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GEOLUGICAL HISTORY OF CRATER LAKE, OREGOX.

Ity J. 5. Disiee,
Limifol Stafes “d.'ll]'l'lgﬁ'l:l! .‘:rrrnr:r.

o Inkes in the Unived States ihere ame many and in great varicty,
but of crater lakes there is but one of great importance,  Crater lakes
are lakes which occupy the eraters of voleanoes or pits (calders) of vals
canic origin.  They are most abundant in Italy and Central Americn,
regions in which volcanoes are still active; and they oceur also in France,
Germany, Indin, Hawaii, and other paris of the world where voleanizm
has played an important rdle in its geobogic Mstory.

The one in the United States belongs to the great voleanie feld of the
Nortlwest, Crater Lake of southern Oregon lies in the very heart of the
Cascade Hange, and, while it is cspecially attractive to the geologist on
account of its remarkable geologic history, it is equally inviting to the
tourist and others in search of health and pleasure by communion with
the beautiful and sublime in mature. By the act of Mav 22, 1902, a
tract around this lake having an area of 159,360 ncres was st aside as n
national park,

According to W. G. Steel ' the lake was first seen by white men in
1853 It had long previously been known to the Indinns, whose legencds
have contributed a name, Llao Rock, 1o one of the proaminerces of iis
rm. They regarded the lake with awe as an abocde of the Great Spirie.
Prospectors were the carliest explorers of the lake® The first travelers
of note who visited the lake were Lord Maxwell and Mr, Bentley, who
in 1872, with Capt. O C. Applegate, of Modoc war fame, amd three ethers,
made a boat trip along its borders and named several of (e prominesees
on the rim after members of the party®  Mes, F. F, Victor saw the lake
in 1873, and briclly descrbes it in Atlantis Arisen.! The same year
Alr. &, AL Clarke gove an interesting account of the lake in the December
number of the Overland Monthly.

The first Geological Survey party visited the lake in 1883, when Evercit
Hayden and the wrter, after spending several days in cxamining the
rim, tumbled logs over the chiffs to the water's edge, lashed them together
with ropes to make g raft, and paddied over to the iskand. In 1836,

o

1 The Sleuniaing of Oregon, by W, O Siee], ifgs, gu ii

T The disevery anid swly hisoey of Crster Labe, by M. W, Oarmman, Massma, Vol, T, ¥a, ¢, Creier
Lake pumber, 83, iie pages,  This muonber esntalis mieh valmahle informalion concerning Crater
Lake in addigion s chat rofernsd (o

1 The mames Watchman, Cscber, Theo, anil Vidse, which appeas o the map of the lake, have boos
sdiopted By the Unlinl Slates Dand on Ceographie Namis,

it Azlaniiv Ardon, by 3. Frssch Puller Victor, 5 15
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under the direction of Capt. C. E. Dutton, many soundings of the lake
were made by W, G. Steel, and a topographic map of the vicinity was
prepared by Mark B, Kerr and Eugene Ricksecker,  Dutton wiss the fiest
to discover the more novel and salient features in the geological history
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Fig. 1.—XMar gpowiNg goUTES To CratEr Laks.

of the lake, of which he has given for his entertaining pen an all teo brief
weeount.!

Under the inspiration of the " Mazamas,” a socicty of mountain climb-
ers at Poriband, Oreg.,? a more extended study of the ke was made by
"3 Sckewer, Voo, VIT, 455, ;. spe-cha, smed Bighth Amemal Frport of ihe United Stales Geslogial

Fairvey, . (481 59,
8 Thi Maisenal Geographic Maparme, Vel VI, By, peise o2
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Government partics from the Department of Agrcultuee, the Fish Com-
mission, and the Geological Survey.'
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Fra. 3. —Mar of CratEr Laxt Natoxal PaEk.

A iopagraphie map ol the park om s scalke of coe @ik 0o (he ibch may Ve parehased from ibe Direoic
ol nhe Geosloghoall Baryey. Washington, Y, C., for g cenia

Crater Lake ia deeply set in the summit of the Cascacde Range, about 65
miles north of the California line, 1t may be reached, as shown in figure 1,

Lrager Lake Xaibnal Tark, Usttml Siates Crologiul Swivey 1m.-.4.c'-1 Pageer Mo 5, 150, #iy pagrs,
1y plates, by Ji 8. ThiBlet, asedl H. B, Paiton
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by two routes, one Tfrom Che Southern Pacific Rattroad at Medford or Ashe
land on the west, amd the other from the Southern Padbe at Kbkaoath
3 e ] 5
Fallzor Bag 2 prng,

wst bevomnod the bt of the Tk (fig. 1% on the cast.
Ashland and Mediord are in Hopoe River ".'.lll:,-:c, which marks the ling
betwern the Klamath Moeniains of the Cosst Range on the west and the
Cascade Hange on the cast,  The jourmey from Medford by private con-
ance B0 miles o Crnter Lake affordsz p good 4-||'|'u-|'|1:r|'i',_1,' to hiserve some
of 1l most §.|.||'|u-rl-||1r featnres of this great pale of lavas, The Cascade
Range in southern Oregon ix g brosd irregular platform, ferminating
rather abruptly in places upon its borders, especially to the westward,

Fig LoxEs AND LolLEEsS F THE SUMMIT PLATPGRS OF THE Cascane HaxNon
Uinpsw Peak ox 1o ment, Movst Melavawmax {Prer) ox FIiE nisTasen

whems the underiving Cretaceons and Tertiary seliments come 1o the
SErinee [I I HIATEFEFENLL 1 bv '\.1-||'.|I|:.|_' [kl ] ;31:||| |_~|'.||'||_'|_'_-\. ||-\.-n'__ ;":_ 1.'.||i-|":|

H L S nerally SapEssl |'|_ [RETY = HAECT Imes |||-'|t|_'J| ;'||'.|| 11|-_\-___:-.'||_ I'I"|||_' COilES Yary
',:II'.i‘.E:'.‘ m =z amd gee distnboted witliont r-:-::l_lhnil:._ Eacli lias bewi
unt active voleann,  The fmgments Blown oot by violent eruption have
fallen wpon the volenmie onfice from which th v issued amd boilt up
cnaler cores,  From their bhoses have spread streams of va (coubees),
:|.|.i-:|:|.; L gpeasernd level of the cmmstry between the cones. Frivm soane
venls by many cruplions, boath expl adve nnl efusive, large cones, like
AMeLoaghling Shasta, and Hoodd | love been Bl wp Wooere we Lo eximne
their interml strosctore, exposed I the walls of the canyvons enrved In
thir slopes, we should find them composed of overlapping lnvers of lava
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mis] voleanke comelomierate, o strmeetore whicl s well Alost rated o the dm
of Crater Lake

Flae jowrney Trom Ashband by the Deaed [ndian road crosses the mnge
wlwere the avernge altitude 2 bess than g Doet Ihe  Fodadl EHERTE
wilhin o few mabes of Mavisil l'-|l.'|.l-|1.'_!||'.I| afd skirts Pelican Hav of Ela-

math Lake, famous for s fishing.  Afier following northward for some 20

i3 1] —=TENTEE TUFF OF ANRNA CEFEKE CAKVON

miles along the eastern (ool of (ie range, i asocmds the castern shope:,
along the castled canvon of Anma Creek to the fom of Crader Lake

From Mediond or Gaold Hill the trip is a infle shorter by the Eogo
Hi'.l r |||;|_|| [l “E.-\.'.,[.. ARl 1-|:||- views of the coanvons mod I.I.|lll|~. [kl
that turbulent stream and of (e bhich (ol where it receives 112 afllo
ents.  Strking featwres along both reads, within 2o miles of the lake,
are the plaing developed upon o great mass of detrits filling the vallevs
Across these ploinsg Amna Creck and Hogie River have carved deep, par-
fow ennvons wilh feely -1".|||-I|||-.1'| witlls (e 4, which the roais [ollow

for soane chsd nnes
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With il COEp sletion ol the ratlromed on the ca=1 the L[ B ot fhae

lnke was preatly facihimted. Lenving the ruilroad near Klameth Falls,

o gmall steamer erosses Upper Klanaih Lake and connects with auto
bl s=ia e A b lake

Within the park, approaching the Iake from any side, the obseryver
srrs, % 1 the distant pari ol ftir 5, 0 beresnel elustier of genlle |l-.-.|L--
rang ahoni a thousand feet abwove the general coest of the mange on
which (hey stand, but not wotil after e has el the main rosad, 3 males
from the lnke, dors he begin to fecl the steepiwss of the ascent.  The way
winds over a large moraine littered with kava bowlders amid well studded

Fig. 5.—Rid of CRATER Lakn as s ruiod Tng =ouvtmn oy Axxa CEEER

with firs.  Armving ab Use crest, (lwe lake 1 all its nujestie Fsepunil v, s 1k

gure G, cornes suddenly o

ApEETE b i Lhe seeme, and §5 profoondly

Descending the wooded slope o short distance within the

I el v

rim Lo Victor Hock, on excellent eeoernl view of the loke 15 obtained.
Upon the left is the western border of (he

Ik, and upon the nght 18
southern border (fig. 7). The eve bel

2 20 tiles of unbroken cliffs
ranging feom over $o0 (o nearly 2000 feet in beight, encireling a deep
blue sheet of placid swater, in owhich the wirrored walls vie with the

ariginals in brllianey and greatly enbance the depth of the prospect.

The first point to fix our fascinat=] gaze is Wisard Islawd, lving nearly
x miles awav, near the western margin of the ke,

Iis irregular westerm
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e and the steey et svimmeirseal truncated oone i the eastemn JoT-
{iodE @i very suppestive of voleanie onpin. We ean nol, bowever, in-

Fii, G —LCmATPER LyEl A48 Sy FeoMd Y@ Vietol RocE spowisg TiE YW aTen
sk el Aacive PEAK, Wi iRD [staxn Ta Didviis Bacgsoxe, Liad RocE., PUusi
Porst, ane Morst Turiises 15 7ol msTascE

Plsogiaranh eepyFighined by Kiser Pliote O, Pertlail, Cveg

g, 5 Tun SOUTIEREY BOELER oF CrATHE LAKD as s=rny rroM Casten Caist

1|l||_|_;-_'-|.l|| 1-|'\-1 5-.'||1|I_|]l-|' Lok o R NPy Lik [|||_' '|'\-:..|II||_ EET ||1|' varsins Teainces
of the rim are of greater importance in unmveling the carlier stages of
i_l_'\_-\. _:-_'\-n|r'.'_:i|'.\_|! ]1i.-\.l_|rr'. 5

SeEin 1: 1
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The osuter and inner slopes of the fimoare in strong contrast; while
the one is gentbe, ranging in geseral froan 0o® to 157, the other is abrpt
and Tull of cliffs, as shown in figure 8. This differenee is well expressed
alze by the contour map in fgure 13, The vertical interval of the con-
tours is 30 fect.  Upon the inner slope the contours are crowded elose
together to show o slope so steep that one necds to travel hut a little way
to descend 50 feet, while wpon the outer slope the contours arc so far
apart that to descend 30 fect one needs to travel a considerable portion
of a mile, The outer slope at all points is away from the lake, amd as
the rime rises ab least 1,00 fect above the penernl summit af the range,
it s exvidently the hasal portion of a great hollow eone in which the lake
is contained.

In addition to the sirong coatrast between the oater aind inner slopes
of the rim the map slows the occomence of a number of small cones
upon ihe ouler skope of the great cone.  These adnate cones ane of
peculine significance when we come o consider the voleanie mocks of
which the region is composed.  The rim is ribbed by ridges and spurs
racinting from the lake, and the head of each spur is marked by a promi-
nence on the crest of the fim. The varation in the altitude of the rim
erest is 1,456 feet (from aboul 6700 at Kerr Noteh to 8,156 fect at Glacter
Peak) with seven points nsing above 8000 feet,  The erest gencrally is
passable, so that a pedestrian may follow it continwously arownd the
lake, with the r.-:n:n.'pl.:irm of short intervals about the notches in the
anithern side. At Cnny ]miniﬂ- the Fest FI.'IIIHK 5 o the inner stde of
the erest, where the open slope, generally well marked with deer trails
over beds of pumice, affonds an unobstructed view of the lake,

Reference has already been made to the ghwial phenomena of the
auter slope of the rim.  There are scattens] bowlders upon the surlace,
and also in piles of glacial moraine (fig. o), which contain besides bowl-
ders much gravel amd sand.  Such glacial dreift i3 spread far and wide
over the ssuthern and western portion of the fim, extending down
the watercourses in some cases for mikes 1o broad plains, through which
the present streams hove carved the deep and picluresque canyvons
alrendy observed on the ascent, At wmany points the lavas are well
rounded, smoothed, and striated by glacial action. This is truc of the
ridges as well as of the vallevs, and the distribution of these marks s
coextensive with that of the glacial detritus.

.ﬁ. l'l_-p.l:url: 'I_]l.ul'. 1% '|1;|r|!'i.l|:u1n:'|:." iln]:ln*ﬁ.sh‘n: ten the gml.ngixl mn.l-:.i.ug' N
I:ri]j aroiind the ke on Lhe fm eoest 13 Ul g-l,-:m:rul oecurrenee of p-nli:ﬂ'llhd
and siriated rocks, in place on the very brow of the eliff overlooking
the lake. The best displavs are along the erest for 3 miles northwest of
Victor Rock (fig. 10}, but they occur also ontheslopesof Liae Reck, Round-
top, Kerr Motch, and Eagle Crags, thus completing the circuit of the lake,
On the adjzeent slope (oward the lake the same rocks present rough
fracturcd surfaces, showing no striz.  The glaciation of the rim is a
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feitore ol s outer slogse only, but, as =lown i bgare o, F meaches up
to the very erest.  The glwiers armed with stones in their lower parts,
it strated the crown of the fion, et hnve coane down from abayve,
ail it is evident that the lopogrmphic eoanlitbons of fo-day afford no
sibch source of supply,  The formation of glaciers reguines an elevation
exteniing abaove the snow Biwe 1o afford a gailesing groand for the snow
that it may seewmolste, and vnder the influence of gravity descend Lo
dievelop glaciers lower down on tle imountain slopes.  During the glacial
period Crater Lake did not exist,  1ts site must then bave been ocenpied
by o wmmantain to formish the conditions necessary for the extensive
Flacintson ol the rim, and the magnitiele of the glacial phemsoamenn midis

Firg. o —0GEACTAL SMomaiE sodfmin ofFf YVictor Kook

cales tliat the peak wis a large one, rivaliong, appareatly, e hizlest
peaks of the mnge,

Thies Mazmmas held a 1||-.u-1i.|1;.; in Ampust, 13g6, ot Cnter Lake in eon-
wection with the Crater Lake olobs of Mediond, Azhland, and Klamath
Falls, o the smme Siaie li:-n':-,;ll:.n:l,; that the high msountan which
TR n-.'u'll.|.iu-|l. the II].l.I'I.' of the lake was mgomseles=, th ¥ chin=temsl i1,
with apprograte cen masbes, Alont Mazama,  The fm of the lake = 0
remriuint of Moant Masamea, bol when the name 58 vsed In (his pagr
reforemve b Dntended more especially to that part which has disappeaned.

The Lingter shopwe of tle rii, so well i view from Victor ook, :||'|l||-l':|,;'|:|
'|.l|:1.'l.']]:-illl1|.-. ks mob @ contineous cliff, It is made L isf EHLILS cliffs, wliose

horzomial extent s generally muech greater than e vertbeal, The
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eliffs are in leddgpes, and somettmes the whole '--.llll:n' Trowm orest Lo shaore s
o Ereal clafl, ol mlswolotely vertieal, 10 i fome, bot veb nt s hirh an
poegle ns oo panke B0 far beveodid Che possilility of climidng,  Datton CLf
ot Alee soutbwrn aid Lias Bock on the northern borders of the loke an
the gremilest clilfs of the rim, Besides eliffs, the ather elemenis of the
inner slope are forests and talus, and these make it possible at a few poings
to approeh te like, not with greatn ease, bt ver, care being taken, with
ftle danger.  Sowthwest of the Inke the inner shope, clearly seen fromm

Fib, g, — B sii AT CREST OF Hid aF Catiie Lagi

Thakegraphy Ly 36, M. Maarlvinr, cisasiesy of Sani lsimian. Fo lmam

Vietor Hock, is pretty well woosbeed, and from near U emd of the road,
jusd easi of Victor Heck, i steep tmall descends to the water,  Whene
fresbi talus sbopes prevall there are to treis, and the loose nmterial main
tadans Eloe steepiesl slope pessible sithoat sliding,  Sueh slopes are well
displaved alosng e western slore opposite (e shanl and oear e
et st corwer of the loke vnder the Pahsades, lhastrated in fieure 1.
At this podnt the mn is only 575 feet high, and & kg slide, calbed fromn
il'\-\. '\-\..IL:IIH' I:|||' 1|'|.-iI||';_'|:1'\-'\-. rl.'.;ll'1|-|"\-i flll-ltl Tt 1ok :-]|-|1||.'_

This bzt v of the rm ane obtained frops a boat on Uhe kaka . W liich
alfords an opportunity (o examine in detail the position and structiare of



Piri. it Thpi= Siche# UNEED Tiig Paimainis oxpee Hovsoror.  WindcLass oy THe eciT AND 4 THIN LAVER oFf TUFFACIS
RACITHE NEARE CTHEST N INGTIE SIDES OF Howt N pawe.
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the eliffs, 'l'|-|l.'.1- Aaf I'lll‘ll]hl‘va'll W ||||'.'|:| of voleanie comglomerate aml
slmeims of lava arramged in lavers, as shown in figoee or, that dip into the
riin wiwl away from the ke o all sides. Both forms of voleanic matenal
are well |"H.|H|-'\-'\.|_'~|1 o Lhe tradl descending 1he inner h.'|u|u-. ancl, although
muosk of the ohiffs nre of boen, many nee of comrlomernie

O orriving ot the water's edge the obaerver s struck with the fact ihal
there 34 no beach,  (See fig. 140 The steep slopes above ihe surface of
the lake continue beneath its waters to great depihs.  Here and there
wpon the shore, where a rill descends Trom o melving snow bank near ihe
crest, @ small delia degaosit makes a hiitle shallow, twrmimg the deep-blee
waler {o pale green

Fig. 12 —5%orTnEey s of Ceaten Lake reoud Vioan Coier 1o Garrmoin PEak,
SHOTIHG SIEETS GF LAVA DEPING AWAY FloM THE LAKE

As the bt skins twe western shiore aml passes toward Llaos Rock 1l
L|.:n-|'-.-|| structere ol the men ks evident, althoagh it is [.li.rlg.' viell ilhast rated
o il sales, O tle wlwle the vp sireams |-n1'ln:||‘|||:'|h. .:1tI|||'r||.!__r_|1
there = much conrlomerate, o M nll the ffows o i | LI b=
tniser .-I-:-|u.- that of Llno Reock s most ll-r-ﬂlliT.rHl and interesting,
In the middle M 35 ever 1,200 [eel thick, amnd fills sn  anctent
valley  dowen  the oater slope of the fm, (See fig. 150 Upon
cithir siche it tapers o a thin cdge against e apper shope of the valley,
To the lake it presents a sheer eliff—that s, it is abroptly eot off —and
o womkders low gl faether 50 meay Bove extendisd in thiet discetion
Bementh the rock the ostline of the valley in cross section s evident.  ©
resls TIfR T '||IIIIIi|.'||' :,||'.|| ||t.|||!.' ',.|:|.'|.'r'\-\. .||- |||_1]|'| I:"--l"-. j'||| '“i“'-\. |]|1_' ri.||| |_|||-|'|.:I
Lo the waters edge,  The direction of fow in (lis great lava stremm



iy, 15 —{E0LEECsL BRooNxomnsANey Map of Cerater Lake.

G, Clacial wweraine and decite tufl. DU Toflacesas dacite. [ Dacite. B, Basalt. A Hypersthene-andesite, —a. Hypae-
athene-andeste dikes, ==d. Dacite Elkes. =, Glacial strise,



Faa, rg.—5monng Curer, gaszt oF Facle Covny
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[opces us bo belwewve that 11 wos |-r|1|=|r|| from @ large vobltann wlhich apee
slownl 1pmen 1w st off 1l Tnke Eviery Tnvier of lavn i the rim s 0 conlee,
dipping away from the lake, This is especially well shown in the can
voat of Sun Creek (see fg. 12), et I bts outer Slope. The sections of
these mudisting lows exposed wpon the fnner slogse of thae i all tell vh
sy story a8 o ilwir source, By projecting e lovas in dheir course
toward a camrmos center we can recoarsiiset in faney the greal volemnn,
Moumt Mazama, which omee occupied 1he place of the lake, and, like
Shasta or Rawnier, formneid o great landmagk of the region.

!'Tnu.'n'-:ling castward from Llao Rock the im loscs somewhat in heighi,
anmil at the hegad of Cleciwoa] Cove one soes the remarkablde spectacke of a

Feo. 16 —-Lian RiacK FLow FILLENG AN EARBLIEE VALLHY OF TIHE RiM

lova st ream descendding £ he e ~.5n|:|_- o 11w rm It is 1l |||||:| aini 1hat
s belwved i this way, weel §rs action throws el fiole TR 1=
|'|.i'\-.i'||[ll:'i|.l'iLI:I|.'l' of Meount Mnzmina,

The Palegules mre less than o fect i clevation ahaoee the lake, and an
cormpwsed] almost whally of one great fow,  The streams of lava exiomd
ing morthenst foom this portion of the fdm are heoad and moch vounger
i apperance than these forming (e grent cliffs sonth of il ke, whens
the Hows are thinoer aod more nomerins

Rasanaltog is a doane-shaped hill over the eastern enad of the Malisades.
and is made up eliefly of the lova streaom that Torosed (e Palisulies, over
lainn bov Ewo sheets of pumice separated by o lover of dadte,  The upper
surface of the Maksade flow, where best exposed aga the Tskeward
shopee 0f Raoumiliog, beirs ghacial strie, that extend beseath the lavers of
pamice and dacite of later eruption from Mount Aagama.  (See figs o



Fig, 1fi —S00THERN KiM oF CRATER [LAKE A% BEEN FPROM WIZAED [SEAMNT, IF0WING TINE NOTCHES X8 BOTH sb#s oFf DRorroes T,

1t aograprh copyfichiod by Eier PMhoto Co, %o laned, Gng
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urich nap ) 11 is evident Froan this selafien that Moswnt Mazama WLE AN
aciive vobeane dunng the glacial period.  The osccurmence of erapiions
from a smowcapped voleano must neecssarily produce great Aoods, and
these conditions may account in some measire at beast [or the detritns.
filled valleys of the streams nsing on the rim of Crater Lake.

Betuming from this glacial digression to the boat trip on (e Inke, i s
observed upon the castern side of the lake that Redelowd CHIT s rendered
beantiful by the pinnackes of reddish (ol near the summit, where it is
capped by a great, dark flow of dacite, filling a valley in the alder rim
nned i'xll.'lill"ill.j.[ far 1o 1l nort henst Flere tlwe _-;||-rE|:|3.;-'. i Lo lrtl.l'\-'\.]l [guatii
the inner slope and eascade their femming rills to the nke,  They recur
nf Sentine] Rock, Dutton CET, and expecially onder Exgle Crags, as wiell
a% fartlwr westward., Thelr sotirces in neny cases can be seen in the
banks of stoow above, but in odlees they gush forth az real sprngs, whose
winler iust find its way in froan the snow wpon the outer slogse,

Fiz, 17 —Tie Foaxtosm Snee.

The boldest portion of the fim, excepting perhaps Lino Rock, is Thitton
Cliff, which is made more impressive by the deep U-slupe notches on
cither sisde.  The notcles mark points where the canvons of S andd
sl Creeks pass thesugh the fim to the il overlooking the lnke, ns
shown in fgure 16, These canvons, die Lo croswon on Hoes of deoinge,
bedong to the period when the topographic conditions in Uml region were
quate unlike those of to-dav.  They were carved out by streams af doe
ard wider descending from a |.h'litll over the lake, amd ther frre=inoe:
enchng as 1hey do in the nir hundreds of feet above e prosent wiles
lewe], affords stioig evideEnoe o faver of the former reabiity of Mowni
Mazama

The Phaniom Shap (fig. 17} is o eraggy little Blet near the border of
e lake wnder Thatton Chil.  Tis rugged hull, with rocks towering like
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the masts of & ship, suggests the same, and, phantom like, it (Hsappears
when viewed in eertain fights from the western rim.  Standing in line
with am aréte that descemwids from nn angle of the ofiff, it possibily marks
5oenn ! ik e of tI|L-~,.'I'.:|.r|| s[r Treaviemi by Ahe wplers, or l|h-r!|-.|.||~-,'|||.|r muich
Jerse Tikely, it 1% o Bloel &bl down from the elilf, Whatever 113 hitory,
it nlirmcts VTV I._'.' il% |!-c':|.|.|1_'.' ] Witk Er IS,

At timws of voleanie eruption the lava rises within the volemng witil
i cither overflows the crater at the top or, by the great pressure of e

Fig, sf—=Tng Deves Backwoxid as sy feosm Wizaen Isoaxn

coluwinm, bursts open the sides of the voleanoe amd escapes through e
fissire to the surface.  In the latter case, as the molten material cools
the fesure becomes Alled with solid lava and forms a dike,  The best
cxample of this sort about Crater Lake appears along the imner skope
directly nortl of Wizard Iskand, and iz locally Enown as the Devils Dack-
bemse, It #% shown in figure § across the lelt el of Wisard Island and
in figure 18 onearer view from e isluad itsell.  This dike rock, standing
on elge, vares from 5 o 25 feel i thekoess aml cuts the mm from water
to crest,  [hkes are most pumerous in (e older portion of the rm osder
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L Rork Chey b mat ot g I||1'||II_;|| Ilas Rock and af |":|.||::|.'
elcler than the lvva of which that mock s formed Dikes ceoeiir wl fqater-

vitls all around the lnke and nudiate from i, sngpesting that the central

vabcame vent from whseh they issoecd mnst hove been Moant Mazam

There 1% moe leer meporiant tealure concernming the kinds of volea
rowck s pned therr orcler of crapsdson and destnboaton aboat the mm of COrater
. . :
Lake o= shown on the nceompanyving reconnolssance map, feure 13, 1hat

iz of much taterest 1o the geobogriad All the older lovas eomprising the

mner slope of the nm, especially toward the water's edge, are andesiies
The i WET IS, |.'-'\-r|1|i|'.;; the ||I-|'| of the sim i Llao ]{lu,'kl Piiisiiee Poini

]l!l-l":lll\.:a:||||_ gl e I.":l.l..:.;!.'ll Crest ahont the ead of Cleetaoms] Cove ns

Fiik, fo.—Lavidhs OF DASITIC FOMECE ANE TUTF IY Poscr PoexT TIEE UNIge
L¥iRDO ANBERITE LAYVA REARS L ACIAL STELE
well as at Clondeap, are dacites.  Odher later Qows, all of which escaped
froan the smaller adnate coties upon the eater slope of Ehe rim, are hiasalis
I|_||.\_ |_r||]'\.|'i.|:||-\. l';'ﬂ"_'\_:l_“ '-l.:-.i|| L”;..... ..'||L|I:.:\.lli1l'_l\.' ] ||||_l:.ill'|ll AR EL |.|' wi i
.|_||.:':|_'-\.'::|x - ..II'.ll ;I.|:||_'|' '|||||'_:--q,'||:||i1||||_'.'| .I-l_".i'l"|'.:'. I..I'-,'.'\-i Lt b [iw.'!ll.'l [ebneibies )
;|_'|-|| [EEeT ;|'\.,,|-\,'1.|'.5.| '.I '\-i;il.'.| |.-||||||'u. " ;i'- i||'_; il € II”I‘!III."_!'”!."‘-'-\. 1 I_|||' '||I'-\.I-:':'.I."'\1'
||:: |_|.i-\. fig i LI I\.|||l:':|.||i|' LT ||:.I.I: make 11 &I iIlIlll\."\-Iill;_' feldd 'I.E whaly
wrtunily afforded by the dissceted

Furibermore, the remarkable o
e

vl fof the examination of 112 strecture aml suocesston of lavas ¥

unsiirpassed. It should be stated, before dismissing the kinds of lava,

that there are some dacites 1 the =uan Creek Uanvon =outh of the oke
that e faal

that appear to be older than Cthose npon the north siile, an
lova of the remion on Wirard 1sland i manleite,
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The glaciation s structuee of the fim clearly establish the former
existemes of Mount Mazansa, but there ney well be doult as to s cxac
fortn amd size.  Judging frem the fact that Mount Shasta and the fim
af Crater Lake bave the same diameter at an altitede of 8o feet, and
that their lovas are stmilar, i moy with some renson be inferred dhat
Aownt Mmzamen and Moont Shista wene m-!trl:c il u4'|'||..|l Teengzhd The
xlwl'u_-w.' aof Mowunt Shasia may b sommewhat slecper fhan those of the nm ol
Crater Lake nt an 1--:|||.='| altvinde, bt the glncaation of Lhe rim e soch as
fan rr||1|.ir|.- o larse E-r:l.lv.' foor ths sonroe, A restorabiont of Aownt Mazama

Fig. ra.—REstonanos of Moost Mazasoa.

benscal oan ;l'-llll'.ll'.;ril.|l1| of 1k rim of Crater Lake as seen from (e soath-
wiest is shown in figure 20

Im fignre 2z 15 riven a section of Crater Lake and its rim, with the
probable outline of Mount Mazama, and in figore 23 is given a profile
and surface sketch of 4 cross section of the natural park through Crater
Lake, Wonderinl as the lake, enoireled by ehiff=, ey be, 1t servies bt
to coasceal n pari ihe premicsl wonder-—that s, the enormous pat or
caldern which is hall Glled by the lake,  The ealdera s oo fect deep,
An impressive illusiration of it is seen in figore 20 which was prepared
from a photograph of a melel of Crater Lake now in the United States
National Muscum. The water surface is represented by glass, so thag
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OHE NEY see through to the bediom and ged tlwe full i.|.|1!:-r|:-u'ir|:||. ol the
depth of this tremendous hole in the ground. 18 extends from the fop of
the rim, which is the very summit of the Cascaule Range, hallway down
to Uhe sen Tevel, aand mearly o sgquare mike of s bhottom is below the level
of Upper Klamath Lake ot the castern foot of the range.  “The volume
of the caldera is nearly a dogen cubic wiles, and if we add the volume of
the Jost Moot Mazama that amount would be inereased by at least one-
hiali. Heaw was it |H’|g-5.i||:-l" o remove =0 lnrge o mmss pnd mn s
devebop so preat a depression ?

Pra. gi—UALbrEs oF UCRATER LAKE LEFT Oy THE EXGULFMEsT oF Movxsr Marasa.

The caldera is complevely inclosed, so that 11 can not be regarded as
an clfect of erosion,  The voleanic origin of everyihing about the lake
would suggest in o general way ilat tss great revolotion must have
becn weought by voleanism, cither blown out by a great voleanie expalo
s or sl el e ||:.' H ] |.'||1I..I.|'|!|' greal enguliment It 2% well known
that pits have been produced by voleame explosions, and =ome of them
arg oeeupied by Inkes of the kind usually called crater lakes.  Depres-
stons produced in this way, bowever, are, with rare exceptions, surrounded
by rims composed of the fragmental material bBlown oot from e de-
prressio.
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At first sight the rim about Crater Lake suggests that the calder
was produced by an explosion, and the oocurrence of much pumice in
that region lends support to this preliminary view; but on carciul exami-
nation we find, as already stated, that the rim is not made wp of {rog-
ments blown from the pit, but of layers of solid lava interbedded with
those of voleanic conglomerate erupted from Mount Mazama before the
caldera originated.  The moraines deposited by glaciers descending from
the mountain formed the furface around a large part of the rim, and as
there is no fragmental deposits on these moraines, it is evident that there
iz nothing whatever to indicate any explosive action in connection with
the formation of the caldera.

We may be aided in understanding the possible origin of the caldera
by picturing the conditions that must have obtained during an effusive
eruption of Mount Mazama, At such a time the column of molten mate.
rial rose in the interor of the mountain until it overflowed nt the summit
or burst open the sides of the mountain and escaped through fssures.

& 'rl‘l- -.---.
T Hrdgaams, B T

Fro. zz.—SpcTiox oF CeaTEr LAEr Axp s e, WITH THE PROBANLE OUTLIND
oF MUyt MazaMs, STRUCTURAL DETAILS CENERALIZKD,

Vil brall end besinoiial soaled 1he o
THagremm emished by Sl b e Tesd s b

Fissures formed in this way usually oceur high on the slopes of the
mountain, 1§ instead, owever, an opening were effected on the mown-
tain side at a much lower level—say some thousands of fect below the
summit—and the molten material escaped, the mountain would be left
hollew, and the summit, having so much of its support removed, might
cave in and disappear in the molten reservodr.

Something of this sort is described by Prof. Dana as occurring at
Kilauea, in Hawaii. The lake in that ease is not water, but maolten lava,
for Kilanea is yet an active voleano.  In 1840 there was an eruption from
the slopes of Kilauea, 27 miles distant fremn the lake and over 4,000 feet
below its level. The eolumn of lova represented by the lake of molien
material in Kilansea sank away in connection with this eruplion to a
depth of 385 fect, and the foor of the region immediately surrounding
the lake, Ieft without support, tumbled into the depression. In the
intervals hetween cruptions the molten enlumn rises again toward the
surface, only to be lowered by subsequent cruptions, and the subsidence
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1% not always accomplished by an oot low of lava upon
the surface.  Sometimes, however, it gushes forth as
o great fountain o bundred feet or more in height,

The elevated pﬂ-ﬁ.l.ln-rl. afl ke great calidern |:|n|:_'d:||.'|1i.l;'ﬂ.
by Crater Lake makes its orgin by subsidence scem
the more probable. The level of the lowest bed of
the lake reaches the surface within 15 miles down the
western slope of the range.  That Moont Mazama wis
cngulied is plainly suggesicd by the behavior of its
final lava stream, The greater portion of this Jast
fow descended and spread over the outer slope of
the rim, as shown in figure 13, but from the thickest
part of the Aow where it fills an old valley at the head
of Cleetwood Cove {see fig. 24) some of the same lava,
a5 alrendy mobed, poured down the inner slope.  The
only plaesbie explanation of this phenomena scems o
be that soon after the final eruption of Mount Mazama,
nnd before the thickest part of the lova effused at thot
time had solicified, the mountain collapsed and sank
wwny and the yvet viscous portion of the stream fol-
lowed down the inner slope of the caldera. 1t should
be observerd also that the lava siream collapsed and
formed Rugged Crest, as shown in figure 25,

[t has beed suggested, but perhaps not in serious
thought, that the cone on Wizard Island may repre-
sent the summit of the sunken Mount Mazama pro-
jecting above the water. To determine the truth
of the matter we must cross over to the island.
Wizard Island has two portions—an extremely rough
lova ficld and a cinder cone, These parts may be
distinguished in a view of the island from the Watch-
man but are more distinet in an illustration, figure
26, ns seen from the lake,  Only a small portion of the
Iava field is shown in the foregroumd, The lava is
dark and has a much more basaltic book than any seen
i the main body of the im. It has evidently been
erupted from the base of the cinder come in its present
position.  The cinder cone, 1oo, is a perfect Hittle vol-
cano, with steep symmetrical slopes 763 feet in height,
and surmounted by a crater Bo fest deep. A portion
of this crater is shown in figure 27. It is so new and
fresls that it is scarcely {ogested, amd shows ho trace of
weathering, Instead of being a part of the sunken
Mot Mazama, it is an entirely new voleano built wp
by wvoleanic action upon the bottom of the caldera

7

Fiz, 13 —PRofiLe ARcTeoN oF CrRATHR LAKE NaTioNal PaRk.
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sinee Lhe sulsidence, Were 1t ol for the ke the wholde bt tom of the
calders cotilid be examined, and it is possible that other sonll voleanic
coies might be found,  Thiz suggestion i borae out by Ulse soancdings of
i lake, which appear to reveal two other cases, but they do not rise to
viillidn goor feet of the surface of the water, Tt i evident thet the vol
canic eruptions upoi (e botion of the calidera have partially Alled it
up. Originally it may have been moch more than 4000 feet deep
Caven the caliera with water-tight walls, there 13 oo difficulty in
formdug Crater Lake, for kn that peglon precipitation is greater than
evaporation, Extensive observalions upen preapiation amd evapsorms
thon lenve ol leen made at Crater Lake, but, jwdging from those noude

e e

Fia, rg— A poumion oFf T coLLarsen Lava stiilas at Risdcidn Criist fuowisd
O THE BNXER SLOFE OF TIOE ®iM

i mearesl puanis, the annual LR |'!-il'.|li.n|| shiomab] be between fos pned T
inches, while the asnoual evaporation is about 46 fnches,  The avernge
chameter of the ke is nearly 5 oules, s are, inclading Wisand Islancd,
i about 230 souare miles.  The dodoege area inclosed by the e of
the luke, according to Mr. B, C, Barmard, i 2745 square miles,  Dunng

thie winter oreal masses of soow drall within the rio, amd hes coasider.

abily augment the normal precipitation of the lake. The lake does mot
fall wipraned overflow.  The surplus water st lave a subterranean outbet,
probably towand the southeast, where the region is traversed by exten-

sive breaks in the rocks, and abounds in excellent springs,



Fre, a5 —Coararsor Lava muow of Boeore Crasr. THE Dot cLIFr: AMosG TICE
TREES O3 BOTIH 2iDes ARE EEMNANTS OF THE COLLAFRED FLOW

Fia, #h.o-Wizagpn [sLAND, CINDER LONE AND LAYVA FLEILD



Epe. 37— CExtEn of CianiE CoXNE o WIZARD [SLANT
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The color of e lake % deep blue, excepting along the borders, whene
it merges ioto vadous shdes amd tiets of green. 1t is so trassparent
that even on a hazy day a white dinswer plate o fnches in dizmeter may
be seen at a depth of nearly 100 feet. The fish it comtains have been
introduced. A small ernstacean lourishes in its waters, amd sulamanders
occur in abundance locally along the shore.

The level of the lake oscillates with the seasonz,  During the rainy
winter it rises, and in the swmmer it falls.  In Auvgust, 185qh, observa-
tions were made for 22 days, and the lnke sank at the mie of 1 inch for
every five or =ix davs, depending somewhat on the conditions of the
wveather., The Mazomas have estabilished a swater gauge, amd it wos
Boped that an extended series of observations would be obiained, but
Wl 3w birodoe ot off thie swexl winter. Tl anmieal caclbition of the lale i
abaoul 4 [eet.

The temperature of Crater Lake has been the subject of consideralile
investigation.  While the carlier observations appeareid (o indicate that
the lake reccived hent from its battom, Eater observations shoswe that the
temperature of the lake everywhere below a depth of 300 foet is approxi-
mately 307 and the bottom contains no appreciable voleanie heat,

Aside from its sttractive scenic features, Crater Lake affords owe of
the mo=t interesting and instructive fields for the study of voleanic geol-
ogy to be found pvwhere in the world, Considered in all its aspeets,
it ranks with the Grand Canyon of the Colorudo, the Yesemite Valley,
amd the Falls of MNiagar, bot with an isdividuality that s superlative.

8.








