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CRATER LAKE NATIONAL PARK

Crater Lake National Park, encompassing 286 square miles in
the High Cascades of southern Oregon, contains one of North
America’s geologic wonders. The seemingly placid central icon
of the park, Crater Lake, formed following a catastrophic
eruption of Mount Mazama approximately 7,700 years ago.
Crater Lake, which occupies a large caldera, has a surface area of
20.6 square miles and attains a maximum depth of 1,943 feet,
making it the deepest lake in the United States.

In 1902 Crater Lake was designated the United States’ sixth
national park. The park features a 33-mile road around the rim
of the crater that has several spectacular views of the lake. This
road is popular with cyclists in the summer and snowshoers and
cross-country skiers in the winter. There are over 85 miles of
trails within the park that offer both short day hikes and longer
backcountry routes. The Pacific Crest National Scenic Trail
traverses the park for about 32 miles. Scheduled boat tours of
the lake depart from Cleetwood Cove in the summer.

Prominent geologic features in the park include Wizard Island
(E4, F4), Phantom Ship (F6), Pumice Castle (F6), Llao Rock (E4-5),
Devils Backbone (E4), The Pinnacles (H7-8), and Mount Scott
(F7). These well-known rock exposures reveal important clues
about the volcanic past of Mount Mazama and future eruptive
activity at Crater Lake (caldera).

‘ I Llao Rock
; 3 \‘ )

Devil's Backbone and Llao Rock — Devils Backbone (E4) is a 1,000-foot long
andesite dike that stretches from the crater rim to the lake. The dike was a
feeder conduit for a pre-caldera vent and lava flow that erupted 40,000 to
50,000 years ago. Llao Rock (E4-5) is a large mass of rhyodacite that towers
almost 2,000 feet above the northwest corner of the lake. The flows and
related pyroclastic deposits at Llao Rock are part of a volcanic episode that
preceded the caldera-forming eruption of Mount Mazama by just 200 to 100
years.

The climate of Crater Lake National Park is exemplified by cool
summers and moist winters with heavy snowfall. The High
Cascades receive a large amount of precipitation, mainly in the
form of snow in the winter months, when weather fronts move
eastward from the Pacific Ocean and run up against this impos-
ing mountain range. Crater Lake National Park headquarters
receives on average 67 inches of annual precipitation including
over 500 inches of annual snowfall. The majority of snowfall
occurs from November through March and the park averages a
spring snowpack over 120 inches deep. Temperatures
(Fahrenheit) measured at the park headquarters peak in July
and August, with average highs in the 60s and 70s and lows in
the 40s. The coldest temperatures occur in December and
January, with average highs in the 30s and lows in the teens.
Weather in the Cascade Range can change quickly; it is strongly
advised to be prepared for these changes and to check current
conditions before traveling.

Please contact the National Park Service
(http://www.nps.gov/crla/)

for current information regarding National Park Service
rules, regulations, and trail conditions.

Phantom Ship — Phantom Ship (F6) is a 500-foot-long island in the lake that
can take on a ghostly character depending on the time of day and the
viewing angle. Phantom Ship is an erosionally resistant remnant of andesite
and dacite lava flows that erupted from the vicinity of Phantom Cone (F6) in
the southeast part of the caldera around 400,000 years ago.
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Lidar-derived perspective view looking toward the northeast over Crater Lake. See main map for trail segment mileage.

LIDAR

The maps contained in this guide include terrain imagery created using lidar data. The lidar data were collected from a
light aircraft carrying a highly accurate laser scanner. The scanner makes over 100,000 measurements each second to
build up a three-dimensional “point cloud” model of vegetation, structures and the surface of the Earth. A computer
sorts the points, separating those that measure the ground from those that measure trees and buildings. Images
derived from these sets of points can then be merged with aerial photography and other forms of digital map data to

create imagery.

These lidar data have a vertical absolute
accuracy of +2 inches for flat and horizontal
surfaces. Slopes have greater vertical inaccu-
racies. Map elevations within Crater Lake
National Park are lidar-derived and may
differ from previously published elevations.
The remaining elevations are from the USGS.
See the legend for relevant elevation
symbols.

The Oregon Department of Geology and
Mineral Industries (DOGAMI) has been
collecting lidar data in Oregon since 2004.
The goal is to cover the entire state as
funding for data collection becomes
available. Funding comes through the
Oregon Lidar Consortium, which is a
wide-ranging partnership of government
agencies that pool funds through DOGAMI.

You can learn more about lidar and view
lidar images of other parts of Oregon at
www.OregonGeology.org and

www.OregonGeology.org/dogamilidarviewer/.
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GEOLOGY N

Introduction

The area encompassed by Crater Lake National Park is underlain by a variety of volcanic rocks that record
more than 500,000 years of complex volcanism in this part of the Cascade volcanic arc. Early eruptions in this
area built an imposing volcanic mountain known as Mount Mazama. Mount Mazama, constructed of overlap-
ping shield and composite volcanoes, is estimated to have attained an elevation of about 12,000 feet. At its
zenith, the mountain was also mantled by a number of glaciers, as indicated by U-shaped valleys cut into the
remaining lower flanks of the volcano. Many of these cutoff U-shaped valleys can be seen today around the
rim of Crater Lake at places such as Kerr Notch (F6) and Sun Notch (F5).

ERUPTIVE HISTORY

MouptMazama Mount Mazama  (Adapted from USGS) SASUPUREsauily PLIE A80|039

The eruptive history of Crater Lake started about 420,000 years ago with and the Formation of Crater Lake }o IUQUJJJEdQ(] uoSa.lo
the eruption of Mount Scott (F7). Several overlapping shield and compos-
ite volcanoes formed over the next few hundred thousand years, forming
what is now referred to as Mount Mazama. About 30,000 years ago, the
magma became more silica rich. Explosive eruptions and thick lava flows
resulted. Redcloud Cliff (F6) and Grouse Hill (D5) were two of the silica-rich
flows that erupted between 30,000 and 25,000 years ago. About 7,900
years ago an eruption that created the ash, pumice, and lava that
compose Llao Rock (E4-5) occurred. Eruptions built up until approxi-
mately 7,700 years ago with the cataclysmic eruption and collapse of
Mount Mazama: the largest known eruption in the Cascade Mountains.

About 7,700 years ago, Mount Mazama cataclysmically erupted and collapsed, leaving the 5-mile-wide
caldera that Crater Lake occupies today. The caldera-forming eruption has been followed by sporadic volcanic
activity, some of which formed new topographic features, such as Wizard Island (E4, F4). The caldera has also
been half-filled by a lake that reaches a maximum depth of 1,943 feet. Signs of past volcanic activity can be
seen throughout Crater Lake National Park in the many creatively named volcanic landforms. While these
features give us clues to the region’s tumultuous volcanic past, they also remind us that the volcano may erupt
again and pose threats to human activity.

Mount Mazama'’s final eruption began at one vent on the mountain’s
northeast side, where a cloud of ash and pumice was sent 30 miles into
the atmosphere. This cloud was blown northeastward, and layers of ash
were deposited as far away as British Columbia. So much magma was
ejected from the volcano that the summit began to collapse. When the

Mount Mazama begins to erupt,
sending ash and pyroclastic flows
toward the northeast.

Phantom Ship (F6) is made up of the oldest exposed rock
in the Crater Lake caldera (about 400,000 years old). This
175-foot-tall island is composed of remnants of altered

Cascade Volcanoes but hi . : . collapse started, cracks opened up around the flanks of the volcano, and -
X . . . ut highly resistant andesite and dacite lava flows that X X X
Crater Lake is located in the southern part of the Cascade Range, a north-south trending mountain range predate Mount Mazama. pyroclastic flows were sent down all sides of the mountain. When the
extending from southern British Columbia to northern California. The glacier-covered volcanic peaks of the eruption came to an end, a caldera 5 miles wide and nearly 1 mile deep
Cascades commonly stand a mile or more above the surrounding landscape, making them distinctiveamong remained.
mountains in the contiguous United States. These volcanoes are generally isolated from each other, allowing
individual peaks to visually dominate the landscape for 50 to 100 miles in every direction. The chain of
volcanoes that makes up the Cascade Range is the result of long-lived plate tectonic interactions in the
region. The Cascade volcanoes form a volcanic arc that lies to the east of and parallel to the offshore Cascadia
subduction zone, where the Juan de Fuca plate and the North American plate collide at rates of 1 to 4 inches
per year. As the eastward moving Juan de Fuca plate plunges, or “subducts,” beneath the westward moving } ; i v Approximate extent of ash fallout
North American plate, mantle rocks melt above the subducting plate at a depth of about 25 miles. The Palisadsf . DA s S ' : A - i _anEiaan s from the final eruption of Mount
resulting pockets of magma may ascend through weak zones such as fractures and faults. Magma that s i ¢ ;. British - Mazama (tan); area where ash
reaches shallow parts of the Earth's surface may erupt explosively (pyroclastic eruptions) or may ooze quietly A Columbia \\ :;::"gﬂifiigﬁi%:‘:;’]“g‘:e e ————
(lava flows) depending on magma chemistry, gas content, temperature, and pressure conditions. ; B ’ form and eject magma, pumice, ash, and
{ Montana .: pyroclastic flows outward.
,' Washington !
| 4 Canada
!
S - £ HE - :I : Idah 1‘
Tuff spires preserved in The Pinnacles (H7-8, reverse side) / . aho 7
are fol:medpin pyroclastic flow deposits related to the ‘\ , Dregan ,I’ United States
7,700-year-old cataclysmic eruption that formed Crater /
Lake caldera.The Pinnacles are the hollow cores of < _Nevada »
fumaroles; vents formed by escaping volcanic gases = \‘,’
through ash and pumice deposits. As these areas erode,
the harder, cemented cores of these fumaroles remain, Williams
forming the rocky spires of The Pinnacles. Crater
/ Juan de Fuca Plate i A North % g Hl”l;l’)-an
/' + American el o
T Amerc “Watchman ||\ Gz s The Calders | o | dVIW NOILVI¥DIY
|A Voliario s Earihguskes | K Overlook 48,155 Within 750 years following the collapse of Mount Mazama, eruptions in After the cataclysmic eruption ends, pue 3giN 219010319
P .4 AN the caldera created new landforms, all of which except Wizard Island (E4, steam explosions C°"t"]ue as gr_ound
Source: USGS F4) are now underwater. While the caldera began to fill with rainwater water meets hot volcanic deposits. a)l V1 u a lvu 3
and snowmelt, eruptions created what is now Wizard Island, the Central
Platform (E5, F5), and Merriam Cone (E5). Crater Lake’s water volume was
limited by porous rock in the northeast wall of the caldera, which now

The type of volcano produced by an eruption is generally controlled by the silica content of the lava it erupts.

- o Lo . . o serves as a drain and water level regulator for the lake. The last volcanic
Silica or silicon dioxide is the same chemical compound that occurs naturally as quartz. Lava with low silica

; R i X < s : The eruption at Crater Lake occurred about 4,800 years ago with the growth of
co.ntent is relatively fluid and can spread out over large filstanc.eé to produce.a very brgad volcanic cone, or 3 Wat?:'hman a\ (77 ER), - an underwater rhyodacite dome on the eastern flanks of Wizard Island.
shield volcano, whereas lava with intermediate and higher silica content is more viscous and tends to i ! & : Island Witches & Several large landslides have also added sediment to the lake bottom
accumulate around the volcanic vent and produce a steep volcanic cone. The tall volcanic peaks in the R 8,018 %) s 0.8 6.939 i - 'y & over the years
. . . . L. . . ot R ) e Y )
Cascades are predominantly composed of lavas with an intermediate composition called andesite and dacite. R g ; ‘ S Central 7
In addition to being more viscous, lavas of this type have a tendency to trap gas. This trapped gas can produce # v ‘ ’ = 4 ‘ ! entra
violent explcrsions as.the molte.n rock nears the surfac.e ahd pressure decreases. The relgased gas propels lava PusnieeCastle (FE), e eolarfulfarmelbnexposed oorthe : Platform
and preexisting rock into the air, producing pyroclastic (literally “fire fragments”) material. Because volcanoes eastern rim of the caldera, is made up of layers of welded N
of intermediate silica composition can produce both lava flows and explosive eruptions, they are typically and nonwelded air-fall pumice and ash. These pyroclastic AT
composed of alternating layers, or strata, of these materials. Volcanoes built by these eruptions are called deposits and related dacitic lavas erupted east of the Subsequent eruptions fo_rm Wizard
composite volcanoes. caldera around 70,000 years ago. . Islantc.iThg c:ldirakﬁlls with water,
F”"‘?I.’rg'if‘B'ay 5, o, A ey ke CRATER LAKE GEOLOGIC GUIDE AND RECREATION MAP
20,
By
As part of the public education program at the
: 3 : : (@) Department of Geol d Mi |
Lake Bottom Geology of Crater Lake b= Crater Rim Trail Volcanic Dep05|ts and Hazards Source: USGS regon epartment o eology an inera

Industries, we are pleased to provide this guide to the

LAVA FLOWS and DOMES Lava is molten rock that flows onto the Earth's surface. Lava flows move downslope away from a vent and bury or burn _Crat‘_ar La_ke region. The .topogr'aphlc maps shown
everything in their paths. Lava domes form when lava piles up over a vent. ! in this gUIde are based on lidar technology — a new,

highly accurate way to map the ground surface. Learn
PYROCLASTIC F.LOWS Pyroclastic flows are high speed avalanches of hot rock, gas, and volcanic ash that are formed by the collapse of lava more about how DOGAMI is mapping Oregon with
domes or eruption columns. They can move up to 100 miles per hour and have temperatures to 1,500 °F. They are lethal, burning, burying, or . S _
asphyxiating all in their paths. lidar by visiting our web site,

www.OregonGeology.org.

Within a few hundred years after the cataclysmic eruption
and collapse of Mount Mazama, volcanic activity in ( 1 { AP
the newly formed caldera produced several volcanic o L s " A Sent’nxel
landforms: Wizard Island, Merriam Cone, and the Central ‘
Platform. Of these, only Wizard Island currently appears
above the water surface. In addition, a rhyodacite dome
formed about 4,800 years ago east of Wizard Island.
Several areas of landslides and debris flows blanket the
lake bed, and around the edge of the lake Mount Mazama
rock and pre-Mazama rock are also exposed.
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View

TEPHRA Explosive eruptions blast lava fragments (tephra) and gas into the air. Tephra can also be carried aloft in billowing volcanic ash clouds
above pyroclastic flows. Large fragments fall to the ground close to the volcano, but smaller fragments (volcanic ash) can travel hundreds to
thousands of miles downwind.
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Approximate age: 7,700 years to present DEBRIS AVALANCHES and LAHARS  Debris avalanches are rapidly moving landslides of rock, soil, and overlying vegetation, snow; or ice. They can bury
or smash objects in their path. All or some portion of debris avalanches can transforminto lahars. Lahars are fast-moving slurries of rock, mud, and water
that move down river valleys. They can bury, move, or smash objects in their path. Lahars form when pyrodastic flows melt snow or ice, or by the

transformation of debris avalanches, or by mobilization of loose debris on the flanks of volcanoes.

Q Sediment gravity flow deposits Vicki S. McConnell, Oregon State Geologist

O Talus and debris-flow deposits
Landslide and debris-avalanche deposits
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Approximate age: 7,700 years and older
. Mount Mazama andesite and dacite

Pre-Mazama rocks, undivided

Adapted from USGS LINT
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Charles R. Bacon and Joel E. Robinson, U.S. Geological Survey, and Chris Wayne, U.S. National Park Service,
provided helpful comments in the preparation of this map.

Godfrey Glen (G4, H4, reverse side), southeast of Crater Lake, has many fins and pinnacles (similar to The Pinnacles [H7-8, reverse side]
area) that are the hollow cemented cores of fumaroles. In this area, Munson Creek has eroded through the ash and pumice, leaving
only the resistant formations behind.

DISCLAIMER:

This map was electronically constructed by DOGAMI from digital GIS layers. DOGAMI cannot assure the
reliability or suitability of this information for a specific purpose. Data elements were compiled from
various sources. Administrative boundaries are approximate. Many of the roads shown on this map are
not maintained for passenger car use and roads may be seasonally or permanently closed at any time.
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Wizard Island (E4, F4) is a cinder cone that forms the upper : g : S " ey ‘V . - WA S Sl : h <) ) AT S S LR v il - S R 5 i S¢S ; ; _ e ‘ A L i
part of a large andesitic lava platform that resides below the \ \ ; 4 : g ; v Pk ® : N ;
surface of Crater Lake in the western edge of the caldera.The
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