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44. NOVARUPTA - VALLEY OF
TEN THOUSAND SMOKES
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Lat 58°16'0" N., long 155°9'24" W., Mount
Katmai B-4 1:63,360 Quadrangle, secs. 36, 18, and
21,T.22S.,R.36W.,sec.13,T.22S.,R.37W,;and
sec.23and 24, T. 21 S., R. 37 W., Seward Meridian.
In June 1912, Novarupta was the source of the
world's most voluminous 20th-century eruption that
included a valley-filling ignimbrite (Hildreth, 1990).
The valley later became known as the “Valley of Ten
Thousand Smokes” after the Griggs expedition (1922)
observed numerous fumaroles emanating from the
ash-flow tuff and from Novarupta. Most fumaroles
disappeared by 1930, but a few persist along
Novarupta subsidence fractures (Kodosky, 1989).
Vent temperatures reached as high as 645°C in
1919, but now none are greater than 90°C (Keith,
1991). Warm springs, ranging 15° to 29°C, that
emanate from the mid-valley portion of the tuff are
probably related to an incompletely cooled lens
deep in the ash-flow tuff (Keith and others, 1992)
The area is in the Katmai National Park wilderness.
Novarupta is 100 km southeast of King Salmon.

Thirty to 35 km? of material was ejected during
the 1912 eruption, filling what is now the Valley of
Ten Thousand Smokes with a 200-m-thick welded
tuff (Hildreth, 1990). The eruption produced the
only Quaternary high-silica rhyolite on the Alaska
Peninsula.

42. MOUNT MARTIN

Lat 58°10'10" N., long 155°21'12" W., Mount
Katmai A-5 1:63,360 Quadrangle, sec. 20, T. 23S.,
R. 37 W., Seward Meridian. The summit crater of
Mount Martin (1,900 m elevation) is kept free of ice
by vigorous solfatara activity that feeds an almost
constant steam plume. More fumaroles probably
discharge directly into a warm, yellowish, acid
crater lake (Kienle and Swanson, 1983). Mount
Martin, 95 km southeast of King Salmon, is the
southwesternmost of the Katmai volcano group.
The land is classified as wilderness in Katmai
National Park.

Mount Martin is a large glacier covered
stratovolcano that reportedly erupted ash in 1953
(Simkin and others, 1981). The volcano produced a
12-km-long Holocene lava flow. The Quaternary to
Tertiary andesites and dacites of Mount Martin are
built on sandstones, siltstones, conglomerates, and
shales of the Upper Jurassic Naknek Formation
(Keller and Reiser, 1959).

43. MOUNT MAGEIK
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Lat 58°11'41" N., long 155°15'10" W., Mount
Katmai A-4 1:63,360 Quadrangle, sec. 12, T.23 S.,
R. 37 W., sec 12., Seward Meridian. Superheated
(167°C) sulfur- and chloride-rich fumaroles emanate
from the broad, four-knobbed summit of Mount
Mageik (Fenner, 1930; D.A. Johnson, unpub. data,
1978, 79; Sheppard and others, 1992). A bluish-
yellow, turbulent, acid (pH~1) crater lake lies between
the two easternmost knobs (Hildreth, 1990). The
lake is situated in a 300-m-diam, 100-m-deep
explosion crater in a dacite dome. Mount Mageik,
120 km southeast of Naknek, is west of Katmai Pass
at the head of the Valley of Ten Thousand Smokes
in the Katmai National Park wilderness.

Two-pyroxene andesites and dacites of Mount
Mageik are mostly Holocene in age, and all four
summit knobs show evidence of Holocene activity
above their glacier-covered flanks (Hildreth, 1990).
This active volcanois built on Upper Jurassic Naknek
Formation. Tuff of the 1912 Katmai eruption is found
to the north (Keller and Reiser, 1959).
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47. MOUNT GRIGGS
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Lat 58°20'45" N., long 155°6'22" W., Mount
Katmai B-4 1:63,360 Quadrangle, secs. 23 and 24,
T.21 S., R. 36 W., Seward Meridian. Numerous
high-pressure fumaroles (vent temperatures 96° to
108°C) expel sulfur-dioxide and chloride-rich gases
fromthe innermost of three concentric summitcraters
of Mount Griggs and from a steep chute southwest
of the summit (D.A. Johnson, unpublished data,
1978-79; Sheppard and others, 1992). Sulfur
sublimates are being deposited around vent orifices.
The downhill fumaroles, which are the loudest and
hottest, are audible from the valley floor (Hildreth,
1990). Mount Griggs is 110 km southeast of Naknek
in Katmai National Park wilderness.

Mount Griggs (2,300 m), formerly Knife Peak,
is a mafic to silicic andesitic stratovolcano located
10 km northwest of the N. 66° E.-trending volcanic
front defined by Mounts Martin, Mageik, Trident,
Katmai and Snowy (Hildreth, 1990). The volcanois
built on Upper Jurassic Naknek Formation. The
1912 Valley of Ten Thousand Smokes tuff lies to

e southwest.

45. MAGEIK CREEK
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46. MOUNT TRIDENT
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Lat 58°13'45" N., long 155°6'50" W., Mount
Katmai A-4 1:63,360 Quadrangle, sec. 35, T. 22 S.,
R. 36 W., Seward Meridian. A 1953 eruption of
Mount Trident began when a vapor and ash plume
issued from a pre-existing fumarole at 1,100-m
elevation (Snyder, 1954). Numerous boiling-point
fumaroles and steaming ground remain active on
the upper outer slopes of the new cone (Hildreth,
1990). Sulfur-dioxide and chloride-rich fumaroles
on the northeast and southeast slopes were depos-
iting sulfur in 1979 (Sheppard and others, 1992).
Sulfurous fumaroles reportedly exist within and near
the summit crater (Kienle and Swanson, 1983). The
area is in the Katmai National Park wilderness.

Mount Trident was named for a cluster of three
andesite-dacite stratovolcanoes (Hildreth, 1990). A
fourth cone that erupted in 1953 grew from 1,100 m
elevation to 1,900-m elevation by 1963. Trident is
built on Upper Jurassic Naknek Formation (Keller
and Reiser, 1959). The most recent activity was the
emplacement of a dome in 1974,
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48. KATMAI CRATER LAKE
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Lat 58°11'38" N., long 155°8'22" W., Mount
Katmai A-4 1:63,360 Quadrangle, secs. 3 and 10,
T.23S,, R. 36 W., Seward Meridian. Two areas of
near-neutral thermal springs emerge from beneath
the Trident lava flows (Keith and others, 1992). The
first set issues at 15°C just south of Katmai pass.
The second set (40° to 42°C), which is further south
on the north bank of Mageik Creek, existed in 1898
(Spurr, 1900) and is shown on maps in Griggs
(1922). Mageik Creek is 88 km southeast of King
Salmon in the Katmai National Park wilderness.

41. GAS ROCKS
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Lat 57°51'16" N., long 156°29'30" W., Ugashik
D-2 1:63,360 Quadrangle, sec. 16, T. 27 S, R.
44 W,, Seward Meridian. Warm brines and carbon
dioxide issue at the base of Gas Rocks on the south
shore of Becharof Lake. Large quantities of carbon-
dioxide gas also emanate several meters offshore to
produce a fountaining effect clearly visible from low-
flying aircraft. Carbon-dioxide-rich gas was
discharged at Gas Rocks before creation of the
Ukinrek Maars, 2 km south. The maar eruptions
were followed by a substantial increase in gas
discharge and development of the briny thermal
springs (Barnes and McCoy, 1979). Maximum
spring temperature, 53°C in 1977, decreased to

Lat 58°15'50" N., long 154°58'30" W., Mount
Katmai B-3 Quadrangle, secs. 14, 15, 22, and 23,
T.22 S., R. 35 W., Seward Meridian. Fumaroles
and mud geysers that erupted to 75 m were
observed by Fenner (1930) on the floor of Katmai
caldera in 1923. These thermal features are now
covered by a 200-m-deep, 3.5 km? caldera lake
(Motyka, 1977). Two zones of sporadic upwelling
inthe yellow-blue-green acid lake (ph =2.5) indicate
continuing geothermal activity on lake floor. Motyka
(1978) measured temperatures of 21°C on the lake
bottom and 9°C in the water column between
160 m and 10 m below the lake surface. Katmai
caldera formed during the 1912 Novarupta eruption,
but did not itself erupt (Hildreth, 1990). Lake level
continues to rise at the rate of 1 to 3 m/yr and is
approximately 260 m below the crater rim. Mount
Katmai is located within the Katmai National Park
wilderness about 100 km from King Salmon.

Partially ice-covered Katmai volcano consists
of pyroxene andesite and dacite lavas and breccias
with some rhyolite blocks (Hildreth, 1990). It is built
on shale, siltstone, and sandstone of the Jurassic
Naknek Formation. To the south and east, the peak
abuts Quaternary to Tertiary intrusive rocks (Keller
and Reiser, 1959). Three glaciers have developeg
within the caldera since the 1912 collapse.

39°Cin1981. Landinthe areais claimed by the
native corporation under terms of the Alaska b
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49. SNOWY MOUNTAIN
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Lat 58°20'10" N., long 154°40'10" W., Mount
Katmai B-3 1:63,360 Quadrangle, secs. 22 and 27,
T.218S., R. 33 W,, Seward Meridian. Two of three
summits of Snowy Mountain exhibit mild fumarolic
activity. Diffuse steaming at 89°C has melted holes
and caves in the ice on the highest summit. Peak
6875, which is 0.7 km to east-northeast, is kept ice
free by steaming ground on its west side (Kienle and
Swanson, 1983). Snowy Mountain is 120 km from
Naknek in Katmai National Park wilderness.

Glaciers almost completely cover Snowy Moun-
tain. Rocks from exposed 5- to 15-m-thick flows are
olivine-bearing, two pyroxene andesites and horn-
blende-bearing dacites (Swanson, 1990). Shallow
Quaternary to Tertiary quartz diorite is also present.
The entire volcanic package rests on the Upper
Jurassic Naknek Formation (Kellerand Reiser, 1959).

55. MOUNT SPURR

Lat 61°17'58" N., long 152°15'4" W., Tyonek
B-6 1:63,360 Quadrangle, sec. 13, T. 14 N., R. 17
W., Seward Meridian. Increases in solfatara activity
have melted large areas of snow and ice on the lower
slopes of the Mount Spurr summit cone (elevation
3,000 m) (Turner and Wescott, 1985). Fumaroles
were at the pressure-boiling-point and the adjacent
rock was too hot to touch. Snowmelt at the Mount
Spurr summit crater and a snow cave 1.5 km north-
east of the caldera rim also indicate thermal activity.

The Spurr volcanic complex consists of an
ancestral volcano whose growth was terminated by
the formation of an avalanche caldera in late Pleis-
tocene time (Nye and Turner, 1990). The present
Mount Spurr then grew in the center of the caldera,
and a satellite stratovolcano, Crater Peak, grew in
the breach on the west side of the caldera. This
predominantly calc-alkaline andesitic volcano com-
plex overlies part of the Alaska Peninsula terrane.
These Silurian to Lower Jurassic limestones, basalts,
and clastics, along with Jurassic to Cretaceous
flysch, are intruded by the Tertiary Alaska-Aleutian
batholith (Nye and Turner, 1990).

54. REDOUBT

Lat 60°29'7" N., long 152°41'31" W., Kenai
B-8 1:63,360 Quadrangle, sec. 35, T.5N.,R. 20 W.,
Seward Meridian. Before 1989, the north rim of the
summit crater of Redoubt Volcano displayed weakly
steaming ground from ice caves below an old lava
dome (Kienle and Swanson, 1983). Explosive summit
eruptions that began in mid-December 1989
destroyed the old dome and produced numerous
ash clouds, lahars, and pyroclastic flows (Miller and
Davies, 1991). Eleven lava domes were emplaced
and destroyed between February and April 1990.
Airborne ash from Mount Redoubt produced
hazardous conditions for aircraft and periodically
hampered air operations in the Anchorage area
between December and February (Casadevall,
1990). Redoubt Volcano, 85 km west of Kenali, is in
Lake Clark National Park and Preserve.

During its 0.9 m.y. eruptive history, Redoubt
has produced high-silica andesite to dacite pyroclastic
deposits, basaltic to basalt-andesitic flows, and thick
andesite flows (Yount, 1990). These lavas rest on
Mesozoic granitoid rocks of the Alaska-Aleutian

SPURR

At least five areas of surface thermal
manifestations have been identified in the Spurr
volcanic complex: diffuse fumarolic activity on the
flanks of the Mount Spurr summit cone (3,000 m);
photographic evidence of snowmelt on the summit
crater; fumaroles and a crater lake on Crater Peak
(2,300 m), a satellite stratovolcano; thermal springs
near the southern base of Crater Peak; and a snow
cave 1.5 km northeast of the caldera rim (Turner and
Wescott, 1985; Motyka and Nye, 1993). Lands
south of Mount Spurr, which is located 130 km west
of Anchorage, are owned by the state of Alaska.
Major geochemical and geophysical surveys,
geologic mapping efforts, and geochronologic studies
have been conducted at Spurr (Turner and Wescott,
1985; Nye and Turner, 1990). The state of Alaska
leased two tracts southeast of Mount Spurr to a
private company for geothermal development.

56. CRATER PEAK
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Crater lake, lat 61°15'56" N., long 152°14'19"
W., Tyonek B-6 1:63,360 Quadrangle, sec. 36,
T.14 N., R. 17 W., Seward Meridian. Hot spring,
lat 61°14'31" N, long 152°14'11* W., Tyonek A-6
1:63,360 Quadrangle, sec. 1, T. 13N, R. 17 W,
Seward Meridian. Crater Peak (elevation 2,300 m)
is a satellite stratovolcano that grew in the breach
of ancestral Mount Spurr. Three major eruptions
from Crater Peak in June, August, and September
of 1992 spewed ash and steam into the stratosphere
and sent pyroclastic flows down the flanks of the
volcano (Alaska Volcano Observatory, 1993).
Before the 1992 eruptions the summit crater
contained a small, warm acid lake and several
zones of mild to vigorous fumarolic activity, including
a 5-m-diam fumarole vent that was actively
depositing sulfur (Motyka and Nye, 1993). Additional
fumaroles (96° to 99°C) and areas of steaming
ground were found on the eastern side of the
breached crater rim. The crater was snow-covered
and did not exhibit thermal activity prior to a 1953
crater eruption. Bicarbonate-sulfate, neutral-pH,
warm springs that emanate along a 1-km-long zone
inavalley atthe south base of Crater Peak comprise
another area of geothermal activity. Total estimated
spring discharge is 1,000 lpm.

Lavas from Crater Peak are more mafic than
those of the Mount Spurr dome. Crater Peak was
the source of a 1953 eruption and the three 1992
eruptions. Because of its proximity to populated
areas, Mount Spurr is considered a significant
hazard to Upper Cook Inlet.

batholith. Eruptions from heavily glaciated Mount
Redoubt resulted in lahars, debris flows, and floods
that posed a significant hazard to oil-storage facilities

at the terminus of the Drift River valley.

53. ILIAMNA

Lat60°1'55" N., long 153°5'25" W., Lake Clark
A-11:63,360 Quadrangle, secs.4and5,T. 2 S, R.
22 W., Seward Meridian. Two large fumarole fields
are located just below the summit on the south
(elevation 2,600 m) and east (elevation 2,750 m)
faces of lliamna volcano (Miller, 1990). Sulfurous
plumes from these inaccessible fields rise up to
700 m above the summit. Mount lliamna is 90 km
northwest of Homer. Land surrounding the volcano
is in Lake Clark National Park or is owned or has
been selected by the Cook Inlet Native Corporation
under terms of the Alaska Native Land Claims
Settlement Act.

Ten glaciers radiate from the summit of lliamna.

[his stratovolcano is the northernmost of a string of
s along a 5-km-long ridge. Olivine basalt
pe_andesite lavas (Kienle and

deposited on the Juras-

batholith

EXPLANATION

GEOTHERMAL SITES
@ Geothermal site, 90°C < reservoir temperature <150°C

€ Geothermal site, 150°C > reservoir temperature
<> Geothermal site, reservoir temperature unknown
A Geothermal gradient test hole’

(°Celsius/km)
A Heat flow measurement site?

R GEOTHERMAL DATA

na Not applicable
-- Nodata

Surface temperature (°C) /e heat discharge
(spring), (fumarole) . ggefoze | 0457  bYSPring flow (MW)

553 | 169°

Total dissolved solids (mg/l) — ™~ Mean reservoir temperature (°C)
METRIC CONVERSION FACTORS

1 meter = 3.281 feet

1 liter = 0.2642 gallon

1 milligram/liter = 1 part per million
°C = 5/9 (°F - 32)

°F=9/5°C + 32

LAND STATUS
State land (patented or approved)

Native land (patented or approved)

Wilderness land

National park, monument, wildlife refuge, and forest;
not classified as wilderness

Federal land managed by Bureau of Land Management;
may include selections by state or natives

(Above classifications may include private land)

GEOLOGY?
Quaternary volcanic rocks

Jurassic to Tertiary plutonic rocks

Quaternary caldera (numbered; see table 2)
Quaternary volcano (most are numbered; see table 2)
Quaternary vent (unnumbered)

Fault, dotted where concealed or inferred

'Geothermal gradient data from Katzenstein and Whelan (1985), Republic Geothermal, Inc. (1983, 1984, 1985) and Tumer and others (1980).

214eat flow data from Ballard and others (1991), Lawver and others (1979), and Sass and Monroe (1970).
SFrom Beikman (1974a, 1974b, 1975, 1980), Burk (1965), and Luedke and Smith (1986).

160°
Base modified from Arctic Environmental Information and Data Center,
Southeast Alaska, 1978. Revised December 1981. Universal Transverse
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