75 1 . 6 0  1 . 45 

4 . 20 3 . 45 4 . 36 4 . 86 5 . 05 4 . 98 4 . 69 4 . 85 4 . 59 

0 . 70 1 . 22 1 . 30 2 . 00 2 . 05 2 . 1 9  3 . 00 3 . 04 3 . 1 8  

0 . 65 0 . 71 1 . 21 0 . 43 0 . 36 0 . 50 0 . 48 0 . 48 0 . 29 

0 . 06  0 . 1 8  0 . 02 0 . 25 0 . 1 3  0 . 08 0 . 1 6  0 . 1 0  0 . 01 

0 . 28 0 . 25 0 . 25 0 . 28 0 . 29 0 . 26 0 . 07 0 . 06 0 . 07 

- - - - - - - - -

99 . 94 99 . 6 9  99 . 89 99 . 64 99 . 96 99 . 90 99 . 64 99 . 90 99 . 80 

(Anal yses by Ken-i chiro Aoki , Tohoku U ni vers i ty ,  Japo n . )  

l .  Andesi te knob risi ng above moraine and pumi ce o n  south si de of Green lake . 
2 .  Basa l ti c  l ava,  Leconte Cone, sma l l  outcrop o f  l ava north o f  cone . 
3 .  One of l ast basal t ic  f lows from summ i t  crater of South S ister, el evation 9460 fee t .  
4 .  P laty andesi te l ava a t  south edge o f  Lewis  G l ac i er,  e l evation 8840 feet, dips northeast 

awoy from 6 .  
5 .  Pl aty andesi te l ava near east base o f  Sou th S ister west o f  Green Lake . 
6 .  Vi trophyre from c o l u m nar-j o i n ted p l u g ,  south s lope of South Sister, e l evation 

8720 feet . 
7 .  Obsi d i an from north edge o f  Newberry f low ,  South S ister, el evation 6800 fee t .  
8 .  G l ac i ated • andesi te • above S ky l i n e  Trai l on north s i d e  of Roc k Mesa i n  Mesa Creek . 
9 .  G l ac i ated ' andesi te • from lower s lope, east side o f  South Si ster , e l evati on 7200 feet . 
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Figure 2 .  AMF variation diagrams for the principal Quaternary volcanoes of the High Cascades. 
The points show the proportions of total iron as FeO (top corner}, magnesia (lower right} and total 
alkalies (lower left). Sources of analytical data are listed in the references at the end of this 
paper. Additional, previously unpublished analyses from Mount Jefferson and South Sister ore 
given i n  Table l and table 2.  Analyses of rocks from fv\ount Hood ore from unpublished data of 
W .  S .  Wise. 

Figure 3 .  The main cone of South Sister, seen here from the southwest, consists 
mainly of andesitic Iovas and pyroclastic material with a thin veneer of youthful 
basalts erupted from the summit crater. The most recent eruptions broke out near 
the base of the main cone. Rock Mesa is a viscous flow of rhyolite obsidian and 
LeConte Crater, the sma l l  cone closest to the camera, was the source of basal tic 
lava and scoria .  

1 05 



1 06  A N D E S I T E  C O N FERENC E GU I D EBOO K 

Tab l e  3 .  A l ka l i-o l i vi ne basa l t  from th e ear l y  H igh Cascade lavas west of Mount Wash i ngton . 

Chemica l  compos i ti on  i n  wei gh t - %  Mol ecu l ar norm 

S i 02 
T i02 
AI 203 
Fe203 
FeO 
MnO 
MgO 
CoO 
Na20 
K20 
P205 

47 . 48 
2 . 28 

1 5 . 48 
2 . 49 

1 0 . 64 
0 . 20 
7 . 87 
9 .  1 1  
3 . 08 
0 . 45 
0 . 33 

Ap 0 . 70 
I 1 3 .  2 1  
Or  2 . 69 
Ab 27 . 99 
An 27 .42 
Mt 2 . 63 
D i  1 2 . 9 1 
Hy 7 . 1 2  
0 1 1 5 . 32 

(Ana lyses by Ken- i ch i ro Aoki , Tohoku Un iversi ty , J apan . )  
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F i gure 4 .  D i stri bu tion  of l ate Tertiary p l u tons and 
re la ted zones of propy l i t i c  a l terat ion and th e i r  
re l at ion to th e pri nc ipa l  Quaternary vo l canoes of 
the H i gh Cascades ( open c i rc l es ) .  
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Mu ch add i ti o na l  work i s  c l ear l y  needed before an adequate exp l a nat ion of th e di ffer i ng andesi t i c  
su i tes wi l l  b e  possi b l e . A l l th at can b e  sai d on th e basi s of current know l edge i s  th at d i fferences i n  th e 
basement roc ks do not provide a consi stent  corre l at ion w i th th e vari at ions of andesi t i c  roc ks from one vol ­
c a n i c  cen ter to anoth er .  
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