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The features in the above photograph and its enlargement on the cover w i l l  not be found in  
the Photographic Lunar Atlas, although the resemblance to the lunar surface is very striking. I t  
was produced by photographing a major portion of  the Crescent, Oregon, plastic relief map, 
NK 10-3, Series V502P after a l l  printing had been removed. Relief on this map is exaggerated 
by a factor of two. 

Newberry Volcano and caldera in the northwest quadrant, complemented by volcanic and 
lake basin features to the south and east, effect this "moonscape" of central Oregon terrain .  It 
was necessary to invert the enlargement in order to bring Newberry Volcano onto the front cover. 



MARK 0. HATFIELD 

GOVERNOR 

To Our Guest Scientists and Others: 

OFFICE OF THE GOVERNOR 

STATE CAPITOL 

SALEM 

May this be but the first of many warm welcomes 
you will receive during your stay in Oregon. 

We have a deep and abiding respect for science 
and scientists as you work with the wonders of 
the earth and space. We genuinely hope this 
Lunar Field Conference will contribute further 
to your sum total of knowledge and we hope also 
that you may find time for some pleasurable 
leisure time pursuits as well. 

We are deeply appreciative of the efforts of 
your sponsors who saw the wisdom in your coming 
here and of your hosts who, we trust, will make 
your stay most productive and enjoyable. 

I look forward to joining you during your visit 
and we invite you to make the most of your stay 
in Oregon whether it be for a while .... or a lifetime. 

Governor 
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June 19, 1965 

Greetings: 

The. City of Bend joins in welcoming you to the State of 
Oregon Geological Lunar Field Conference. 

We are proud to host such a gathering of world renowned 
scientists in your fields of vulcanology, geology, and the 
related disciplines. 

It is our sincere hope that your studies will be profit­
able and rewarding, and that each of you will find much of 
value in the Conference and in your experiences here. It is 
our hope also that each of you will carry to your homes the 
memories of an enjoyable period in our Central Oregon Area. 

We trust that the Conference associations here will add 
in substance to the knowledge of each, and in the fields of 
interest, that men everywhere may profit. 

If we can be of assistance in any way during your stay, 
please feel free to call on us at any time. 

Sincerely, 

&J� 
Paul Reynolds 
Mayor 
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WELC O ME 

Thi s Lu nar Geologi cal Fi e l d  Conference, organi zed by our two sponsors, the Univ ers i ty of Oregon Department of 
Geol ogy and the N ew  Y ork Academy of Sci ences, hi ghli ghts geological re lat ionshi ps between the earth and the 
moon that have both academ i c  and pract i cal i mpli cati ons. C ompari son of the earth and the moon w i l l  l e ad to an 
u nderstand i ng of the differences whi ch exis t  between them. Thi s, i n  turn, m ay prov i de cl u es to the ori gi n and 
deve l opment of all planetary bodi es. 

Conventi onal welcomes u su ally begi n w i th a statement of joy by those who have organi zed the conference 
that you w ere abl e to at tend . Let us break w i th tradi t ion .  Our  pleasure i n  hav i ng you as ou r gu ests extends 
beyond your mere presence . We have i nv i ted you here to see some remarkably w e l l exposed and access i b l e  lunar­
l i ke geol ogy . The associ at i on of crater ali gnments on the flanks of calderas to the parent caldera, the shear­
strength of ash f l ows  and falls, the morphology of lava tu bes -- are all thi ngs w hi ch deserve carefu l anal ys i s  before 
manned land i ng on the moon . Has there been u ni ntenti onal neglect of fi e l d  data in the space programs? We have 
i nv i ted you to see and di scuss geologi cal fi e ld re l at i onshi ps that, we hope, w i ll i ncrease you r  store of i nformat i on 
and promote better internat i onal communi cat ion on the w ays and means of l unar expl orati on . 

Lloyd S taples 
Uni vers i ty of Oregon De partment of Geol ogy 

Jack Green 
N ew Y ork Academy of  S ciences 

F O R EWO RD 

O regon has the largest area of Terti ary and Recent volcani cs of any state in the conterm i nous Uni ted  S t ates . A 
l arge variety of i nt ru s i ves, flows, and ash be ds combi ned w i th many d i ss i mi lar textures and s tru ctures, a l l well 
d i splayed, make ou r State an i deal laboratory for the study of this phase of geofogy. The central O regon area 
arou nd Bend is especial ly adapted to research on Recent volcani c acti v i ty  because of the great d ive rs i ty of lav a 
types and l andforms w ithi n  a comparatively short radius. Access can be had to the w hole area w i th a m i ni mu m  of 
diffi cu l ty throu gh a fine network of S tate hi ghways and U . S . forest roads. 

Over the ye ars several great volcanologists have wri tten monographs on some of the major and spectacu lar 
features of Oregon, bu t our State sti ll has much to contri bu te to the sci e nce of volcanology. The recent es tabli sh­
ment of the Volcanol ogical Center w i thi n  the Department of Geology at the Uni vers i ty of O regon and the add i t i on 
of a vol canol ogist to the geol ogi c s taff at O regon State Univers i ty are assurance that contri bu tions w i l l  conti nu e . 

Thi s Gu i debook and the Lunar Geol ogi cal Conference w ill gi ve a bri ef i ntrodu ct i on to the potent ial of the 
area, both as an ou tdoor l aboratory for the stu dy of volcani cs and as a s i te for some of the research prerequ i s i te 
to the establi shment of a manned base station on the moon . In add i ti on, the Gu i debook w i ll prove popu l ar to the 
layman and the tour ist, for it outli nes trips and descri bes, by tex t, maps, and photographs, the geology of a 
vast and spectacu lar area relatively u ntouched by m an or eros ive  forces . I t  i s truly a large dose of "Nature i n  
the raw." 

The De partment presents this pu blication w i th the hope that i t  w i ll whet  the i nterest of others i n  shari ng 
w i th u s the study and enjoyment of one of the world's great untapped regi ons of geol ogi c i nterest . 

IV 

Hollis M. Dol e 
State Geologi st 
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Devils Hill-Broken Top Area and Lava Butte Area Field Trip 
Geo log ic  Su mmary 

Westward from Bend , the Cascade La kes Highway passes over Quaternary l ava f lows  wh i ch have pou red from vents 
on th e eastern f l ank of th e Cascade Range . Some of th e l avas f lowed from fi ssures, bu t th e major i ty erupted from 
vents now marked by the nu merous cinder cones to th e south . Th ese l avas are bu t a l ater mani festat ion of the same 
process w h i ch bu i l t  th e greater part of th e Hi gh Cascade Range  begi nni ng i n  ear l y  Pl iocene t i me. Wi l l i ams  (1933, 
1941, 1944, 1957) has show n  that great basa l t i c  and basa l ti c.andesi te sh i e l ds, w i th paras i ti c. cones, make up th e 
bu l k  of th e H igh Cascades and that th ese l i e  on a pre-Pliocene basement of predo m i nantl y volcani c rock. Cu l ­
mi nati ng eruptions of pyrocl asti c mater i a l ,  accompani ed by andes i te and daci te f l ows, th en formed th e peaks or 
s tratovo l canoes, many of wh i ch are now deep l y  eroded . 

Mt. Bach e l or (Bache l or Bu tte) is a l arge, basa l tic cone wh ich has  conti nued  i ts vo l cani c acti vi ty to very 
recent ti me , as shown by th e fresh f l ows and ci nder cones on i ts north ern s l ope . From the top of the cha i r  l i ft at 
7, 700 feet {2, 350 m) e l evation, th e area of study to th e north and west is we l l  presented i n  panorama . 

The featu res of i nterest l i e  abou t th e sou thern f l ank of th e Sou th S i ster, an i mposi ng stratovolcano wh i ch 
sti l l  has  a crater on i ts s umm i t .  Th e sequ ence of i ts format ion began w i th the bu i l d i ng of the or i g i na l  l ava shi e l d. 
Then th e eru pt ion of andesi te and daci te l avas formed a su mmi t cone . Th i s  was fo l l owed by the growth of a basa l ­
t ic  lava and cinder cone a t  th e apex. Th e cinder cone was th en part ia l l y eroded and was subsequentl y bu r ied  by 
a younger cone of s im i l ar composi ti on . The a l most comp l ete l ack of glaci a l  scu l ptu r i ng i ndi cates th at vo l cani c 
act ivity h as continu ed down to recent ti me . 

Broken Top, s ituated 4 m i l es {6.4 km) east of Sou th S i ster, grew i n  a s im i l ar manner,  a l though some pyrox­
ene andes i te was erupted du r i ng th e l a ter stages of sh i e l d format ion. Th e summi t cone cons is ts of scor i a ,  l ap i l l i  
tuffs , and tu ff-brecci as w i th some th i n  l ava flows . Subs id i ary vents produ ced su ch features as Ba l l  Butte and sev­
era l  now -eroded ci nder cones. Vo l canic acti v i ty ceased at Broken Top pr ior to the end of th e Pl e i s tocene Epoch , 
and deep gl aci a l  carv ing has  revea l ed th e i nterna l structure of th e vo l cano {fi g. 1 ) . The onl y eruption to occur 
s ince has  been the bu i l d i ng o f  Cayuse Cone and extru s ion of a basa l ti c  l ava flow fro m a paras i ti c  vent on the sou th 
s l ope of Broken Top. 

Oth er o l der fea tures su ch as Devi l s  H i l l  and Ka leetan Bu tte are composed of daci te . Dev i l s  H i l l  i s  a dome 
bu i l t  over i ts vent, and Ka l eetan Bu tte cons i sts of  stu mpy f l ows  th at  h ad the i r  source on the f l ank of South S i ster. 
Kokosti ck Bu tte, on th e o th er hand, is made u p  of pyroxene andesite and may a l so represent a dome and f l ows  
over l y i ng a vent . Al l of th ese fea tures a re  probab ly  coeva l  w i th the formation of  th e andesi te and daci te cone of 
Sou th S ister. Ta l apus and Kats uk  Bu ttes are two u nglaci ated cinder cones wh i ch deve l oped  on a r i dge com posed 
of older tu ffs and tu ff-brecci as; both vents contri buted extens i ve  flows of  basa l t .  

O f  greater i nterest are th e most recent vo l cani c  features cons i sti ng pr imar i l y  of  daci te extrus i ons. An ex­
cept iona l  cha i n  of daci te domes and f l ows  fo l lows a north -trend i ng fracture  from the Cascade Lakes H i ghw ay nor th­
ward over Dev i l s  H i l l  and on u p  th e flank of South S i s ter to an e l evation of near l y  8 , 000 feet (2, 440 m). At l east 
a dozen doma l protrus ions occur a l ong th e fracture , w h i ch extends for a d i stance of 3 . 5 m i l es (5.6 km) (fi g . 2). 

Two m i l es (3.2 km) west from th e cha i n  of domes i s  th e daci te obs i d i an f low of Rock Mesa. Th i s  ova l  mass, 
about  1� square m i l es in area (3. 9 km2) ,  i s  some  75 to 1 00 feet  {23 to 3 1 m )  th i ck a l ong th e marg ins. Great b l ock 
r idges and sp i res sh ow th e typ i ca l  s l ugg i sh manner of f low from a v ent over wh i ch a dome or tho l o i d  accu m u l a ted  
i n  the f ina l  stage of  extrus ion (fig. 3). Mu ch of the surface i s  composed of obs i d i an,  a l though a l arge por t ion i s  
flJm i ceous. A sma l l tho l o id e i ght- tenth s of a mi l e  {1.3 km)  eas t  of  Rock Mesa dome may have been a coeva l  sa tel­
l i ti c eruption. 

Anoth er feature of most recent vo l cani sm, but one tha t formed pr i or to Rock Mesa , i s  Le Conte Crater {f i g . 3) 
and i ts l ava flows. Th is fresh basa l ti c  c i nder cone over l i es a vent from  wh i ch lava pou red sou th around Kokosti ck 
Butte and beyond for another two or three m i l es (3. 2 to 4. 8 km) . Anoth er f low , wh i ch u nder l i es Rock Mesa , i s  
exposed for abou t a mi l e  ( 1 . 6  k m )  i n  Mesa Creek va l l ey .  O dd l y ,  t h e  cone of  Le Conte Crater i s  covered b y  pu m­
i ce and fragments of obs i d i an,  daci te, andes i te,  and basalt. Th is superfici a l  debr i s  has not com e  from any ex­
posed vent in th e v i ci ni ty and must, therefore, be from one concea l ed u nder Rock Mesa {Wi l l i ams  1 944, p. 53-54). 
These pyrocl asti cs were probab l y  th rown out from  th e vent of  Rock Mesa dur i ng th e i niti al exp l os i ve  eru pt ions a l o ng 
w i th o l der vo l cani c  rock fragments torn  from th e condu i t  wa l ls. 

Vo l canism of th e Lava Bu tte area i s  descr i bed  on page 9 i n  connection  w i th th e recent l avas of  th e North ­
west R i ft Zone . 

E .  A. Groh , Editor 
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Figure 1. Broken Top seen from the southeast. Glacial erosion has laid bare the internal structure of 
this volcano. Beds of pyroclastics and lava flows indicate the many volcanic episodes that formed 
the original cone. Pumice-covered glacial debris lies in the foreground. (Oregon State Highway 
Department Photograph 3904) 

Figure 2. The chain ot dacite domes and flows in the center of the photograph passes over Devils Hill 
and halfway up the flank of South Sister. View is from the south. The northernmost vent erupted a 
long flow which can be seen as a snow-covered ridge sloping to the east. 



Figure 3. Le Conte Crater is in the center of the photograph os seen from the southeast. Rock Meso, o 
Iorge dacite obsidian flow is to the right. Unusually heavy winter snows hod not melted owoy when 
this photograph was token in June. 

Figure 4. The fissure vents of the Lovo Cascade Flow, Northwest Rift Zone, on the northern slope of 
Newberry Volcano. The view is towards the south. Spotter ramparts formed along the vents os lovo 
flowed to the west. 
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L A V A B U T T E S T U D Y  A R E A  

FISSURE ERU PTIO NS NEAR B E ND ,  OREG O N* 

By Robert  L. Ni chols and Char l es E.  S tearns 

A B S TR AC T  
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A fi ssu re eru pt i on, near Bend, Oregon, of very recent date is mar ked by a t  l east fi ve basa l t i c  f l ows , tremendous 
quant i t i es of spatter, whi ch for ms long r i dges and cones, and coll apse features . The fi ssure  str i kes northwest , i s  
abou t  20 mi l es (32 km) long, l i es ent i rely on the New berry Crater quadrangl e,  and extends from a p oi nt nor th of  
Lava Bu t te  on The Dall es-Cali forni a Hi ghway sou theast to  Devi l s  Horn, whi ch i s  abou t  4 mi l es (6. 4  km) sou th of  
East Lake . 

From Mokst Butte i t  can be traced fair l y  cont inuou s l y  to the f issu re  whi ch H owel  Wi l l i a ms (1935) has de­
scr i bed on the nor th wa l l of Eas t  Lake . From th i s  par t  of  the f i ssu re  a t  l eas t  four f l ows were erupted , a l l  of  whi ch 
ran i nto dense forests . Tree mo l ds and casts are so common on these f lows tha t  a par t of the area has  been set 
as ide for the pu b l i c  by the National Forest S ervice and is ca l l ed the Lava Cast Forest . In many p l a ces the trees 
remai ned stand ing whil e the lava f l owed around them; in other p l aces the trees w ere knocked down by the l ava 
and were rafted a l ong so close toge ther as to remi nd one of a l og  jam i n  a r iver . These casts and  m ol ds are fou nd 
i n  both aa and pahoehoe f l ows . 

Nothi ng i n  the Craters of the Moon ( I daho) appears any fresher or younger than cer tain parts of thi s  f issure . 
Apparently not a l l  the spa tter and l ava extru ded i s  of the same age . The freshest and you ngest mater i a l  l i es be­
tween Mokst Bu tte and East Lake . 

No t e  b y  t h e E d i t o r s: 

S i nce 1938, when the above abstract was pub l i shed ,  hi gh-alt i tude photographs of thi s region have become 
avai I ab l e .  S tu dy of these photographs has revea l ed a zone of fau l ts and fi ssu r es runni ng abou t  N .  30" W .  from 
East La ke i n  New berry Crater dow n the s l ope of New berry Vol cano. Thi s feature is referred to i n  these notes as 
the "Northw est Ri ft Zone . "  

The ske tch map on the oppos i te page shows tha t  at l east e i ght separa te basa l t i c  f l ows  have been e ru p ted  from 
the Northwest Ri ft Zone . Because these f l ows are not mant l ed by the pumi ce ejected dur i ng the ca l dera col l apse 
of Mt . Mazama , now the si te of Crater Lake, they a l l  are assu med to be post-Mazama in age .  Photographi c and 
f ie l d  evi dence i nd i cate that Lava Cast Forest Fl ow and Forest Road F low are probably the same age and the oldest 
of the post-Mazama grou p of l avas . H ere lava i ssued from fissure vents , and f i re-founta i n  act ivi ty produ ced spat­
ter r i dges or rampar ts along the vents . Charcoal found in a hor i zontal tree mold in the Lava Cas t  Forest  F l ow by 
Peterson and Groh (1964, u npu b l i shed) has been dated as 6150 i 210 y .  B .  P . , a surpr i s i ngl y o l d age consi der­
i ng the fresh appearance of  the lava . 

Mokst Bu tte F low and the attendant explos ive erupt ions whi ch formed the ci nder cone were proba b l y  the 
next events to occur a l ong the r i ft zone . Lava Cascade Fl ow and North S u mm i t  Flow appear to have been coeval 
and the next you nges t i n  the sequence . They are also the product of fi re- fou nta i n  act iv i ty and extru s ion from f i s­
sure vents (fi g .  4) . The

.
i r  r e l a t i ve age assi gnment i s  based on the fact that Lava Cascade F low bur i ed par t of Lava 

Cast Forest Fl ow and both appear l ess weathered . 
Pyrocl ast ic  erupt ions formed the ci nder cone of Lava Bu tte , and the large aa f l ow extr uded  from a vent at i ts 

sou thern base (fig . 5). Thi s  flow and Tw in  Vent Fl ow appear to be abou t the same age and are be l i eved to repre­
sent the la test vo l cani sm a l ong the Nor thwest Rift Zone . 

The tw o sma l l , u nnamed f lows jus t  sou theast of Lava But te are mant l ed by ci nders from Lava But te  and there­
fore are ol der . Where they s tand in the sequence of act i vi ty a l ong the r i ft zone cannot be deter m i ned ,  bu t  an  
est i ma te wou l d  p l ace them as younger than the Mokst Bu tte Fl ow.  

Ni chol s (1940) has made a deta i l ed exam inati on o f  the lavas nor thwest o f  Lava Bu tte . Hi s stu dy i nd i ca tes 
that severa l  ear l i e r  basa l t ic  f l ows or f l ow u ni ts were extruded pr i or to th e largest aa fl ow .  

Abou t 1� mi l es (2 . 4  km) sou th of Lava Bu tt e ,  i n  one of the ol der pahoehoe fl ows of Newberry Vol cano, i s  
Lava River Cave . Thi s l a rge l ava tube (fi g .  6) i s  a m i le l ong (1 . 6  km), and i t  can be easi l y  entered w here the 
roof has co l lapsed .  The poi nt of  entry is the s i te of  a small sta te par k ju st east of U . S .  Hi ghway 97 . 

*Repr i nted by perm i ss i on from Geologi ca l S oci ety of Amer i ca Bu l l e t i n, vol . 49, p .  1894, 1938 . 
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Figure 5. Lava Butte viewed from the south. An observatory is located at the lop of this fine example 
of o very young cinder cone. The cone is about 500 feet (153 m) high and 2, 000 feet (61 0 m} across 
at the bose. A Iorge oa lava flow covering some 10 square miles (26 km2) streamed south and west 
from a vent on the side of the cone. As can be seen in the lower half of the photograph , lava flow­
ing along the main channel i nlermi ttently overflowed westward into branch channels.  

Figure 6. Lava River Cave, a typical lava tube. This large tube represents the main internal channel 
within a pahoehoe lava flow . I t  conveyed a river of fluid lava from the vent to the branching second­
ary tubes at the active margins of the flow . The terraces along the lower walls of the tube mark the 
temporary pauses in the level of the molten river as i t  drained out in the closing stage of activity. 
(Oregon Stale Highway Department Photograph 4177} 
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Newberry Volcano Area Field Trip 

Geolog i c  Su mm ary 

About  25 mi les (40 km) sou th of  Ben d ,  Oregon , and some 35 mi l es (56 km) eas t  of th e crest o f  th e H igh C ascades 
is th e enormous preh i s tori c N ewberry Volcano. Th e broad sh ie l d  h as a basal diameter of  nearly 20 m i les (32 km) 
and Pau l ina Peak, the h i ghest  point on i ts cal dera ri m ,  i s  7 , 985 feet (2 , 395 m) h igh , about  4 , 000 feet (1 , 200 m) 
above the basal t-covered p l ai n  from wh i ch i t  r i ses.  It must  h ave once been at l east 1 ,  000 feet  (305 m )  h igher  
with a small e r  summ i t  crater and certainl y must have been majest i c. 

I t  now h as an oval -to-rectangu lar summ i t caldera, 5 m i les (8 km) long  and 4 m il e s  (6.4 km) wide.  Th e 
encircli ng walls on all but the west s i de r i se  steep l y  u p  to 1 , 500 fee t (458 m) above th e hu mmocky f loor. F igu re 
1 3  iden ti fi es po i nts on th e ri m and posi t i ve  featu res with in the caldera. 

Ins i de th i s  caldera are two large l akes , Pau li na  and East Lakes , separated by pum i ce cones , basalt i c  tuff 
ri ngs ,  and barren f l ows of obsi d i an ,  th e products of pos t-cal dera eru pt ions  from a narrow zone th at a l most b i sects 
the cal dera from north to sou th . The outer slopes of Newberry Volcano are impressive for the i r  abu n dant ci nd er 
cones and th e flows of stark, b l ack l ava th at accompany th em. 

Th e natu re o f  th e bedrock on wh i ch th e Newberry Vo l cano is  bu i lt i s  conjectu ral, bu t som e  o f  i t  is certai nly 
vo l cani c i n  orig i n ,  since acci dental fragments and blocks of aug i te basalt are fou nd i n  you nger eruptive  rocks 
with i n  th e crater .  Th e volcan i c  acti v i ty th at bu i lt Newberry Vo l cano probably began du ri ng th e Pl iocene when  
the sh i eld vo l canoes  of  th e Cascade"s were beg i nn ing t o  ri s e ,  bu t  its ch ief deve lopment  be l ongs t o  th e Ple i stocene , 
and i ts nu merou s vents cont i nued to erupt un t i l  a few cen tu ries ago. D at ing of charred logs encased i n  th e top­
most layers of  p u m i ce wi th i n  th e caldera show that th e l atest erupt ions  occu rred no more th an 2 ,  054 ± 230 ye ars 
ago. 

The  fi rst ep i sode i n  th e h i story of the vo l cano was th e bu i ld i ng of th e mai n sh i eld . Un l i ke th e H i gh Cascade 
volcanoes to th e west , wh ere th e l avas were mai n ly andesi te , the early f l ows of the Newberry Volcano were ba­
sal t ,  fo l lowed by th i ck sh eets of rh yo l i te wi th l ater basalti c ash . After th e vo l cano h ad reach ed i ts maxi mum size ,  
qu i e t  but  rap i d  erup tions of basal t i c lavas from fi ssures low on the flanks drained th e central feed i ng  p i pes, th us 
wi th drawi ng support from beneath the su mmi t. Th e top of  th e vo l cano th en co l l apsed along concentri c fractu res. 
Repeated avalanch i ng and p i ecemeal cav ing of th e wall s h as enlarged th e cal dera to i ts present  s i ze , wi th g l aci al 
erosion perh aps playi ng a mi nor par t .  Th e fractures th at r i ng th e caldera can be e asi l y  seen on th e aeri al photo­
graph on page 14, and are marked by mounds and r i dges of scor ia and ci nders th at fo rmed as l av a  escaped to th e 
surface through the zones of weakn ess . How deep th e cal dera was after its en largement an d h ow long a t i me 
elapsed before erupt ions of rhyo l i te and basal t agai n began to bu i l d u p  h ummocky masses on th e crater f l oor is 
u nknown. Post-cal dera exp los ive eru pt ions al ternated wi th the  qu i e t  outf l ow of l av a  to form a great v ari ety of  
l andforms . There are par t ia l ly eroded rh yolite domes on th e south east si de of Pau li na Lake. Between the lakes is 
a c l u ster of north - trend ing pum i ce cones, th e l argest of wh i ch is central ly located and h as a b l ocky dome of ob­
si d i an wi th i n  i ts own crater (fi g. 7). South of th e l akes th ere are th e remains of at least th ree basal t i c tuff r i ngs 
or mears , one of  wh ich s t i  II retai ns a broad shall ow crater (f ig.  8) . These resulted from rath e r  v iolent rhy th m i c  
exp l os i ons o f  a basal t i c  magma. O n  the north si de  o f  Pau l i na Lake i s  a cone  of  basalt i c ci nders (fi g.  9). 

There are fou r  separate ,  steep-s ided f l ows of  g l i s ten i n g ,  black obs i d i an . The  "B ig  Obs id i an Flow" (fi g . 10) 
covers a square mi l e  and h as i ts own plug  dome of pumi ceous  obsi d i an .  Two smaller obsi d i an f lows sou th of East 
Lake (fi g . 1 1 ) s tradd l e a nor th east- trend i ng fissure fro m  wh ich th ey were e rupted , and the "between th e lakes 
flow" eru pted from a vent on th e cal dera north wall and f l owed both east  and west. F i nally , th ere is th e inter­
est i ng "F i ssu re "  (fig.  12), exposed fo r some 700 feet (21 0 m) on th e ca l dera wall near th e north west corner of  
Eas t  Lake . Th is  fi ssure ,  bordered by red and black basal t i c scoria, i s  a vent  wh ere bo th basal t  and rhyo l ite erup­
t ions occurred at  nearly the same time (Wi I Iiams, 1935). 

N . V .  Peterson 
Editor 
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Figure 7. Pumice Cone.  This feature, seen from the north, is the central peak in Newberry Crater . 
The notched crater has o floor of obsidian which was extruded in the final stage of activity. Bread­
crust bombs and Iorge lumps of pumice compose the lower flanks. 

Figure 8. A moor located on the southeast shore of Paulino Lake. Thin layers of ton polagonite tuff 
breccias dip outward from the bowl -shaped crater. Erosion has caused I ittle modification of this 
explosively erupted landform. 



Figure 9. The Red Slide. Eruptions of reddish scoria and cinders formed a cone on the caldera wall 
north of Paulina Lake. The cone is breached on the side facing the lake . 

17 

Figure 1 0. Big Obsidian Flow looking to the south. Patches of snow tend to accentuate the llow ridges 
and show the direction of flow. A plug dome exists over the vent. At the lower left, a tongue of the 
f low extends into the crater of an older pumice cone. Parasitic cinder cones lying on the outer s lope 
of Newberry Volcano are seen in the upper part of the photograph . 
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Figure 1 1 .  The East Lake obsidian flows looking to the west. These flows erupted along a fissure trend­
ing in a southwest direction and are composed of block obsidian mixed with pumiceous material . 
Obsidian spines have been protruded at some of the vents. 

Figure 1 2 .  The Fissure, located on the north wal l  of Newberry Crater. Red and block scoria and cinders, 
some mixed with obsidian, flank this eruptive fissure that extends from the level of East Lake to a 
height of about 700 feet {214m). This fissure is part of the Northwest Rift Zone of Newberry Volcano. 

Lou Clark
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Hole-in-the-Ground - Fort Rock-Devils Garden Area Field Trip 

Geolog i c  Summary 

Hole- i n-the-Grou nd ,  Fort Rock , and th e Devi ls G arden are volcan i c  landforms near th e center of th e H i gh  Lava  
Plai ns of  central Oregon , rough ly 50  mi les (80 km )  south east of Bend . 

The H i gh Lava Plai ns form a h ummocky , undulat i ng  u pland region u nderlai n by a th i ck section  of Cenozo i c  
volcan i c  rocks . Most of  th e surface shows li ttle o r  n o  eros ion . T h e  few establ ished drain ages empty i n to broad ,  
sh allow basi ns th at have n o  outlets . I t  i s  an area of relat ively low reli ef th at merges southwar d  i n to th e Bas i n  and 
Range topography w h ere  prom i nent  fau lt scarps , t i lted mou n tai n blocks , an d i n terve n i n g  graben  valleys are so 
character i s t i c .  Th e predom i nan t  northwest trend of th e fau I ts of the Bas i n  and Range cont i nues i n to th e H i gh Lav a  
Plai ns ,  and along these weakened zon es are th e vents and r i fts th at eru pted th-e enormous amounts o f  flu i d  basalt 
th at man t i  ed th e surface . 

Th e oldest rocks exposed are Pli ocene andes i tes , daci tes , and glassy rhyoli tes th at p i led  u p  arou nd  the i r  
vents t o  form steep-si ded,  dome-sh aped masses . Eroded remnan ts of these st i ll proj ect above th e su rrou nd i ng ba­
salt i c  lavas i n  P i ne  Mou ntai n ,  Coug ar Mou n tai n ,  and H ogback Bu tte . Accompany i ng  explos ive  eru pt i ons sh ow­
ered pum i ce and ash i n to lakes that i n termi tten tly fi lled th e bas i ns . Also,  as d i atoms th r i ved and d i ed in th e 
s i li ca-r i ch w aters , layers of ashy  d i atom i te were deposi t ed i n  th e lakes . 

Basalt i c  erup tions predom inated at th e close of th e Pliocene ,  con t i n ued i n to th e Ple i stocene ,  and fi nally 
waned i n  Recent  t i me . Low basalt i c  domes and nu merous ci nder con es ,  th e ir summ i t  craters now breached  or 
fi lled ,  mark th e w i despread vents where basalt i c  lavas rose and flowed out . Wh ere a vent  w as s i tu ated w i th i n  or 
near one of the sh allow lakes ,  magma near i ng the sur face and encou nter i ng  large amou n ts of water burst i n to 
steam and v iolen t ,  closely spaced explos ions of comminu ted rock th at shot h i gh i n to th e ai r .  Th i s  materi al dropped 
back to form maars w i th broad , sh allow craters and low r ims of lami nated palago n i te tu ffs and tu ff brecci a .  Some 
of the more prom i nent maars or remnan ts of them are Hole- i n -the-Grou nd  (figs . 1 4  and 1 5) ,  Fort Rock (fi g . 16), 
F lat Top (fi g . 1 7) ,  and Table Moun tai n .  

Perh aps th e mos t i n terest i ng and spectacu lar volcan i c  featu res are those th at emerged i n  pre-h i s to r ic  Recen t  
t ime , as flu i d  black lava eru pted from nu merous vents i n  th e area .  The largest i s  th e Dev i ls G arden lava fi e ld ,  
wh ere abou t  45 squ are mi les ( 1 17 km2) h as been  covered by  th i n  flows of  pahoehoe lav a .  For th e s tudent  of lava­
flow featu res th e Dev i ls Garden is r i ch i n  excellen t  examples . 

Th e lav a ori g i n ated fro m  fissure vents i n  th e north and north east  p ar t  of the Dev i ls G arden an d spread to th e 
sou th and sou thw es t . Several roun ded  h i lls and sli gh tly h i gher  areas of older rocks are now "k ipu kas" completely 
surrou nded by th e fresh black lava .  The eru pt ions were of the qu i et type ,  w i th only moderate f i re  fou n tai n i n g  at 
the two vents fro m  wh i ch all th e lava flowed . F i gure 1 8  shows the mai n  vent  bordered by low spatter rampar ts .  
From h ere th ere w as flow age northwest through a n arrow , open lava gutter and also to the sou th , wh ere  th e lava 
was d i str i bu ted  through a large , s i nuous,  well-develo ped  lava tu be ,  Derr ick C ave . Th i s  part  of th e f i ssu re  i s  
marked by a row of  small spa tter cones th at extend to  th e sou th eas t  (fi g . 1 9) .  About a mi le south th e erup t ive  
fissure i s  marked by anoth er row of  spatter cones,  two o f  w h i ch ,  "Th e B low ou ts "  (fi g .  20), are except ionally 
large .  The  pahoehoe surfaces are pockmarked by depress ions of v ar ious s i zes and sh apes caused by collapse as 
flu i d  lava drai n ed from beneath a h arden i ng cru st (fi gs . 2 1  and 22). Most of the u pper surfaces of th e ju mbled 
slabs and sheets of lava d i splay th e typ ical ropy, w r i nkled crus ts . Where res i s tance to th e fur th er spread i ng of 
the lav a w as too great , th e crust swelled u pward i n to low rounded,  cracked"{)pen domes or tu mu li . 

Th e age of th e D evi ls Garden flows can only be con j ectu red . Apparen t fresh ness of th e spatter con es an d 
lava surfaces is decei tful .  Telltale ashy so i l  and pu mice fragments i nd i cate a date pr ior  to Moun t  Mazama' s 
cataclysm i c  erupt ions some 6 , 600 years ago . North of the Dev i ls Garden mu ch of th e s li gh tly older lava surface 
h as been blan keted by pum ice showered from explos ive erup tions of Maz ama and N ewberry volcanoes . Sh allow 
depress ions and level areas li ke Sand  Flat (fi g . 23) h ave  accu mu lated th i cker depos i ts o f  pum i ce lap i lli , and a 
vegetat ive  cover h as not  yet been establi sh ed . 

N .  V .  Peterson 
Edi tor 
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AERIAL PHOTOGRAPH OF THE 
DEVILS GARDEN LAVA FIELD 

STUDY AREA 

Aerial view of the northern port 
of the Devi Is Gorden I avo field 
from around 27,000 feet (8200 m). 
The scale of the photograph and the 
facing geologic mop ore approxi­
mately the some. 

The two main vents con be seen 
ot the extreme east edge of the 
fresh block lovo. The northernmost 
De vi Is Gorden vent is bounded by 
low ridges of spotter and cinders; 
the vent to the south is marked by 
two closely spaced spotter cones, 
locally coiled "The Blowouts." To 
the east of the Devils Gorden, 
partially eroded cinder cones pro­
ject above the surrounding basalt.  
The largest, Ludi Butte, is the 
source of o flow of block lovo that 
con be discerned beneath the soil 
and vegetative cover. Hogback 
Butte, on eroded ridge of Pliocene 
(?) andesite, lower right, has been 
surrounded on three sides by the 
Devi Is Gorden flows. 

Roll 28, Exposure 3224, West­
ern U . S. Project 109F. 
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GEOL OGIC MAP OF THE D EV IL S  GARD E N  L AVA F I EL D  S T U D Y  AREA . 
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Figure 1 4 .  Hole-in-the-Ground, a late Pleistocene maar, viewed from the south. This crater is nearly 
o mile ( 1 . 6  km) in diameter and the highest point on the east rim is 500 feet ( 1 53 m) above the crater 
floor. Basalt flows exposed in the far wall underlie the explosion tuff breccias as shown in the geo­
logic cross-section below (fig. 15) .  
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Figure 1 5 .  General ized Geologic Cross Section of the Hol e-in-the-Grou n d .  



F igure 1 6 .  Fort Rock, looking south. Erosional remnants of the rims of a large tuff ring that once pro-
i ected os an island above ancient Fort Rock lake. The steep wave-cut cl iffs of Fort Rock display the 
initial dips of thin layers of palagonite tuff that accumulated when exploded debris settled around a 
broad crater. 

Figure 17.  Flat Top, a rounded lava-capped mesa. This is the remains of a large tuff ring, composed of 
inward-dipping, thin layers of yel low-brown palagonite tuffs and breccias. After the tuff ring was 
built, lava welled up inside to form a molten lake, which overflowed the northwest rim. 
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Figure 18.  Main vent of Devils Garden, looking north, from 1 , 000 feet (305 m) above. The channel or 
gutter through which the lava flowed to the northwest can be seen in the upper left. A stream of lava 
also flowed to the south through a wel l-developed lava tube. 

Figure 19. Row of spatter cones ot the eo stern edge of the Devi Is  Garden. Here eruptive activity weak­
ened ond died out to the southeast at upper right. These hollow cones of reddish agglutinate range in 
size from a few feet in diameter to as much as 30 feet (10 m) in diameter. 



Figure 20. Bird's-eye view of "The Blowouts" from the south. Note the row of smaller spotter cones 
extending to the south . The north blowout is about 400 feet (122 m) in diameter and 150 (46 m} feet 
high, and the south one is only slightly smaller. Bonks of the gutter where lava flowed con be seen 
just to the west of "The Blowouts." 

Figure 21 . Pahoehoe lava surface of the Devils Gorden lava field viewed from on altitude of about 
1 ,  000 feet (305 m). Numerous col lapse depressions ore eviden t .  A I ight coating of ash and wind­
blown soil is present within irregularities on the lava surface. 



Figure 22. View of the pahoehoe lovo surface of the Devi Is Gorden lovo field from 1 ,  000 feet (305m) 
altitude. Collapse depressions of mony sizes ond shapes show the sinuous nature of the subcrustal dis­
tributary channels. Note the abundance of smol l ,  almost circular, depressions. 

Figure 23. Sond Flot, o barren oreo obout 20 miles (32 km) eost of Newberry Volcano, where popcorn­
size pumice lopi l l i  hove accumulated to o considerable thickness. The source has not been determined, 
but it moy hove been Newberry Volcano, whose brood shield con be seen in the background. 
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Belknap Crater-Yapoah Crater- Collier Cone Area Field Trip 

Geo log ic  Summary 

A l ong U . S .  H i ghway 20 northwest of  Bend th e under l y i ng roc k  is predomi nant ly  Quaternary basa l t  that erupted 
from various vents at the foot of th e Cascade Range . Pu m iceous tu ffs and ash -f low tu ffs exposed in the v i c i n i ty of 
the Desch utes R iver may be l ate P l iocene in age . From th e j u nct ion at S i s ters , the rou te fo l lows th e Mc Kenzi e 
H i ghway westward on a gradua l c l i mb to th e crest of the Cascade Range . At th i s  poi nt i s  Dee Wr ight  Observatory 
from wh ich  a panorama of l ava f ie l ds and peaks can be seen . Wi th the aid of maps and photographs th e features 
of the stu dy area are presen ted . 

North S i ster i s  the o l dest vo l cano of the Th ree S i sters and,  according to Wi l l i ams ( 1 944) , i t  began w i th th e 
growth of a l arge sh i e l d  composed of o l i v i ne  basa l t  and basa l t i c  andesi te wh i ch  rests on a pre- P l iocene vo l can i c  
basemen t .  Th is  stage of deve lopment was  fo l lowed by the eruption of pyro c l as t ic  ro.c ks and  some fl ows wh i ch bu i l t 
th e su mmi t cone . The vo l cano Li t t l e  Brother , a paras i t i c cone on the western s l ope of North S ister ,  i s  a sma l l 
rep l i ca  of i ts hos t .  Mt . Wash i ngton to the north formed i n  a manner s im i l a r  to North S i ster . A l l have been deep l y 
eroded by g l ac iat ion,  expos i ng di kes and centra l  p l u gs wh i ch  were th e eru ptive feeders . 

Mi dd l e S i s ter i s  younger than North S i ster and has been l ess modi fied by g l ac i a l  action . The compos i t ion 
of i ts summi t cone i s  more l i ke that of South S i ster , descr ibed in a previous sec t ion o f  th is pub l i cat ion . Obsi d ian  
C l i ffs , a l arge f low of g l assy dac i te ,  l i es on th e western f lank  of M idd l e  S i ster . 

B l ack  Crater was formed mai n l y  from f lows of basi c l avas , wh i ch were g l ac ia l l y  mod if ied,  bu t vo l can i c  ac­
ti v i ty cont inued i n to post-g l a c i a l  t ime and bu i l t  a p i l e  of c i nders and agg l omerate over  th e vent . More recent l y ,  
two c i n der cones have erupted , o n e  on the northeast f lank  a n d  th e other ,  Mi I I i  c a n  Cra t er ,  a t  th e sou thern base . 

W i th i n  th e s tudy area there are a number of c i n der cones , such as S i ms Bu tte and Tw i n  Craters , that are of  
recent or ig i n; but attent ion i s  draw n to  the  l atest vo l can i c  features . Th ese are the i mmense , barren l ava fi e l ds 
of Be l knap Crater and L i t t l e  Be l knap (aer ia l  photograph on page 32) and the cones and l avas of Yapoah Crater , 
Four-i n-One Cone , and Co l l i er Cone (aer ia l  photograph on page 34) . 

Between the opposi ng s l opes of North S i s ter and  Mou nt Wash i ngto n ,  ou t-pour ing  of basa l t  formed a sh i e l d  
vo l cano now th e s i te of Be l knap Crater . Paras i t i c  c i nder cones erupted a bo u t  i ts f l anks ,  b u t  l a ter f l ows bur ied 
most of th ese cones , l eaving on ly a few ki pu kas (i s l ands) surrounded by lava . Two k ipu kas can be seen northwest 
of Dee Wr ight  Observatory . Pyroc l ast ic  eruptions occurred a l so at the summ i t  of  th e sh i e l d ,  bu i l d i ng a l arge,  
doub l e-cratered c i nder cone , and l avas were extruded from the base (fi g .  24) . Most of  th e l avas w ere erupted 
as pahoehoe f lows , bu t ,  because of th e steep grad i en t ,  th e hardened crus t  was cont inua l l y  broken up dur i ng  f low ­
age . Large s l abs were overturned ,  . u pended,  sheared , a n d  p i l ed .  Th i s  d isarray was compou nded b y  co l l apse o f  
the crust a s  f l u i d  l ava dra ined from beneath· i t .  

L i tt l e  Be l knap , a parasi ti c erupti on ,  l i es on  th e eastern f lank o f  Be l knap Crater . Copious amou nts o f  ba­
sa l t i c  l ava were ex truded fro m a s i ng l e  vent as pahoehoe f lows , w h i c h  were broken to form a chaot i c  su rface l i ke 
that desc r i bed above . Th e vent is now p l ugged by a dome of b loc ky l ava reddened by fumaro l ic act ion (fi g .  25) . 
An unusu a l  feature at the su mm i t  i s  a sma l l  feeder condu i t ,  roofed over by spatter , wh i ch connects direc t l y  w i th 
a l ava tu be and probab ly  is the l ast  extrus ion on Li tt l e Be l knap . 

On the north f lank of th e Nor th S i ster are typ ica l  c i nder cones , Yapoah Crater and Co l l i er Cone, of very 
recent age . Basa l t ic l ava f lowed to the west from th e base of Co l l ie r  Cone and consequen t ly  breached the cone 
(fig . 26) . Th i s  aa fl ow shows . an  exc e l l ent examp l e  of l ava l evees w h i ch confi ned a r i ver of mo l ten l ava . A 
second f low or branch proceeded part way a l ong the north s i de of the ear l i er f low . A l arge area strewn by c i nders 
l i es to th e east . of Col l i er Cone and i s  named th e "Ah a l apam C i nder F ie l d . " Most of th ese pyroc l as t i cs were pro­
duced by th e exp los ive acti v i ty at Co l l i er Con e ,  a l though Wi l l iams ( 1 944, p. 55) be l i eves th at h i dden fissure 
vents con tr i buted some of th e e j ecta . 

Yapoah Crater (fig . 27) i s  nota b l e  for th e th i c k ,  coarse aa f low w h i ch ran north to L i tt l e  Be l knap and then 
turned east to  trave l more than 4 m i l es (6. 4 km) . Dee Wr i gh t  Observatory i s  s i tuated j ust to  th e west  of  the mai n  
channe l of th i s f low .  A l a ter , branched a a  f l ow ran northward from Yapoah but i ts course was west o f th e  ear l ier  f low . 

Four-i n-One Cone is u n i que i n  that  four c l ose l y  spaced erupt ive cen ters a l ong a fi ssure t.. ; c i n ders to 
form a fea ture cons i st i ng  of four c i n der cones coa l esced i nto one e longated, sca l l oped ri dge . La�t. f l ow i ng s imu l ­
taneous ly  from the quadru p l e  vents breached th eir  western s i des . 

Benson ( 1 964) i nd i rect ly  dates a f law from Sand Mounta i n ,  wh i ch l i es northwest of the stu dy area , at about 
3 , 000 y . B . P .  From contact  re l ationsh i ps h e  has determi ned that th e Be l knap and L i t t le  Be l knap f l ows are younger 
and, in turn , the Yapoah , Four- i n-One , and Col l i er lavas are th e youngest in th is reg ion . F igure 28 shows the 
Yapoah f low and L i tt l e Be l knap fl ows i n  contac t .  

A long the return route between Tumo l o  and Bend ,  exposures o f  ash-flow tuff are numerous . S i mi l ar mater ia l  
crops out  i n  severa l abandoned pu m ice  quarries near Bend  (fig . 29) . 

E .  A .  Groh , Ed i tor 
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AER IAL  PH OTO GRAPH O F  T H E  
BE LKNAP C RAT E R ­

L ITTLE  B E L KNAP STUDY AREA 

Be low i s  the geo l og ic  map wh ich 
exp l a i ns the area covered by th i s  
h i gh-a l ti tude photograph . The  map 
sca l e  a l so approxi mates d istances 
i n  the photograph . 

The snow -covered peak in the 
upper center is Mt . Wash i ngton . 
The vast area of barren l avas is a 
basa l t  sh i e l d  topped by a snow ­
covered c i nder cone, Be l knap 
Cra ter . S l ight l y  darker and young ­
er l avas on the eastern f lank are 
from th e paras i t ic  vent ,  L i tt l e 
Be l knap . 

Near the lower r ight  corner i s  
th e Mc Kenz ie  H ighway . Dee 
Wright Observatory , a construc ted 
v iew i ng poi nt ,  is  on the H igh 
Cascades d iv i de at an e l evat ion of 
about 5 , 400 fee t (1 , 650 m) . 

Rol l 63, Exposure 7884, 
Western U . S .  Project 1 09F . 
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AE R IAL  PH OTO G RAPH OF THE  

YAPOAH C RAT ER - CO L L I E R  
C O N E  STUDY A REA 

Be low is a geologi c map wh i ch 
covers th e area of th e photograph . 
The sea l e of th e map may be used 
to approx i mate d i stan ces on th e 
photograph . 

The north ern f l ank  of North 
S i ster is a t  th e l ower r ight  of  th i s  
h i gh -a l t i tude photograph . I n  de­
tai l can be seen th e basa l ti c  l avas 
wh i ch have streamed to the west­
ward from Col l i er Cone . Exce l l en t  
examp l es of l ava l evees show on 
th e f low wh i ch poured to  th e west 
off th e l i mi ts o f  th e photograph 
i nto th e Wh i te Branch of  the 
Mc Kenzie R i ver . Th e b l oc ky f l ow 
from Yapoah Crater f l owed more 
than three m i l es (4 . 8  km) north ­
ward, meeti ng the barr ier of Li tt l e 
Be l knap,  th en turned north east to 
f low on for 5 m i I es (8 km) more . 
Dee Wr igh t Observatory is l ocated 
on th i s  f l ow ju st to th e l eft of the 
bend in th e l ava channe l . 

Ro l l 67, Exposu re 8424, West­
ern U . S .  Pro j ec t  1 09F . 
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Olivine basalt and basaltic andesite, 
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Figure 24. The summit of Belknap Crater looking to the north. The large cinder cane caps a brood 
basaltic lava shield. Mount Washi ngton, a glaciated stratovolcano, is i n  the background .  

Figure 25. The summit of little Belknap, a parasitic lava eruption on the eastern flank o f  Belknap 
Crater. Lava has flowed radially away from the vent located in the center of the photograph. De­
tai I has been considerably obscured by the presence of unmel ted snows produced during an abnormal 
winter. 



Figure 26. Great quantities of lava flowed from this breached cinder cone, named Coll ier Cone, lo­
cated on the northern flank of North Sister. Lateral moraines deposited during the retreat of Coli ier 
Glacier ore to the right of the cone. (Delano Photogrophics No. 631 234i 

Figure 27. Yopooh Crater, o very recent cinder cone, situated on the northern flank of North Sister. 
Two craters ore present on its summit .  Lorge amounts of  lava flowed northward from vents at  the bose 
of the cone. View is from the north . (U.S. Forest Service photograph} 
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Figure 28. looking northward over the Yapooh lava flow, in the foreground, and the vast lava flows of 
little Belknap in the middle distance. Mt. Wash ington in the background. (Oregon State Highway 
Deportment photograph 427) 

Figure 29. An abandoned pumice quarry near Bend, Oregon. The face of the quarry exposes a bed of 
pumice lapil li  overlain by a thin layer of ash, which is in turn covered by an ash-flow tuff(ignimbrite). 
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Crater Lake Area Field Trip 
T H E  G E O LO GY OF CRAT E R  LA KE  NATI O NAL PAR K ,  O R E G O N * 

W i th a Reconna i ssance  of the Cascade Range Southward to Mou nt  Shasta 

By H owe l  W i l l i ams* * 

A B S T R A C T  

I n  Late Cretaceous ti mes ,  th e si te of th e Oregon Cascades was l a rge l y  i f  not en t i re l y  occup i ed by a sha l l ow 
sea . Du r i ng  th e Eocene per i od ,  w i despread u p l i ft drove the coast westward beyond th e l i n e of the Cascade 
Range ,  never to return . Vo l ca n i sm began in eastern Wash i n gton dur i ng th e ea r l y  Eocene  and gradu a l l y  
spread sou thward over Oregon . By l a te Eocene t i mes , vo l canoes w ere ac t i ve throughou t the presen t Cas­
cade be l t  and on  the  p l a teau o f  centra l Oregon . The c l i mate of Oregon  was then warm tempera te o r  su b ­
trop i ca l , a n d  a l ow p l a i n  spread far i n l a nd . D u r i n g  O l i gocene  and  Miocene t imes ,  vo l ca n i sm cont i nued 
on  a grand sca l e .  Farther east , t he  vo l can i c  depos i ts of  the John  Day formati on had been l a i d  dow n over 
an extens ive area and had been bu r i ed du r i ng  the Mi dd l e  Miocene by enormou s outpou r i ngs  of Co l u mb i a  
Ri ver p l a teau basa l t ,  eru pted from swarms o f  f i ssu res . Meanwh i l e  th e c l imate had  become coo l er a n d  a 
temperate , redwood f l ora had r ep l aced the  warmer f l o ras o f  th e Eocene . S t i l l ,  however , no h i g h  mou n ta i n  
range d i v i ded eastern fro m western Oregon . 

At the en d o f  th e Miocene per i od ,  renewed earth movemen ts took p l ace . At the sa me t ime ,  the vo l ­
can i c s  of  th e Western Cascades were i n truded by an approx i ma te l y  north -sou th l i ne o f  d i or i ti c stock . S i mu l ­
taneous l y ,  nor th -sou th frac tu res opened a l ong and near what  i s  now the crest  o f  th e Cascade Range . An 
i mportant  effec t of th ese d i s turbances was th e e l evat ion of a mou n ta i n  barr i er wh i ch shu t off  eastern Oregon 
from the supp l y  of mo i s tu re - l aden wi nds . For th e f i rst  t ime,  the f l oras on  opposi te s i des of  th e Cascades 
began to show th e marked d i fferences wh i ch they exh i b i t  today . 

Du r i ng th e P l iocene per i od ,  the d i stu rbed rocks of the Western Cascades su ffered rap id  eros ion , and  
a l ong the  summi t of  th e range th ey were bu r i ed by  th e produ cts of  H i gh Cascade vo l canoes . These  vo l canoes 
were l ess exp los ive  than  those w h i c h  had formed the  Western Cascade seri e s ,  and th e i r  pro du c ts were l ess 
d i verse . Wh ereas the o l der l avas range from rhyo l i te  to basa l t ,  those of the  H i gh  Cascade cones are a l most 
ent i re l y  composed of  o l i v i ne -bear i ng basa l t i c  andesi te and basa l t .  Many of  th ese younger f l ows pou red fo r 
l ong d i sta nces dow n canyons cut  ac ross th e Western Cascades . 

By the c l ose of the P l i oc ene per iod , the crest  o f  th e Cascade Range h ad become a h i gh p l a teau sur­
mou nted by over l app i ng  sh i e l d-shaped cones of  bas i c  l ava . In  th e su cc eed i ng P l e i s tocene per i od ,  a nar ­
rower ,  north -so u th be l t  of g i an t  andes i t i c  vo l canoes commenc ed to form on th e basa l ti c  p l a teau . Th ese 
cont i nued to erupt  and grow un t i l Recent  t i mes . Today they form th e crow n i n g  peaks of  the Cascade Rang e .  
T h e  bu l k  of  th i s  report dea l s  w i th the r i se o f  o n e  o f  th ese andes i t i c  cones , Mou n t  Mazama ,  a n d  t h e  man ner 
in w h i c h  i ts sum m i t  was destroyed . 

Mou nt Mazama rose from a basement th e e l evat ion  of w h i c h  l ay betw een 5000 and  6000 feet ( 1 525 
and 1 830 m) . By the t ime  th e vo l cano reached fu l l  statu re , th e summi t rose to a h e i gh t  of  approxi mate l y  
1 2 , 000 feet (3660 m) . The  ma i n  cone  was  bu i l t  c h i ef l y  by  qu i et effusi ons of hypersthene andesi te . Exp l o ­
s ive  ac ti v i ty w a s  re l a t i ve l y  u n i mportan t . E rupt ions  took p l ac e  from a number o f  condu i ts ,  the posi t ions  o f  
w h i ch changed from t i me to t ime . Accordi ng l y ,  Mou nt  Mazama was never a s imp l e ,  symmetr i ca l cone; i t  
was , ra the r ,  a comp l ex o f  over l app i ng  cones . 

Toward th e c l ose of th e per i od  of andesi t i c erupt ions ,  f l ows of dac i te escaped from  fi ssu res far down 
the sou th and east f l anks of the vo l cano , and exp l os i ons of dac i te pu m i c e  a l ternated w i th f low s  of  andes i te 
from th e sum m i t  vents . 

* Repr i n ted by perm i ss ion  from Carneg i e  I nst i tut ion of Wash i ngton Pub l i cati on  540 , 1 942 . 
* * Professor of Geo logy ,  Un i vers i ty of Ca l i forn i a  a t  Berke l ey .  
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Perhaps  fro m  th e b e g i n n i n g ,  Mo u n t  Maza ma suppo r t e d  many g l ac i er s . Even th e o l dest  v i s i b l e I o vas 
ore  u n d er l a i n  by g l ac i a l  mora i n es .  I n  m a n y  p l a c es , t h e  ca l dera c l i ffs r e v e a l  l ayers  o f  bou l dery t i l l  a n d  
f l u v i o g l a c i a l  sa n d  i n terbedded w i th vo l c a n i c  ro c k s . Th e c o nst ru c t i o n a l  fo rces  bu i l d i ng th e vo l c a n o  stru gg l ed 
i n c essa n t l y  w i t h  th e e ros i v e  fo r c e  o f  i c e .  C l ea r l y ,  th e g l a c i ers  a dv a n c e d  a n d  r e treated m a ny ti m es . T h e i r  
grea test a d v a n c e  c o me a fter th e da c i t i c  e ru p t i o ns m e n t i o n e d  abov e .  A t  th a t  t i m e ,  many to ngues  o f  i c e  
w e r e  more t h a n  1 0  mi l es ( 1 6 .  1 k m )  l o n g ,  a n d  o n e  ex tended 1 7  m i l es (29 . 4  km ) fro m t h e  su m m i t .  I n  so m e  
o f  t h e  c a n yo n s ,  th e t h i c k ness  o f  t h e  g l ac i ers  exceeded 1 000 f e e t  {305 m ) . Sa v e  for o few p ro j ec t i n g  o r � t e s ,  
t h e  w h o l e  o f  Mo u n t  M a z a m a  was  man t l e d by o n  u n i n terr u p t e d  sh e e t  o f  i c e .  

After t h e  per iod o f  maxi m u m  g l a c i a t i o n , w h en t h e  i c e  h a d  retreated fro m th e d iv i des a n d  w a s  co n fi n ed 
to t h e  c a n yo n  bottoms on th e u p per s l opes  o f  th e vo l c a n o , o s e m i c i r c u l a r o r e  o f  v e n t s  o p en ed on t h e  n o r th 
f l a n k ,  appro x i ma t e l y  5000 feet ( 1 525 m) be l ow t h e  su mm i t . From t h i s  N o r t h e r n  Arc of Veri t s , w h i c h  d e t e r ­
m i n es t h e  po s i t i o n  o f  t h e  north  w a l l o f  C r a t e r  Lake , v i sc ou s  f l ows o f  ondes i  te a n d  da c i t e  w e r e  eru pted . 
A bo u t  th e sa me t i m e ,  o c l u s ter of a c i d a n d es i te a n d  dac i te do mes  ro s e  n ea r  th e east  bose o f  Mou n t  Ma z a m a , 
a n d  m a n y  basa l t i c  c i n d er co n es w e r e  a c t i v e  on th e l ow e r  s l o p es . Exp l os i o n s  of dac i t e pu m i c e ,  por t l y  i n  
t h e  fo r m  o f  g l ow i n g  a v a l a n c h es (n u e e s  o r d e n tes) , a l so took p l a c e  fro m  t h e  su m m i t  r e g i o n . 

A l o ng per i o d  o f  gu i es c e n c e  e n s u e d . Th e g l a c i ers r e treated u n t i l  o n l y  t h r e e  s ma l l to ngu es ex t e n d e d  
beyo n d  w h a t  i s  n ow t h e  r i m  o f  Cra ter La ke . E v e n  th e l o ng est  s tr e t c h ed l ess t h a n  o m i l e  a n d  a ha l f  ( 2 . 4  k m )  
beyo n d  t h e  c a l dera r i m . T h e  s l opes  o f  th e v o l c a n o  w er e  a l mo s t  bar ren  o f  v e g e ta t i o n . 

T h e  c l i ma c t i c  e ru p t i o n s  th en bega n . At fi r s t  t h ey w ere m i l d , bu t soo n t h ey i n c r e a s e d  i n  v i o l e n c e .  
D u r i n g t h e  i n i t i a l  s tages , f i n e  dac i te pu m i c e  was  b l ow n  h i g h  a bo v e  t h e  su m m i t  v e n ts ,  to b e  d r i fted eastw a r d  
by th e w i n d . As th e exp l o s i o n s  beca m e  mo r e  v i o l e n t  a n d  th e p u m i c e  l u mp s  i n c reased i n  s i z e ,  th e w i n d 
veered  tow a r d  th e nor th ea s t . N o  l ess th a n  5000 sgua r e  m i l es ( 1 3000 km 2) w e r e  bu r i e d  b e n e a t h  t h e  e j e c ta 
to o depth  o f  more t h a n  6 i n c h es ( 1 5 e m ) . T h e  fi n er d u s t  spread o v e r  o vast l y  l ar g er area . So m u c h  press u r e  
w a s  th u s  r e l eased that  th e g a s e s  i n  t h e  feed i ng magma esca p ed fro m  so l u t i o n  w i th u n u su a l  ra p i d i ty .  Th e 
pu m i c e  w a s  no l o n g er pro j ec t ed h i g h a bove th e vents , b u t e sc a p e d  i n  pro d i g i o u s  amou n t ,  bo i l i ng o v er t h e  
cra ter r i m s  a n d  rush i n g  dow n th e s i des o f  th e vo l c a no a t  o t r e m e n dou s r a te ,  f l ow i ng after  t h e  m a n n e r  o f  
g l ow i n g o vo l o n c e s . M o s t  o f  th i s  pu m i c e  w a s  c o n fi n e d  t o  t h e  c a n y o n s , dow n w h i c h i t  ra c e d  fo r d i sta n c es 
u p  to 3 5 m i l e s ( 56 . 4  km) . W h e r e  no c a nyons  exi s ted , th e p u m i c e  f l ow s  spread as i n c a n desc e n t  s h e e ts . 
T h o se th a t  sw e p t  dow n th e east  a n d  north ea s t  s i des of th e vo l c a no dep l oyed o n to t h e  fl a ts border i ng the 
K l a ma th Marsh . S u c h  w a s  th e i r  pow e r  t h a t  th ey tra v e l e d  25 m i l es (40 km)  fro m th e i r  so u r c e ,  th o u g h  h a l f 
t h e i r  j o u r n ey l oy a c ro ss o p l a teau . Tw e n ty m i l es (32 k m )  from th e v e n ts , th e f l o w s  i n c l u d e  bombs o f  pu m i c e  
1 4  fee t  ( 4  m )  ac ross . J u s t  befo r e  th e g l ow i n g o vo l o n c es c e as e d ,  t h e  ej e c ta c h a n g e d  fro m  da c i te p u m i c e  to 
c ry s ta l -r i c h  bas i c  scor i a . W h e n  th e eru p ti o ns  hod c o m e  to o n  en d ,  the g l a c i a l  c a nyons  w e re tra nsfo r m e d  
i n to b r o a d  p l a i n s do tted w i th c o u n t l ess fu maro l es .  E a c h  c a nyon h o d  bec o m e  o " Vo l l ey o f  Ten  Th o u s a n d  
S mo kes . "  T h e  a bu n da n c e  o f  c h a r r e d  l og s  w i th i n  t h e  depos i ts o ffers v i v i d  test i mo n y  t o  th e destru c ti o n  o f  th e 
for ests . 

W h e n  th e c u l m i n a t i n g  eru p t i o n s  were  over , t h e  su mm i t  o f  Mou n t  Mazama h o d  d i sapp ear ed . I n  i ts 
p l a c e ,  t h e r e  w a s  o c a l dera b e tw ee n  5 a n d  6 m i l es (8 a n d  9 . 7  k m )  w i d e a n d  4000 feet  ( 1 220 m )  deep . H ow 
w a s  th i s  fo r m ed? Cer ta i n l y  not  by t h e  exp l os i v e  decap i ta t i o n  of t h e  vo l c a no . Of the 1 7  c u b i c  m i l es 
(70 km 3) o f  so l i d ro c k  th a t  v a n i s h e d ,  o n l y  a bou t o ten th c a n  be fo u n d  a mo n g  t h e  e j e c ta . Th e rema i n d e r  o f  
t h e  e j e c ta c o me fro m t h e  magma c h a m ber . Th e vo l u m e  o f  t h e  pu m i c e  fa l l  w h i c h preceded th e pu m i c e  f l ow s  
a mou n t s  to a p pro x i ma t e l y 3 . 5  c u b i c  m i l e s ( 1 5 k m 3 ) .  O n l y  4 perc en t o f  th i s  c o n s i s t s  o f  o l d  ro c k  fr a g m e n ts;  
1 0  to 1 5  perc e n t  c o n s i s ts of  c rysta l s ,  a n d  th e rest  i s  m o d e  up o f  pu m i c eo u s  g l oss . T h e  vo l u m e o f  t h e  pu m i c e  
f l o w s  i s  ap prox i m a te l y  8 c u b i c  m i l e s (33 km 3 ) .  O f  th i s  amo u n t ,  o n l y  1 5  to 2 0  perc e n t  co n s i sts  o f  o l d  l av a  
fra g m e n ts . T h e  r e m a i n de r  represe n ts n ew m a g m a  i n  th e for m  o f  c rysta l s  a n d  g l oss . W ea k ,  dy i ng ex p l o s i o n s  
d epos i ted approx i m ate l y  a g u o r ter of o c u b i c  m i l e  .o f f i n e  e j ec ta ,  c h i e f l y c r ysta l s  a n d  m i n u te c h i ps o f  roc k . 
A c c o r d i n g l y ,  1 1 . 75 c u b i c  m i l e s (49 k m 3 ) o f  e j e c ta w ere l a i d  dow n du r i ng th ese sho r t - l i v e d  eru p t i o ns . I n  
p or t ,  i t  w a s  the rap i d  evac u a t i o n  o f  th i s  mater i a l  tha t w i t h d r ew support  fro m b e n ea t h  th e su mm i t  o f  t h e  vo l ­
c a n o  a n d  th u s  I e d  to a p ro fo u n d  e n gu I fm e n t . T h e  co l l a pse w a s  proba b l y  a s  ca toc l ys m i  c as th a t  w h (c h  p ro ­
duc ed t h e  c a l dera o f  K ro kotau i n  1 88 3 . 

S o m e  p ro c ess  oth er th a n  t h e  expu l s i o n  of magma from th e feedi n g  c h a mber  mu s t  a l so h o v e  o perat e d . 
Wh ereas  1 7  c u b i c  m i l e s { 70 k m 3 ) o f  t h e  vo l c a n o  d i sa p p ea r e d , at mo s t  1 1 . 75 c u b i c  m i l es (49 km 3) of e j e c ta 
w e r e  l a i d  dow n . Moreov er , by fa r t h e  bu l k  of th ese ej e c ta co ns i sts o f  v es i c u l ar g l o ss . Th e e gu i va l e n t  
vo l u me o f  l i g u i d  magma w a s  l ess t h a n  h a l f  a s  m u c h . Ac c o r d i n g l y ,  i t  m u st b e  co n c l u de d  th a t  d u r i ng o r  
i m m e d i ate l y  befo r e  th e g r e a t  e ru p t i o n s , I or g e  vo l u mes o f  m a g m a  w er e  i n j e c ted i n to f i s sures  a t  depth . I t  
w a s  by a c o m b i n a t i o n  o f  deep -sea ted i n t r u s i o n  a n d  ex p l o s i v e  e ru p t i o n  t h a t  t h e  magma c h a m be r  w a s  d ra i n e d  
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to make room for th e co l l apse of  th e peak of  Moun t  Mazal')1a . Doub t l ess th e ca l dera f loor a l so su bsi ded by 
coo l i ng and so l i d i f icat ion  of  th e magma l eft be l ow . 

The co l l apse of Mount  Mazama was eccentr i c  w i th respect to the former summ i t ,  for th i s  l ay we l l to 
the sou th of what  i s  now the cen ter of Crater Lake . Th i s  eccentr i c  co l l apse was con tro l l ed by the  pre­
exi st i ng semi c i rc u l ar l i ne  of  weakness a l ong w h i c h  th e Northern Arc of Ven ts was farmed .' 

The forma t ion of Crater Lake took p l ace  approx i mate l y  5000 years ago . The  di scovery of art i fa c ts 
beneath the pum ice  deposi ts shows tha t  man a l ready i nhab i ted th i s  part of Oregon a n d  was a d is tant  w i tness 
of  the ca tastroph e .  

After a per iod o f  qu i e t  o f  un known durat ion , a c ti v i ty commenced anew . C lose to th e w estern edge 
o f  the ca l dera rose th e cone of Wi zard I s l and ,  th e fi na l  act of w h i c h  was to erup t  a rugged sh ee t  of  b l ocky 
l ava , perhaps no more than  a thousand year� ago . As i n tra-ca l dera erupt i ons went  on , r a i n  and snow formed 
a l a ke on th e f l oor , and  th i s  cont i nued to ga in  i n  vo l u me un t i l i t  reac h ed a depth of a l most 2000 feet (6 1 0 m) .  

Note by the Ed i tors :  

S i n c e  the ti me  Wi l l iams  pub l i shed th i s  work on th e geo l ogy of Cra ter Lake Nat iona l  Park ,  rad iocarbon 
da ti ng of charcoal  i ncorporated in th e pu m i c e  f lows  revea l ed an age of abou t 6600 years for the eru pt ion . 
Th i s  age has been fur th er conf i rmed by radiocarbon  dat i ng  o f  a rcheo l og i ca l  si tes a t  w h i c h  Mazama ash was 
i den t i fi ed (L i bby 1 952; Ru bi n and  Al exander 1 960) . 

Recent  s tu d i es on th e d i s tr i bu t ion  of Mazama ash show that i t  extends a t  l east 600 m i l es (970 km) 
north er l y  from i ts source and more than 500 m i l es (BOO km) to the eas t .  Th i s  corresponds to a m i n imum  area 
for the ash fa l l  of a bou t 350, 000 square mi l es (900, 000 kml) (Pow ers and  Wi l cox 1 964; Fryxe l l  1 965) . 

A deta i l ed bathymetr i c  survey o f  Cra ter Lake was made i n  1 959 by the  U . S .  Coast a nd Geodeti c 
Survey . Byrne  ( 1 962) prepared a bathymetr i c  char t  from the su rvey data a n d  desc ri bed some o f  th e u nder ­
water fea tures . H i s  char t  and  text a r e  repr i nted h ere i n .  

F i gures 30 to 34 are pho tographs of some of th e prom inen t  fea tu res of  C ra ter Lake . 

F i gure  30 . The north eastern wa l l  of Cra ter Lake . Th e Pa l i sades at l eft , Round top i n  m i dd l e , and W i ne­
g l ass a t  r i gh t .  T i m ber Cra ter l i es i n  m i dd l e  di stance and Mt . Th i e l sen i n  bac kgroun d .  Th e Pa l i sades 
and Roundtop are th i c k  andesite f l ows . I gn i mbr i te over l i es pu m i c e  in Wi neg l ass . (Oregon State H i gh ­
way D ept . Photograph 6290) 
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BATHYMETRY OF CRATER LAKE, OREGON* 

By John V .  Byrne** 

Crater Lake, Oregon, is unquestionably the deepest lake in the United States (1 , 932 feet [580 m] ), and 
in North America is exceeded in depth only by Great Slave Lake in northern Canada (2,014 feet [605 ml).  
Depth measurements were first mode in  Crater Lake i n  1 886, again in  1 938-40, and most recently during 
the summer of 1959. The recent study, carried out in great detail by the United States Coast and Geodetic 
Survey, mode use of echo-sounding methods and was mode under the supervision of R .  E .  Wil l iams. This 
survey ( U . S . C . &  G . S .  Hydro Survey No. 8498) provided the basis for the accompanying bathymetric 
chart, which is controlled by soundings at more than 4, 000 individual locations. 

The use of o 1 0-fothom (60-foot [ 1 8 . 3-m] )  contour interval makes several features of geologic in­
terest apparent. As the runoff and amount of sediment supplied to the lake ore l i mited, l i ttle modification 
of the original surface con have token place by erosion or deposition, ond the bathymetric chart, therefore, 
essential ly represents the configuration of the original volcanic surface. Attention is directed to the lobe 
extending eastward from Wizard Island, undoubtedly o lava flow; to the conical mound at the inner edge 
of the lava flow , probably o volcanic cone which has been buried to some extent by the lava flow; and to 
the almost perfect cone rising to 81 fathoms ( 1 48 m) in the north-central port of the lake. This cone has 
been named Merriam Cone by Howe! Wi l l iams (1961) in a short article which includes o less-detai l ed chart 
of the lake based on the some survey. Southeast of Merriam Cone, the lake is deepest, 322 fathoms (1 , 932 
feet [580 m] ), and has o flat bottom which Wil liams considers to be o lava plain smoothed somewhat by 
I a ter oshfo I I  s .  

Rock samples dredged from the flank of  Merriam Cone consist of hypersthene-augite andesite, where­
as those dredged from the mound at the inner edge of the Wizard Island lava flow ore vi trophyric hypersthene­
hornblende dacite {Wi l l iams, 1 96 1 ) .  

* Reprinted from the ORE B I N ,  v .  24, no. 10, 1 962.  
Deportment of Oceanography, Oregon State University, Corvo I I  i s ,  Oregon . 

Figure 31 . The Watchman, ot left, and H i l l man Peak, in the center, on the western rim of Crater Lake . 

The Watchman is on andesite flow with o domol protrusion over the vent. H i l l man Peak is almost 
2, 000 feet (610 m) above lake level and is the highest point on the rim. It  is o remnant of o para­
sitic cone composed of andesite flows and pyroclastics that developed on the side of Mt. Mazama . 
(Oregon State H ighwoy Deportment Photograph K-5449) 
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Figure 32. Crater Lake viewed from the west. The ruins of Mt.  Mazama after the catastrophic eruptions and caldera col lapse, which occurred about 
6,600 years ago. The Watchman, overlooking Wizard Island, is in the middle foreground on the caldera rim where the rood loops around its flanks. 
Next to the left is the ridge of Hi l lman Peak. At the far left is Lloo Rock. Farther on arounc! the rim ore Pumice Point, Cleetwood Cove, The 
Palisades, and Roundtop. On the distant wall rises the Redcloud dacite flow with Mt. Scott beyond. Next is the glaciated Kerr Valley and to its 
right, Dutton Cliff. On the for right con be seen the U-shoped glaciated Sun and Munson Volleys with Applegate and Garfield Peaks between them. 
(Delano Photogrophics photo 581064) 

.,.. 
'() 
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Figure 33. Wizard Island, looking east. This cinder cone rises about 760 feet (230 m) above the lake 
and has a crater 300 feet (92 m) across and 90 feet (27 m) deep. Two flaws of pyroxene andesite 
lava have extruded from the bose of the cone. The right, and older, flow is a block lava; the left, 
and younger, flow is more representative of aa lava. (Oregon State Highway Department Photo­
graph 7085) 

Figure 34. llaa Rock, viewed from the southwest on the Crater Rim Drive road. The height of the cl iff 
is about 400 feet (122 m). Llao Rock, a lava flow, is composed of vesicular vitric dacite which 
erupted into a glacial valley and was subsequently beheaded by caldera collapse in the formation of 
Crater Lake. (Oregon State Highway Department Photograph 5312) 
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