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General Volcanolory

A volcano 1s a condiuit or vent which issues

magma (molten rock,), pyroclastics énd gases which
are derived from a magma chamber situated within the earths crust, ' "%
As the magma cools and solidifies, -igneous ‘rocks (from ‘latin; igne=
fire) are formed., :- "‘@ = : TR

Recently, the theory of new globzl plate tectonics has been
widely accepted by geolozists and:geophysicists: as an explanétion of
continental drift and volcanic occurances throughout the world, Basical-

«.casionally in-.geclogic time, oceanic plates underthrust: the contin-

the continents are floating about as. six crustal plates on the earth.

ental plates producing a deep sea trench, a subcontinental zone of deep
éarthqugkes. surficial uplift, deformation and volcanism. These occur=-
rences now seem certéin to be happening along the western coast of South
America near Chile and Peru, creating the Andes Mountains. _
The reiatlonship? between plate tectonics and the Cascade MNountvains
45 more complex and ambifuous, It has been postulated that plate
underthrusting has occured in geologic time to develop the Cascades,
However, since the Cascades are dormant and the deep sea trench, common
to other ﬁarts of the Pacific, is lacking, combined with uncertain
cnharacteristic zones of selsuic occurnmcés under the continental margin,
/4*m§ plate tectonics.theory can be challenged regarding its validity

a force responsible for tne development of the Cascade Kountalns.
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ffﬁ.\ The basin in which Crater Lake is cituoted ~ . 1s known'as,a‘zx;~.d,~ "
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icra. The Dicfionary of G eo“o~ cal Terms  prepared by the’ Anerlcun.»d,ﬁc“n
u}Lc’( i“-‘}/(,v‘

Geolorical institate def‘lnee a calaera as "2 1ar~c basin- nabed volcanié;[

'Rt YTV
depression, more or less circular or ci*ouelike in foram, the dlameter of .,
* Y N s/?v\'v
which is many times greater than that of the included volcanic cht or ,{,

L

vents, no matter what the stccuness of the walls or Zorm of the “IooT." /““‘
Uans Rick developed a classification scheme contrasting the diffcreaces
wetween calderas end craters, His major points are:

1. All calderas are relszted to volcanic toworravhy.
Many craters are not related to voicanic toposravhy.

2 Craters are inseparably related to conduits.
calderas are related to the rool of the reservoir.

ovEDn!

%. ...zers are the eruptlion vints
C-ioeras are never entirely erupition ventse.

b, Craters are the vents throush winich ejecta‘passés; They -are
positive active volcanic fcrms.
Calderas are the ‘result. of chanre in state or volume within the

anderlyinﬁ reservo rs, They are nerative, passive forns.
5. Ciravers occur durine she active, o rowine periods of VOlCoarniCCl.
ralderas -cre marks of Geczndencc end are, althourh caldcro fTorm~

auio. may be io’loucd by renewal of activity.
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/ggx within the earths crust is therefore classified Cretdceous::

as & magma chamber. When magma is formed near ,.r-\\xx

the earths crust it tends to rise to the surface

due to the self contained gases. However,

throughout geologic time the ultimate source of .
crustal magmas has been from deep levels in tThe earths mantle.

Two rrinciple types of igneous rocks exist., Firsv, intrusive
igneous rocks are Fhose which 'did not reach the earths surface and
hence, érystallize&iﬂa at depth =<t In the magnma chamber. EX--
trusive igneous rocks =S fhe second classification of igneous rocks.
They are derived from magmas or maématic naterials which have reached
the earth’s surface and -are subsequently ejected or poured out in a

molten or partly molten condition.

VOLCANIC ERUPTIONS

ecf
‘As-the magma risesﬁ its constituents and the rocks that 1t

penetrates are vaporized inuo Zases by the tremendous temperature
and pressures associated with this teolovicaloccurrenqg. These volatile
components are extremely important in the subsequent igneous activity..
The principle volatile component and agent in producing a vol-
canic e;uption is water. Water setrgrates from other magmatic components
and migrates to the top of the magma reservolr as the magma nears the
earths surface. The water is vaporized into steam and accumulation
oecuL s ~if the volecanic vent is blocked, This produces tremendous
pressures vhich eventually must be released, If the temperature is
1800° F or greater, the steam expands several thousandfold as it escapes
shattering the rock which sealed the vent. causing magaa and steam to
be expelled into the air. After this explosion, the magrca contains
less water but it is still capable of pouring out of the vent. sizhly

viscous magma forms when. the ma~az2-1z:virtually: d¢evold of water.-.



In Tilne, . water will acain begin To

/N accumulatc as steam and another erayvion ensues, (;9
‘ pe— g

The principle gas associated with vol-

canlc eruptlions is steam. ater vavor is gen-

erally more than 95 percent of the total dis-
charge, seldom less than 82 percent. The second most abundant gas
is carvon dioxide (COZ) followed by nitrogen (N), sulfur (S), carbon
monoxide (COB) and chlorine (Cl.) The typical odor of “rotten eges"

mitting Torm volcanoes duriné their eruptions can be attributed to
sulfurous gases such as hydrogern: sulfied. (hsz

PATERIATS TRUPTED

Various types of materials are erupted from volcanoes. Tacse
vaf*etions are a result of magmatic segregation in the magma chamber,
Ls erystalization occurs in the cocling magma chamber, the minerals
poor in silica and rich in iron, calciumrand magnesium are first to
develop, Later in the coolins ptdcess,ﬁth'f minerals rich r in silica
and ccsassium crystalize.,.

acnce, the magm#cﬁambarhas three basic layers of liquid
rock materials due to different densities of these materials. Threse
layers are:

1. Tor layer - lighter, silica-rich residual

2. Aiddle layer - intermediate minerals

3. Bottom layer-- heavier crystals, rich in iron, marnesiun

end calecivg.
Flssure eruptions can tap any one ¢ these layers and eruptions can
develop at any time durinz the cooling process,
PYROCLACZTIC DEBRIS

Pyroclastic debrls (vyroclastic means "broken by firc") are

2]

ocZ frarments that have been blovm out of a volcano and devosited on
che ~round. These materials are named accordins to their size, text-

urc and comaposition. The followinr nomenclature avplies Lo materisis



3te finest pyroclazstic uedric, \“‘(/’ar i
7\ : . “morised of pieces of rock on the Pliestocene
-~Zer of one ten-thousandth of an inch
1w diameter.
2. Ash: Tiner cinders
3, Volcanic Tuff: <ine sized nmaterial
smaller than peas, including cQust and
ash, when compected togethexr forn
volcanic tuff,
L, Blocks: Pieces of the cone cr angular
nasses broken away from the rock that blocks the vent.
Yhen blocks are compacted together they form voleanic brecciz,
5, 2ombs: rounded masses that conzezl from mawma as it travels
throuch the air. '
6, Cinders: small, slaslike, solldified pleces of marma or
broken pieces of the cone or plug two-tenths to one inch across.
7. Pumice: plieces of magra uUp to several inchnes across that have
trapped bubtles of stean or other gases as they were thrown
out. After these solidify, they are honecombed with gas-bubdle
holes that gzive them enough bouyancy to float on water.

‘v
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LAVAS

Lava is a term applied to all volcanic material, either liguid

or solid, which ‘has: reached the earths surface, They are classified

- .

accordine to composition and textural character, such as percentage and

size of.gas caviﬁies, amount of crystallization, and selective size of
crystals.. Héwever;:comppsition is the primary criteria for the class-
ifiqation of lava. Tt also determines nmost bharacteristics of the lava
fiows. Lava can be classified according to the following information:

1. Basalts: Lavas poor in silica and rich in calcium, iron, and
marnesium and are fine grained and dark in color. Generally,
basalts are between 1800°-2200° 7 and are not very viscous.
dence, basalts are able to Ilow at oreater speeds and dlstances
which results irn the formation of thin layers of lava.

2. Dacite: ILavas rich in s£ilica and poor in calcium, iron and
TWarnesium are refered to as dacites. Generally, dacito is a
viscous lava which forms thick layers of lava and tencs to

o ~ pravel-short ‘distances from the vent., An excellent outcrop-

] pint of glassy dacite can ve found on Llao Rocik,

3. Andesites: _An irneous rocl: of intermediate composition bevween
pasalt and dacite. It received 1ts name because these rocks
vere first identified in the Andes Hountains 1n South America.
A larre percentage of the rocks in the parx are andeclites.

L, Cbsliian: Volcanic zlass hizh in silfcates formed by supcr-
cooLiinz molten lava.

5. Scoria: It 1s a nighly viscular, {rothy, darx coloxrcé ejccia,
Tess siliceous anéd aore’danse than pumice,

6. Pahoehroe lavas: Hawalion tern for a surface flow which appeaTs
Topy or as corédlixe corruzziions.

.




7. .»_Iava: Anoth: Hawalian term for a
Ve surface flow wnicn is characteristically

rourh, clinkery or blocky. It is form-
ed by the hardening of the surface. =% .. -
s ananTasas of the lava flow while the
interior remains molten. 4As the nolten
rock continues to flow the hardened
exterior breaks off into larze blocks
and chunks,

8. Nu€e Ardente: (French for filery clouds)
A high velocity (sometimes greater than iUu mph) lava flow
of hot, incandescent ash which avalanches down the volcano,
Irregardless of the incline, by virtue of its extreme mobility.

CIASSIFICATION OF VOLCANIC SRUPTIONS

Volcanoes are classified accoriing to the materials which
accuaulate around the conduit. Therefore, the following list has teen
deviloped as a classification scheme for volcanic eruptions:

1. Shield Volcanoes: Hawailan type eruption,
relatively quiet; a broad gently slopine volcanic
=~ 3 ww
. ’<=r1255$ssg? cone of flat domical shape., Examples are
e Lf::::\\‘ Mauna Loa and Kilauwea in Hawaiil and local
fﬁm\ ' examples are Timber Crater and lMt, Thielsen.

/

2, Compcsite Volcanoes: (Syn: Strato-volcano) A
= large:volcanic corie bullt of zlternating layers
! of lava and pyroclastic material, Zxamvles
"‘/// J\\ are Mt., Shasta (California), Nt. Rainier (Wash-
ington) and a loéal example is Mt. Mazana.

) 3¢ Cirder Cone (Syn: Ash cone): A conically steep
//r\\\ shaped cone formed by the accumulation of vol-
L ' canic ash or clinkerlike material around a
conduit. A local exazple is Wizard Island,

s ¥

L, Fissure Flow: Lavas escape from fissurecs rather
than from central vents, More covious flows

do not produce volcznoes but rather larse, level
plateaus such as the Columbia River Basalts in
the Pacific Northwvest.

\/\_\?_;'_f/}_);,/'? SUNHARY

Trhus, voleanic landscapes have evolved throughout geolosic

time. The dynaaic earth creates pools of macma which are brousnt to
/ﬂ,xthe eartns surface by various gascs. The ensuing eruption creates

cenonits of extrusive irncous rock%s composed of various constitucnte

cnd size caterories., .The final product 15 thatwhich we presently

cec, the volcanic landfora.



1 . GEOTLOSY OF CBATER TAVE NATICHST CARY
A Setting

Throughout the Pacific Northwest a chain of

pmountains exist which are Xnown as the Cascade

¥ountains. The Cascades are comvrised of two

distinct mountain provinces. The first is known

as the Western Cascades. They are located west oi' the park and
are older in seoloric are (Zocene to Uppver iocene basic volcanics,)
as well as beinz -wider and -havingIess vhysical relief. Accordin~ to
the Davis approach to landform classiiication, these mountains are
submature to mature, with the orizinal volcanic structures Wéll Tt
disected by stream erosion.
The second mOuntain province in the Cascade system is the High
Cascauss, a part of the Pacific Ring of Fire. These mountains stretch
fﬂua‘fromqﬁgi Baker, in Washington, to Lassen Peak in Northern California.
nis belt of mountains is between 20 to 25 miles in widthw and is com-
posed of Pliocene and younger volcanoes., Daviseés landform classificat-
ion groups the=ze mountains in a youthful topography catesory. Crater
Lakxe National Park is situated in this province'of nountains.,.
To the east of the Cascade Range the Columbia River Basalts
are located. This lava plateau 1s comycsed of many layers of ﬁibbéne
tasaltsy, These basalts covered from 200,000 to 300,000 square milcs
of the Pacific Northwest and are up to 10,000 feet in thickness. Bencath
the Hich Cascades, ihe lavas of the Cclumbia River Basalt plateau inter-
finrer with lavas of the lYestern Caccades,--

PRE=-MAZAKA LLVAS

-k taseih earew € o

Frior to the development of Kt., Mazazma (during the lower Locene

%o upvyer Miocene epochs) vulcanisu occurred throughout tine arca. To the
south of the locale where Mt. Mazama eventually erupted a shicld voi-

~

cano Geveloped., Named Uniorn Peal By the Chzuncey Xye party {peczuce of
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of fluicd ‘as. Subsequent -+ to this develop- ’ ] !
Ferr ané Zun
¥Yotcher

nent. cir: or cones forned on the broad flanks
of Union .eaik while a summit cone was formed by

exvlosive eruptions'from the central conduit.

Evensually, a very viscous mass of lava con-

gealed in the central vent terminatinz the volcaiiic activity oi Unica
Peak. Today, Union Peak appears as a2 matterhorn due to glaciation of
the peak @uring the Plelstocene epoch of geologzic time,

During the late Pliocene other pre-mazama lavas were erugted in
the northwest corner of the park. MNost of these eruptions were guiet

flows of basiclévas-whilqéyroqlastic explosions were almost completely

he!

%

ent., btiany of these happenings: can be attributed to the occurrences

scociated with the development of Desert Ridge,

fo

MAZAMA ERUFTS

Mount Mazama developed in a depression between Union Feak, to
the south. and other volcanic cones to ths north. The oldest visible

¥azams I~wTnn were issued from a vent near the Phantom Ship. This vent

is known as the Phantom Vent and can be seen at the lake level as a

dark triangular area on the caldera wall directly across from the rhantom
Ship. The Phantom Vent was the main conduit for the Phantom Cone which
was engulfed by later Mazama.lavas° Today, the Phantom Ship is a dike

of that cone and it can be séen from the Rim area at many view points.

The early cone of Mt. Mazama grew principally by effusions of

hypersthene andesite from summit vents. As Mt. Mazama developed, the

lavas became more viscous, The thickest flows were issued ust prior

to the comencement of the andesitic period. These include:

1. Palisades and Roundtop flows: resting on placial dceposits,
these were the thickest {lows.reaching a maziaum thickness of
500 feet, iHowever, these were derived from fissures Iurther
down the flanks of iazara rather than from sumnmit ventce
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» -~ =31lde Point Tlows: also locuted on Wizard Island

- ' 2% of glacial deposits and they were : 1 -

/ A isswed from fissure flows,

3. Grotto Cove, Watchman and Sentinel Points:
all of these have some thick flows of
andesitic lava from recent eruptions,

9

These thick fissure flows were respensible for widenins the base of
Kt. Kazama and did not add to the height of the mountain.,

Minor explosive, intermittent eruptions gecuriped throu~hout the
growth of the main cone. These erugptions were composed primarily of
angular blocks and ash indicating low ltemperature eruptions., Today, as
a result of this activity, imoressive ryroclastic debris czn be found
on the cliffs below Sinnott Memorial, Garfield Peak, Eagle Crazs and
Dutton Cliff,

Presently, the caldera wall displays vivid colors procduced by
ﬁ'%\ solfataric action. The rising gases and solutions from Mt. Mazama altexre

the lavas:to soft masses of brown material composed mainly of kaoline

and opal which were stained by iron oxide, In other colorful vlaces the
coloration was produced by the chemical alteration of the rocks.,

Sumnit vents issued most of Mazama's andesites, However, Mazana
was not a single symmetrical cone since the dips'of the lavas indicate
an eccentric position of the primary vents. Angular unconforﬁities in
the caldera walls are a result of shifting or simultaneous activity of
several vents, Hence, Mt. iazama was a series of overlappinz composite
cones. The main vents are rresently located one-half to one rile south
or southeast of the vresent center of Crater Lake,

LTTer lMazama had develcped in:o a 2ajor volcano its flanlic were
fractured by radial fissures.which {oemed dikes. This occurrance is cozmon

/’”\in older volcanoes and is vroduced b7; 1) welrht of the lava in the

ne ma~ca chaxber

o3
ct

or
central condult;p2) increaczed pressurzc of nazza 4

czusin~ dooines of the volczno. Todcy, sixteen diles are visivle on tre
-\ ’
e

’
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whe - Mazama nad neasiy reacuci ico . i \¥~,,,—f*’“"”\.

maxiamum r-.sht, the center of volcanic activity ¥ount Scots

moved from che summit of the volcano co_the : ,/é%?%kﬁk\

northern side. This norhtward shifi cf vents
10

can be attributed to; 1) northward enlarzement

the magma chamber; 2) a result of intermzl assemiluation of the cone;

-

or 3) as a consequence of rin: fracture stoprving (the most 1likxeiy

explonation.) Thus, a2 semi-circular arc of vents opened z2long the
northern wall approxinately 5000 feet below the original summit., These

venits include:

1. YWatchman Dike and flow: ode of the earliest occurrences
combosed of andesite, '

2, Hillman Pea2): .tne hichest point above the lake level consisting

of andesite,
3. Sentinel Rock flow 2nd vent: andesite,
. 7loo Rock: a thick cacite flow which occupled an old glacial vall
”f?‘*rouue 4ill dome and Flow: dacite,

b Cleetwood flow: an inclined dacite feeder vent,

7. redcloud and Cloudcap: dacites.,

Contémporary with the development of parasitic cones anothaex
cruption occured to the north of Mt. Mazama forming Timber Crater. It
1s composed ui olivine, basalt and basaltic andesite and is a shield
voleano., Capping Timber Crater are two pyroclastic cones.

It is believed that Ht, Kazama reached a maxinum heisht -~ between
10,000 and 12,000 feet above mean sea level., This height was determined
by projecting glacial striations found around the rim of Cratex Lake,

pward with an ever increasins ansle (as they normally occur,) Throuch
nathamatical caiculations the heirht ofMt, Mazams was computed,

Thfourhout the history orf ¥t,. Eazama the mountain was clad with
claclers. A glacier 1is simvly a bcdy of ice which accumulates more

fﬂhx?ce cach year than is ablated or meltzi zway. Some of the zlzaclers on
.ount iazama were up to ten miles in lenzth and uv to 1000 fecet in thicl-

ness,



5o :rious glaclal featurces can be found

The

Mrithin tre park as a reminder of past vlaciation.
9 Lo 0wl o, Some of the more noticable

glacial features are::

1., Glaciated "U" shaped valleys: Xerr and
Sun Notches display large glaciated
"U" shaped valleys.

2, Striations: 1located throughout the rim area, theJ are easily
observable at North Junction on the Rim Drive.

3, Moraines: few exist today, especially in the Sun and Kerr

' glaclal valleys because they were eroded away when the glaciers
melted due to renewed volcanic activity. Eowever, several can
be seen in the road cuts between park headquarters and Rim Villag

L, Cirques: the best example of this glacial feature can be found
on the northwestern side of Kt. Scott,

The culminating volcanic sctivity of Mt. Mazama occurred following
a Jong perlod of quiescence, The early materials erupted during the
i eruptions of Mt. Mazama were corposed of fine dacite pumice, Thris

jjuu,1‘a1 was explosively discharzed to great heights in the atmosphere

‘here the prevailing winds then transported them northeastward as far
as Ca: -?a, These eruptions probably enlarged Mazama®s conduit thus
grea;lg reducing presSures.in the mazma chamber,

~ihie next stage of culminating ceruptions experienced frotny ﬁagma
being 27 r~lled in great volumes, I;stead of being explosively cdlscharged
the magma was poured onto the slopes of the mountain, This process
Tormed a nuée ardentes flow which swept dovm the mountain at ever in.
creasinz speeds., These flows reached a maximum speed.of 35 mph and
inundated all forms of life within the area., North of the paris, carton-
ized wood can bé found in the rozd cuts caused by trees beins incorporate
within-the‘ lava flow,

Lfter the nué% ardentesoccurrsd, cnoush gases remaineéd in the

f"%aﬂma chgmber to produce a few minor cxplosive eruptions. The ejecta

2as quite fine and limited in distrilntion,with the main Iithic tynes

~

consistiny of dark-brovn znd red ish crystals, rich scoria and small

- . ~ -
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How, iilliems estimased the volume of
/" N ‘material c¢:coted by Mt., Mazama prior to the col-
 1apse«of the mountain. 1In his-studies in 1942,

he ébnéiuaéd thatfgas cubic miiéérbf'maﬁérial

. (lithic fragments,. crystals and liquid magma)

was:: erupted from the mountain. However, revised studics by VWilllianms
and Goles (1968)ihdibat§2 that this figure was conservative., They
presently believe that Mazama erupted the followincamounts of matcrials:

1. Total volume erupted - lithic fragmentScecececeol=2 cubic: mi:
2, Total Volune - eru'pted Crystals.oeoooapeouooooon2"305cuhic mi
3. Total volume of pumliceous frapments and _
H'lass.Shardsonooooooooeooooooeoooooo.aoooooooooaB"'ll‘ cubic,mi?
R SR | ~ TOTAL 17-1S.5 cubic mi:
. W — Since these materials are roughly equivalent to two times the

rvolumg.of liquid marma, it is believed that ﬁt. Mazama erupted approximat
10 cubic miles of 1iquid masma.
| . Within several daxslﬁias“fq;légigg‘thisﬁgruption. Mt. Mazama
collapsed. Willlams and Goles (1968) estimated that approximately 15 |
cubic miles (not 17 cubic .miles as was earlier believed) of %he mountain%
top ﬂ§S"¢ngulfed in the collapse.’ "The collapsé occured some 6600 p
years B.P, (before present.,) This produced a caldera which was 4000
feet in depth and 6 miles- in diameter, |
. An .analysis of the amount of material erupted and the amount
that collapsed reveals a discrepancy; approximately 10 cubic milcs of
material was erupted from Mt. Mazama, however 15 cubic miles of material
collapsed to fofm a %OOO foot caldera, Thus, if we had more material
collapéing than was erupted from the mountain, how could this deep’ =
caldera have been formed? The only possible explanation indicates that
fﬂmxanother reological phenomenon was associzted with Mazema's eruvtcions to
srcduce the caldera., It was elucidoted by Williams that subtcrranean
withdrawl of Maagma, either throuzn fiscsures in the walls of the mazna

chanmher or bv recession of rmacna at Aa%3111 creater Aoanthe AArTE havra seantes



in ¢ . .nction with the eruption/collapse pro-

{
resses oo Jora the basin,.
£ A LES

Followinz the dramatic collapse of Mt,

Mazama, 1t becane dormant. However, 1000 years (BP)

reneved volcanismocctrred producing two smaller
cones (now submerzed beneath the lake's surface), and one cone (¥izard
Island) above the surface of Crater Lake. These lavas helped to sezl
the basin oy fillingy in the cracks and crevasses foraing an impernmeable
bottom in the czaldera. In time, water accumulated in this bvasin throuch
the rain-and snowfall. Since evaporation was less than the water
accunulated, the lake surface and depth continued to increase until even
tually it reached an equilibrium between precipitation and evaporation.

The final result produced the deepest lake in the United States (1632

“Yeet deep), a national hydrologic bench mark, and an area of unsurpassed
becauty preserved as one of your national paris for the present and the

future!
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