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Abstract

Mudflow deposits emplaced during eruptions of Las­ 
sen Peak in 1915 and those that predate the 1915 eruptions 
indicate that stream valleys in the vicinity of Lassen Peak, 
northeastern California, are susceptible to mudflows. 
Mudflows related to eruptions in 1915 traveled approxi­ 
mately 20 kilometers down Lost Creek, approximately 7 
kilometers down Hat Creek, and less than 3 kilometers 
down Manzanita Creek. A different sequence of eruptive 
events in 1915 could have generated larger mudflows. Pre- 
1915 mudflow deposits possibly related to the extrusion of 
Lassen Peak are exposed in the headwaters of Manzanita 
Creek. The summit morphology and fracture patterns be­ 
fore and during the 1914-15 eruptions indicate that stream 
valleys that drain Lassen Peak to the northwest and south­ 
east are most likely to be affected by eruption-related 
mudflows should future eruptions of Lassen Peak occur. 
Damage reports and existing 1915 mudflow deposits indi­ 
cate that much of the apparent mudflow damage in 1915 
was caused by hyperconcentrated streamf low downstream 
from a mudflow. An ancient landslide on a glacially under­ 
cut slope underlain by hydrothermally altered rocks in the 
valley of Mill Creek is temporally correlated with a 
3,860 + 50-year old mudflow deposit approximately 4 kilo­ 
meters downstream; this finding indicates that landslides 
resulting from a combination of steep slopes and the low 
shear strength of hydrothermally altered rocks can gener­ 
ate mudflows in some stream valleys near Lassen Peak.

INTRODUCTION 

Purpose and Scope

Recent study at Mount St. Helens (Janda and 
others, 1981; Waitt and others, 1983) in addition to re­ 
search conducted at other Cascade volcanoes (Crandell, 
1971; Miller, 1980) indicates that mudflows are the most 
laterally extensive and perhaps the most severe hydro- 
logic hazard associated with volcanic activity in the Pa­ 
cific Northwest. Lassen Peak, as a large volcanic dome, 
has a considerably more limited eruptive history than the 
stratovolcanoes that are more common in the Cascade 
Range. Volcanic domes are steep-sided features formed 
by the extrusion of viscous lava. Stratovolcanoes are

built by the accumulation of alternating layers of lava, 
pyroclastic flow deposits, and mudflow deposits. Mud- 
flows caused by eruptive activity at Lassen Peak in 1915 
show that, despite these differences, the Lassen area is 
susceptible to mudflow hazards. The purpose of this 
study was to look for evidence of mudflows in the geo­ 
logic record in the vicinity of Lassen Peak, and to exam­ 
ine the implications of recent work on volcanic-mudflow 
generation and movement with regard to future mudflow 
hazards in the Lassen area. An understanding of the 
geologic history of the Lassen area is stressed as being a 
critical part of evaluating both the susceptibility of stream 
valleys near Lassen Peak to mudflows and the degree to 
which mudflow hazards near Lassen Peak resemble 
mudflow hazards near other volcanoes.

Previous Work

Potential geologic hazards in Lassen Volcanic 
National Park were studied by D.R. Crandell and D.R. 
Mullineaux (U.S. Geological Survey, written commun., 
1970). Their report discusses hazards associated with 
eruptive activity, landslides, mudflows, and floods. State­ 
ments regarding mudflow hazards are general, and in­ 
dicate that stream valleys draining Lassen Peak are most 
susceptible to mudflow activity. Crandell and Mullin­ 
eaux suggested that mudflows associated with future 
eruptive activity at Lassen Peak could be as large or lar­ 
ger than the mudflows that occurred in 1915.

The 1914-15 eruptions and associated mudflows at 
Lassen Peak were described and discussed by Day and 
Alien (1925), Finch (1930), and Williams (1932). Loomis 
(1926) provided excellent photography of the 1914-15 
eruptions and mudflows. Eppler (1984) described the 
deposits left by the 1915 Lassen Peak mudflows and dis­ 
cussed the mechanics of the emplacement of the deposits.

Studies of mudflow deposits in the vicinity of sev­ 
eral Cascade volcanoes provided the framework for the 
stratigraphic evaluation of mudflow deposits used in this 
study. To assess mudflow hazards near the Cascade vol­ 
canoes, Crandell and Mullineaux (1975) pointed out that 
stratigraphy and extent of mudflow deposits must be
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studied. Mullineaux and Crandell (1962) and Crandell 
and Mullineaux (1973, 1978) studied mudflow deposits 
from Mount St. Helens in Washington. Crandell (1971) 
studied mudflow deposits from Mount Rainier in Wash­ 
ington, and Miller (1980) studied mudflow deposits from 
Mount Shasta in California.

Observations of mudflow generation and move­ 
ment caused by recent eruptions at Mount St. Helens 
also have been helpful in understanding modern mud- 
flow hazards at Lassen Peak. Cummans (1981) and 
Janda and others (1981) discussed mudflows caused by 
the May 18, 1980, eruption of Mount St. Helens. Waitt 
and others (1983) discussed mudflows caused by a sub­ 
sequent smaller eruption at Mount St. Helens. Pierson 
and Scott (1985) discussed the downstream dilution of a 
volcanic mudflow to a hyperconcentrated streamflow 
near Mount St. Helens. Hyperconcentrated streamflows 
have sediment loads of 40 to 80 percent by weight and 
have rheologic properties that are intermediate between 
those of mudflows and those of flowing water (Beverage 
and Culbertson, 1964).
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VOLCANIC MUDFLOW GENERATION

The generation of a volcanic mudflow requires a 
source of water and a large volume of easily mobilized 
sediment. Loose debris is commonly present on the 
flanks of volcanoes; hence, the sudden availability of 
water in volcanic areas commonly is the controlling 
condition in mudflow generation. The great relief com­ 
mon near volcanoes causes mudflows to increase or 
maintain their speed and to flow long distances down­ 
stream.

Crandell (1971) described a variety of conditions 
that have caused mudflows on and near various volca­ 
noes. Conditions directly related to volcanic eruptions 
include the expulsion of a crater lake, the direct extru­ 
sion of mud from a vent or fissure, the temporary dam­ 
ming of a river by rock debris from an eruption, the 
melting of snow and ice by a volcanic blast or pyroclas- 
tic flow, the collapse of hydrothermally altered volcanic

dome rocks as a result of volcanic or phreatic explo­ 
sions, and the melting of snow and ice by contact with 
a lava flow. Conditions unrelated or indirectly related 
to volcanic eruptions include the breaching of large 
lakes on or near volcanoes, the release of water stored 
in or behind glacial ice, and the mobilization of loose pyro- 
clastic deposits or other volcanic materials on steep 
slopes by intense rains or rapidly melting snow. Land­ 
slides that are common in hydrothermally altered areas 
near some volcanoes can generate mudflows by incor­ 
porating streamflow and mobilizing downstream into 
mudflows (Johnson and Rahn, 1970) or by damming a 
stream, creating a small lake that incorporates sediment 
and that flows downstream as a mudflow when the dam 
breaches.

GEOLOGIC HISTORY OF THE STUDY AREA

Lassen Peak is one of the southernmost Cascade 
volcanoes (fig. 1). Eruptions in the vicinity of Lassen 
Peak date back to the late Pliocene. Lavas, pyroclastic 
flow deposits, and mudflow deposits that form a large
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QUATERNARY VOLCANIC 
ROCKS OF THE 
CASCADE RANGE 
(from Clynne, 1984)
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Figure 1. Location of the study area and Quaternary vol­ 
canic rocks in the Cascade Range.
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plateau in the area have been attributed to three vol­ 
canic centers, each of which had a cone-building stage 
followed by a period of silicic dome building, lava flow 
extrusion, and pyroclastic flow emplacement (Clynne, 
1984). The most recent of the three centers is called the 
Lassen volcanic center (Williams, 1932). Remnants of 
the stratovolcano created during the cone-building stage 
of this center (Brokeoff volcano) include Brokeoff 
Mountain, Mount Diller, and Mount Conard (fig. 2). 
Brokeoff volcano was constructed during the period be­ 
tween 0.35 and 0.70 million years ago (Clynne, 1984), 
after which the massive volcano was largely destroyed 
by glaciers that extensively eroded the hydrothermally 
altered cone (Williams, 1932). The long-lived volcanic 
centers are within an area of basaltic volcanism of a

EXPLANATION

STUDY SITE AND DESIGNATION

01 2345 KILOMETERS

Figure 2. Location of study sites. Sites A-D mark the down­ 
stream extent of 1915 mudflow deposits. Locations of sites 
A and B from Eppler (1984).

regional nature that has produced shield volcanoes, lava 
flows, and cinder cones (Clynne, 1984).

Crandell (1972) estimated the age of Lassen Peak 
to be about 11,000 years, based on glacial evidence and 
the geometry of the mountain. In particular, the lack of 
major well-defined cirques on Lassen Peak, the talus 
cone that could not have survived glaciation but that 
presently surrounds Lassen Peak, and glacial striations 
on rock surfaces close to Lassen Peak that are in ori­ 
entations that do not parallel likely flow directions for 
glaciers that originated on Lassen Peak indicated to 
Crandell (1972) that the extrusion of Lassen Peak post­ 
dated the most recent major glaciation (11,000 to 15,000 
years B.P.) in the area. Small glacial cirques and mo­ 
raines on Lassen Peak were attributed by Crandell 
(1972) to minor glaciation (5,000 to 11,000 years B.P.) 
that corresponds to a late Tioga age glacial advance in 
the Sierra Nevada.

New evidence suggests that a part of Lassen Peak 
predates major glaciation in the Lassen area. Clasts, 
which have a lithology that is indistinguishable in hand 
specimen from the lithology of the Lassen Peak dome, 
are widespread in glacial deposits that extend more than 
10 km downstream from Lassen Peak in the Lost Creek 
valley. Hand-specimen clasts in glacial material are con­ 
sidered to have the same lithology as Lassen Peak rocks 
if they have a silicic, glassy groundmass; abundant phe- 
nocrysts of feldspar, quartz, biotite, and hornblende; 
and distinctive emerald-green phenocrysts of augite. The 
groundmass, where fresh, is light gray to medium gray, 
the darker color indicating a higher glass content. 
Where oxidized, the groundmass appears pink to red. 
Phenocrysts consist of about 70 to 80 percent feldspar, 
10 percent or more quartz, at least 5 percent biotite, 5 
percent hornblende, and traces of augite (M.A. Clynne, 
U.S. Geological Survey, oral commun., 1984). Al­ 
though none of these mineralogical characteristics alone 
is unique, together they produce a unique lithology that 
can be distinguished from other lithologies in the area.

The apparently unglaciated appearance of much 
of Lassen Peak contrasts with a bowl-shaped valley on 
the northeast side of Lassen Peak (the headwaters of 
Lost Creek), which resembles a glacial cirque more than 
the side of an unglaciated volcanic dome. Lassen Peak 
may have been extruded during more than one dome- 
building period one preceding major glaciation, and 
another in postglacial times that obscured most of the 
glacial features of the older dome. Chemical data for 
Lassen Peak rocks show two distinct groups within the 
dome (M.A. Clynne, U.S. Geological Survey, written 
commun., 1985).

Known eruptive activity in the Lassen Peak area 
that postdates the extrusion of Lassen Peak includes the 
extrusion of Chaos Crags and associated pyroclastic 
flows, multiple eruptions of a small cinder cone about 
18 km northeast of Lassen Peak (James, 1966), and the

Susceptibility to Mudflows in the Vicinity of Lassen Peak, California 99



1914-15 eruptions at Lassen Peak. The Chaos Crags 
dome-forming and pyroclastic events, dated at 1,050 
years B.P. (Clynne, 1984), resemble other episodes of 
the silicic volcanism that characterizes the present stage 
of the Lassen volcanic center. The cinder-cone erup­ 
tions, which included the extrusion of lava flows and the 
formation of a small cinder cone, resemble other epi­ 
sodes of the hybrid andesite volcanism that also is char­ 
acteristic of the present stage of the Lassen volcanic 
center (Clynne, 1984). The hybrid andesite volcanism is 
the result of mafic magma from deep in the Earth's 
crust mixing with a shallower body of silicic magma, 
from which nearby silicic domes and associated pyro­ 
clastic flows were derived (Clynne, 1984). Neither the 
Chaos Crags nor the cinder-cone eruptions apparently 
were associated with significant mudflows. Relief in the 
area was not sufficient to give potential mudflows much 
momentum. Also, the geometry and the cooling history 
of Chaos Crags and the cinder cone during the period of 
volcanism probably were not conducive to the collec­ 
tion of a large snowpack, which is an important source 
of water for mudflow generation.

1914-17 ERUPTIONS AND MUDFLOWS AT 
LASSEN PEAK

Until the May 1980 eruptions at Mount St. Helens, 
Lassen Peak was the site of the most recent volcanic 
eruption in the conterminous United States. The 1914-17 
eruptions of Lassen Peak started with an eruption of 
clouds of ash and water in May 1914, and continued 
with similar mild eruptions until May 1915. A lava flow 
became visible at the summit of Lassen Peak on May 19, 
1915. On that night, a sediment-rich flood carrying 
pieces of the new lava damaged property in the valleys 
of Lost and Hat Creek valleys. A volcanic blast on 
May 22, 1915, destroyed part of the forest on the north­ 
east flank of Lassen Peak, and generated a large mud- 
flow in the valley of Lost Creek and a smaller mudflow 
in the valley of Hat Creek (fig. 2). Smaller mudflows 
were emplaced in the valley of Manzanita Creek at an 
undetermined time on May 22, and on the northeast 
flank of Lassen Peak on May 22 after the large blast and 
its associated mudflows. Eruptions of ash and water 
vapor continued intermittently until June 1917.

The specific conditions that caused the first of the 
two large mudflows at Lassen Peak in 1915 are contro­ 
versial. Diller (1916) and Day and Alien (1925) attri­ 
buted the snowmelt, which provided the water for the 
mudflow, to a laterally directed volcanic blast. Finch 
(1930) reinterpreted the events and decided that contact 
with newly extruded lava melted the snow. The lava-flow 
hypothesis became widely accepted (Williams, 1932; 
Crandell, 1971) but has recently been contested by

Eppler (1984) who supported the volcanic-blast 
hypothesis.

Because the May 19 mudflow and its presumed ini­ 
tiating event occurred at night, and because the May 22 
blast and mudflows covered much of the area affected 
by the May 19 mudflow and possible volcanic blast, 
indirect evidence must be used to test the different hy­ 
potheses. Calculations by Eppler (1984) indicate that the 
heat transfer resulting from contact of the May 19 lava 
flow with underlying snow was not sufficient to melt the 
water required for the rather large May 19 mudflow. 
Eppler (1984) also made calculations indicating that the 
steam released by juvenile magma was not an adequate 
source of water for the May 19 mudflow. Photographs 
of the crater taken before the May 19 mudflow show a 
small lake; however, its apparent volume is orders of 
magnitude smaller than the estimated water require­ 
ment for the May 19 mudflow. Tentative evidence of a 
small May 19 volcanic blast is seen in photographs taken 
before May 19 and between May 19 and May 22. Ac­ 
cording to Eppler (1984), these photographs show the 
denudation, probably by a small volcanic blast, of a 
small, previously forested area that lies outside the path 
of the May 19 mudflow. A volcanic explosion may have 
broken up the lava flow, facilitating more efficient heat 
transfer between lava and snow. A major eruption, 
during which a laterally directed volcanic blast de­ 
nuded considerable parts of the northeastern flank of 
Lassen Peak, was associated in time with the first 
May 22 mudflow in Lost Creek. Although the May 22 
blast covered a larger area in the headwaters of Lost and 
Hat Creeks than did the May 19 mudflow and possible 
blast, the volumes of the May 22 mudflow deposits were 
smaller than the volume of the May 19 deposit. Pos­ 
sibly, the May 19 mudflow had greatly depleted sources 
of water and sediment before the May 22 mudflows. The 
second May 22 mudflow in the Lost Creek valley and 
the mudflows in the Manzanita Creek valley were not 
obviously associated with explosive volcanic activity.

During the 1915 eruptions of Lassen Peak, a hy­ 
brid andesite magma, which was more mafic than the 
parent magma of Lassen Peak, reached the Earth's sur­ 
face through a conduit in the Lassen Peak dome. It is 
unlikely that the 1915 magma was extruded from the 
magma chamber that produced the Lassen Peak dome 
(MacDonald and Katsura, 1965). Lava flows that have 
lithologies different from those of surrounding rocks are 
not found on other silicic domes in the Lassen Peak 
area.

METHODS OF STUDY

Initial field investigations were conducted in 
stream valleys that contain 1915 mudflow deposits, in-
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eluding the valleys of Lost Creek, Hat Creek, and 
Manzanita Creek (fig. 2). These valleys were of particu­ 
lar concern because the geologic, climatic, and topo­ 
graphic factors that controlled mudflow occurrence in 
1915 might also control mudflow occurrence during 
possible future eruptions. Subsequent investigations 
were conducted in the valleys of North and South Bailey 
Creeks because of their proximity to Lassen Peak. Fi­ 
nally, the valley of Mill Creek was examined because of 
its proximity to Lassen Peak and its potential for land- 
sliding in the extensively hydrothermally altered rocks in 
the northern part of the basin. Time did not permit an 
examination of the valleys of Kings Creek and Warner 
Creek, which were given low priorities because of the 
complex topography between the main parts of those 
valleys and Lassen Peak.

Field investigations entailed walking stream 
valleys and looking for mudflow deposits. The distinc­ 
tion between mudflow deposits and glacial and volcani- 
clastic deposits commonly was ambiguous. Distinctive 
but not universal features of volcanic mudflows include 
abundant void spaces within the matrix, crude inverse 
grading, and an outcrop pattern consisting of a thin 
veneer on terraces or benches within stream valleys 
(Crandell, 1971). Where exposed and preserved, a 
bedded sandy layer at the base of some mudflow de­ 
posits (Schmincke, 1967) is helpful in distinguishing 
mudflow from glacial deposits. Although striated and 
faceted clasts are distinctive of glacial till, the possi­ 
bility that mudflows could have incorporated glacial 
material enroute down-valley prevents the use of such 
clasts as indicators of glacial origin (Crandell, 1971). 
Distinctive characteristics of pyroclastic flows include 
the presence of a pumiceous matrix, welding (which may 
or may not be present in the pyroclastic materials), 
abundant charcoal at the bases of deposits, and uni­ 
form rather than random directions of thermoremnant 
magnetism (Crandell, 1971). Mudflow deposits of 1915 
or later were distinguished from all other deposits by 
their inclusion of pieces of the distinctive black, glassy 
dacite that was extruded in 1915.

MUDFLOW STRATIGRAPHY IN STREAM 
VALLEYS

1915 Deposits

Mudflow deposits were emplaced in the valleys of 
Lost Creek, Hat Creek, and Manzanita Creek during 
the eruptions of Lassen Peak in May of 1915. The de­ 
posits were mapped by Williams (1932) and MacDonald 
(1963), and were examined in more detail in the valleys 
of Lost and Hat Creeks by Eppler (1984). The fol­ 
lowing discussion summarizes and augments previous 
work on the 1915 deposits.

Lost Creek

The Lost Creek valley received the largest mud- 
flows generated during the 1915 eruptions of Lassen 
Peak. Deposits left by the 1915 mudflows extend ap­ 
proximately 20 km downstream from the peak (site A in 
fig. 2). Eppler (1984) distinguished three mudflow 
deposits in the Lost Creek valley one emplaced on 
May 19, and two on May 22. According to Eppler, the 
May 19 deposit ranges from 0.15 to 1.5 m in thick­ 
ness and contains about 6xl06 m3 of material; the first 
May 22 deposit ranges from 0.1 to 1.0 m in thickness 
and contains about 2x 10 6 m3 of material; and the second 
May 22 deposit is thicker than the first May 22 deposit, 
contains about IxlO6 m3 of material, and is found only 
in the southern parts of the Hat Creek and Lost Creek 
valleys.

The three mudflow deposits differ considerably in 
their average thickness, their morphology as deposits, 
and their grain-size distribution (Eppler, 1984). The 
May 19 and the second May 22 mudflow deposits are 
thick, very poorly sorted, coarse grained, and have 
steep-sided margins, leveed channels, and an uneven 
surface morphology. The first May 22 deposit, in con­ 
trast, is finer grained, better sorted, and has thin mar­ 
gins and a flat surface morphology. Differences between 
the deposits may reflect differences in the velocity and 
water content of the mudflows during emplacement and 
grain-size distribution of the sediment entrained in the 
flows.

Hat Creek

Williams (1932) and MacDonald (1963) mapped 
1915 mudflow deposits along the entire reach of Hat 
Creek upstream from its junction with Lost Creek. 
Eppler's (1984) map and our investigation show 1915 
mudflows extending only about 7 km downstream from 
Lassen Peak along Hat Creek to a point well upstream 
from the junction of Hat and Lost Creeks (site B in 
fig. 2). The greater extent of 1915 mudflow deposits in 
the Lost Creek as opposed to the upper Hat Creek 
valley probably reflected the orientation of the volcanic 
blasts and the deflection of mudflows by the low ridge 
that separates the headwaters of Lost and Hat Creeks 
(D.B. Eppler, Arizona State University, oral commun., 
1984).

Manzanita Creek

Williams' (1932) map of the Lassen Peak area 
shows 1915 mudflow deposits extending down both 
headwater forks of Manzanita Creek to just down­ 
stream from their junction. Our field investigation, how­ 
ever, revealed a more limited extent of 1915 mudflow 
deposits in the Manzanita Creek drainage (sites C and
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D in fig. 2). Photographs taken before and after the 
May 22 eruptions indicate that the bulk of the 1915 
mudflow deposits in the Manzanita Creek drainage were 
emplaced on May 22 (Day and Alien, 1925). The de­ 
posits in both the unnamed north and south forks of 
Manzanita Creek resemble the May 19 and particularly 
the second May 22 mudflow deposits in Lost Creek in 
their coarse texture, poor sorting, and well-defined 
levees and flow margins.

Deposits Not Related to 1915 Eruptions

We attempted to identify and map pre-1915 mud- 
flow deposits in the Lassen Peak area in order to assess 
the present-day susceptibility of the stream valleys there 
to mudflows. Ancient mudflows that apparently origi­ 
nated from the now-extinct Brokeoff volcano therefore 
were not considered in this investigation. Mudflows 
related to glacial activity on Lassen Peak are men­ 
tioned but not emphasized. Postglacial mudflow de­ 
posits that occur in hydrothermally altered areas and 
that appear unrelated to eruptions of Lassen Peak are 
discussed. References to pre-1915 mudflows originating 
from Lassen Peak in the valleys of Lost and Hat Creeks 
have been made by Finch (1929), Williams (1932), and 
Crandell (1972). No evidence of mudflow activity was 
found in the valley of Bailey Creek.

Lost Creek

Two mudflow sequences are exposed in steep 
walls of gullies near the headwaters of Lost Creek. The 
exposure at site E (fig. 2) is at least 2.5 m thick and 
consists of 0.5- to 1.2-m thick, poorly sorted layers in- 
terbedded with 7- to 10-cm thick, moderately to well- 
sorted sandy layers. Charcoal from one of the sandy 
layers yielded a radiocarbon age of 7,980 ± 50 years 
(M.A. Clynne, U.S. Geological Survey, oral commun., 
1985). A 13- to 17-m thick sequence of mudflows inter- 
bedded with alluvium is exposed at site F (see fig. 2) 
(Crandell, 1972). These deposits differ from other mud- 
flow deposits in the Lassen Peak area in their extensive 
association with alluvium. Although the deposits de­ 
scribed by Crandell (1972) could not be dated directly, 
a tentative correlation with a sand-and-gravel deposit 
downstream that underlies a 5,400-year-old peat de­ 
posit, and the similarity of the weathering profile on the 
mudflows to the weathering profile on moraines of late 
Tioga age, indicated to Crandell (1972) that the deposits 
resulted from the mobilization of debris by meltwater 
during the late Tioga glacial retreat. There is no evidence 
that either of the mudflow sequences extended beyond 
the flanks of Lassen Peak. The apparent limited extent 
of the mudflows, and their likely temporal association

with late Tioga glacial activity, diminishes their im­ 
portance from a modern hazards perspective.

Williams (1932) described pre-1915 mudflow 
deposits in the form of "moraine-like mounds" adjacent 
to and outside the 1915 mudflow deposits in Lost Creek. 
Williams (1932) believed that the older mudflows were 
associated with the formation of Lassen Peak and were 
more extensive than the 1915 mudflows. Finch (1929) 
also described pre-1915 deposits along Lost Creek, some 
of which he believed were emplaced within the last 500 
years.

Our field investigation along Lost Creek was con­ 
ducted between 1 and 30 km from the summit of Lassen 
Peak (fig. 2). Beyond the flanks of Lassen Peak, most 
exposures in the banks of the creek consist of 1915 
mudflow deposits, underlain in places by Chaos Crags 
pyroclastic flow deposits, and glacial deposits beneath 
and on streambanks adjacent to and outside the 
younger deposits. Exposures, mentioned as pre-1915 
mudflow deposits by Williams (1932) and Finch (1929), 
appear to be glacial deposits and 1915 mudflow deposits.

Hat Creek

Williams' (1932) geologic map of the Lassen Peak 
area shows about 1 km2 of pre-1915 mudflow deposits 
along the headwaters of Hat Creek. More recent field 
studies indicate that, rather than older mudflow de­ 
posits, a thin, unsorted deposit containing solidified 
pieces of 1915 lava is widespread in that area (R.L. 
Christianson, U.S. Geological Survey, oral commun., 
1984). Our investigation along the upstream reaches of 
Hat Creek for the present study was conducted be­ 
tween 1 and 10 km from the summit of Lassen Peak 
(fig. 2). The pre-1915 exposures in the banks of the creek 
consists of pyroclastic flow deposits, fluvial deposits, 
glacial deposits, and lava flows.

Manzanita Creek

Mudflow deposits that pre-date the Chaos Crags 
pyroclastic flows are exposed in gully walls at the head 
of the unnamed north fork of Manzanita Creek (site G 
in fig. 2). At least two mudflow deposits, each of which 
is approximately 0.3 and 0.5 m thick, overlie a de­ 
posit that consists of considerably weathered, angular 
clasts with a lithology that appears identical in hand 
specimen to that of Lassen Peak. Clasts in the mudflow 
deposits also are exclusively of the Lassen Peak lithol­ 
ogy. In contrast to mudflow deposits identified by 
Crandell (1972) in the headwaters of Lost Creek, the 
Manzanita Creek deposits contain very angular clasts 
and are not associated with fluvial deposits. Bedded 
basal layers distinguish the mudflow deposits from
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glacial till; a lack of pumiceous matrix distinguishes the 
mudflow deposits from pyroclastic deposits. These pre- 
1915 mudflows may have been related to the initial ex­ 
trusion of the Lassen Peak dome. No evidence of these 
mudflows was found farther downstream. Between site 
G (fig. 2) and Manzanita Lake, stream cuts expose 
Chaos Crags pyroclastic flows, glacial deposits, and the 
considerably weathered deposit consisting exclusively of 
angular fragments of Lassen Peak lithology. Down­ 
stream from Manzanita Lake, the course of Manzanita 
Creek was disrupted by the collapse of a part of the 
Chaos Crags dacite dome field about 300 years ago 
(Crandell and others, 1974). Glacial deposits and vari­ 
ous volcanic units are exposed along the abandoned 
course of Manzanita Creek, but there is no evidence of 
mudflow activity.

Mill Creek

Mudflow hazards in the Mill Creek valley differ 
from those in the valleys discussed previously because 
(1) the Mill Creek valley is separated from Lassen Peak 
by complex topography that could deflect or dissipate 
mudflows, and (2) landslides on the streamside hill- 
slopes that have been glacially steepened and extensively 
altered hydrothermally can mobilize into mudflows. 
Mudflows generated directly from volcanic activity are 
less likely here than in other stream valleys draining 
Lassen Peak, as indicated by the lack of 1915 mudflow 
activity in the Mill Creek valley. Mudflows generated by 
mass-movements on steep slopes underlain by hydro­ 
thermally altered bedrock, however, are a significant 
hazard, as indicated by the mudflow deposits discussed 
below.

Mudflow deposits that postdate glacial activity 
were observed at several locations in the Mill Creek 
valley (fig. 2). At site H, about 4 m of fluvial deposits 
interbedded with more poorly sorted layers, which may 
be mudflow deposits, are overlain by a mudflow deposit 
about 1 m thick. This uppermost mudflow deposit 
is unsorted; contains rounded, subangular, and angular 
clasts; does not contain clasts of Lassen Peak lithology; 
and is underlain by a sandy, bedded layer. At site I, 
about 1 km downstream from site H, a poorly sorted, 
roughly bedded deposit containing charred logs is ex­ 
posed in steep streambanks about 10 m above the 
present level of Mill Creek. One of these logs has been 
dated at 3,310 ± 55 years B.P. (Clynne, 1984). The land 
surface along the left bank of the creek at that location 
is hummocky and contains elongated boulder ridges 
that may have resulted from mudflows.

About 3 km farther downstream, a continuous 
deposit extends 240 m along both sides of Mill Creek 
(site J in fig. 2). Streambed exposures of the deposit are 
unbedded, and 5 to 8 m thick (fig. 3). Clasts are angular

to subangular, and both clasts and matrix appear hy­ 
drothermally altered. The matrix is considerably more 
clayey than mudflow deposits observed in the valleys of

Figure 3. Mudflow deposit at site J (fig. 2) in the Mill Creek 
valley. Deposit is 5 m thick at this location. A, Downstream 
view of deposit on right bank. B, In-channel view of de­ 
posit on right bank.
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Lost, Hat, and Manzanita Creeks. The deposit slopes 
away from Mill Creek toward both valley walls, thins 
downstream, and ends abruptly on both sides of the 
valley. Charcoal collected from a continuous organic- 
enriched layer at the base of the deposit on the left bank 
was dated at 3,860 ± 50 years B.P.

Similar radiocarbon ages of the deposits at sites I 
and J (fig. 2) indicate that the deposits resulted from a 
single mudflow. Active streamside landsliding along 
Mill Creek may have removed intermediate parts of the 
deposit. Clynne (1984) correlated the deposit that he 
dated with a large landslide identified by D.R. Crandell 
and D.R. Mullineaux (U.S. Geological Survey, written 
commun., 1970) adjacent to one of the headwater tribu­ 
taries of Mill Creek (fig. 2). The correlation was based 
on clasts of similar lithologies in the deposits and, in the 
lower deposit, the inclusion of a log from a tree species 
that grows only at the higher altitudes where the land­ 
slide occurred. The landslide identified by Crandell and 
Mullineaux may have incorporated streamflow and 
mobilized into a mudflow. This mudflow apparently 
traveled about 4 km downstream, leaving the deposits 
dated by Clynne (1984) and by the present study.

RELATION BETWEEN MUDFLOW DEPOSITS 
AND DAMAGE

Reports of damage caused by the May 19, 1915, 
mudflows and related floods near Lassen Peak, although 
inconsistent and difficult to interpret, indicate that 
damage extended downstream from the present (1985) 
extent of May-19, 1915, mudflow deposits. Accounts 
from Loomis (1926) indicate that cabins on Hat Creek 
owned by Wilcox, Sorenson, and Hall were severely 
damaged or destroyed on the night of May 19, 1915. 
Accounts of cabins filled with mud indicate that the 
damage was done by mudflows or extremely sediment- 
rich streamflows. A sketch map of homestead and ranch 
locations in a 1915 account of mudflow damage 
(Richard L. Vance, U.S. National Park Service, written 
commun., 1985) and descriptions of the location of 
cabins and ranches by Willendrup (1976) indicate that
(1) the Wilcox and Sorenson cabins were part of home­ 
steads located between the junction of Lost and Hat 
Creeks and the present (1985) Old Station Post Office;
(2) the Hall ranch was between the Old Station Post 
Office and Old Station (fig. 2); and (3) the Wilcox 
Ranch was downstream from the Hall ranch. A report in 
Loomis (1926) of damage to a Wilcox cabin down­ 
stream from the Hall ranch possibly is a confused ac­ 
count of damage to a cabin on the Wilcox homestead 
upstream from the junction of Lost and Hat Creeks. 
Eppler (1984) mapped the downstream extent of the 
May 19, 1915, mudflow deposit at about 2.5 km up­

stream from the junction of Lost and Hat Creeks (fig. 2). 
Much of the damage attributed to the May 19, 1915, 
mudflow in the Hat Creek valley, therefore, probably 
was caused by hyperconcentrated streamflow down­ 
stream from the mudflow.

Accounts of the May 19, 1915, mudflow also in­ 
dicate that the height of the flow was well above the 
height of the resulting deposit. Mud lines on trees in 
the valley of Lost Creek about 7 km downstream from 
Lassen Peak were an estimated 4 to 6 m above the 
top of the mudflow deposit (Loomis, 1926). The thick­ 
ness of the deposit in that area is commonly less than 
1 m.

POSSIBLE FUTURE MUDFLOWS 

Mudflows Related to Eruption

Mudflows directly related to eruptions of Lassen 
Peak are the most significant mudflow hazard in most 
stream valleys draining the peak. Therefore, the proba­ 
bility of future large mudflows in these valleys is a func­ 
tion of the probability of future eruptive activity on 
Lassen Peak. Although no volcanic domes in the Lassen 
area except for Lassen Peak show evidence of eruptions 
long after their period of formation, the 1915 and pos­ 
sible prior eruptions indicate that future eruptions of 
Lassen Peak are possible.

Conditions controlling the magnitude and direc­ 
tion of mudflows that could be caused by future erup­ 
tions are variable, and some are difficult to predict. Such 
conditions include the depth of the snowpack and the 
direction and area affected by blast or pyroclastic flows. 
There is general consensus that the snowpack was un­ 
usually thick before the May 1915 eruptions of Lassen 
Peak. Day and Alien (1925) reported that snow depths 
ranged from 5 to 13 m in the bowl at the head of Lost 
Creek in May 1914, and also that the cumulative snow­ 
fall during the winter of 1914-15 at nearby weather sta­ 
tions was similar or greater than that during the winter 
of 1913-14.

Although a thicker snowpack could provide a 
greater source of water and thus increase the size of 
potential mudflows, the effects of recent volcanic ac­ 
tivity on glaciers at Mount St. Helens indicate that a 
single pyroclastic flow or volcanic blast does not always 
melt all the snow and ice in its path. Brugman and 
Meier (1981) reported the melting and erosion of about 
6 m of snow and ice on glaciers in the paths of pyro­ 
clastic flows at Mount St. Helens. They also reported a 
change from 45 to 20 m in the estimated average 
thickness of a glacier in the area affected by the May 18, 
1980, volcanic blast. This change may overestimate the 
thickness of snow and ice actually removed by the blast 
because the original thickness is an average of the
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thickness of the entire glacier, whereas the posteruption 
thickness is an average of the lower part of the glacier 
(the upper part having been removed by a massive 
landslide), which most likely was thinner than the upper 
part even before the eruption. The capacity of a pyro- 
clastic flow to erode a snowpack may exceed the poten­ 
tial of such a flow to erode more densely packed glacial 
snow and ice.

The size of the snow-covered area affected by a 
pyroclastic flow or volcanic blast can affect the volume 
of snow melted and hence the size of a resulting mud- 
flow. Day and Alien (1925) concluded from an exami­ 
nation of photographs taken in May 1915, that the 
May 22, 1915, blast at Lassen Peak covered a larger area 
on the flanks of Lassen Peak than did the mudflow and 
possible blast of May 19, 1915. If the May 22 blast had 
occurred before the May 19 mudflow and possible blast 
had removed much of the snow in the headwaters of 
Lost Creek, the resulting mudflow in that valley may 
have been larger than the one that occurred on May 19, 
1915.

Although controls on the eastern orientation of 
the May 22 blast and the possible May 19 blast are not 
understood, several lines of evidence indicate that the 
east and west sides of Lassen Peak have a greater prob­ 
ability of being affected by eruptions than other sides; 
therefore, the valleys of Lost, Hat, and Manzanita 
Creeks have a relatively greater probability of being 
affected by mudflows related to eruptive activity. Before 
the 1914-15 eruptions of Lassen Peak, notches on the 
east and west sides of the summit indicated a zone of 
weakness and possible earlier eruptions oriented along 
an east-west-trending line (Day and Alien, 1925). During 
the early stages of the 1914-15 eruptions, fractures ex­ 
tending from the crater and the elongation of the crater 
itself also were oriented in an east-west direction (Day 
and Alien, 1925). During the May 19-22, 1915, erup­ 
tions, lava was extruded down the northeast and west 
flanks of Lassen Peak (fig. 2).

Mudflows Not Related to Eruption

Mudflow deposits in Mill Creek indicate that hy- 
drothermally altered areas near Lassen Peak are sus­ 
ceptible to large mudflows that are not directly related 
to eruptions. The most likely mechanism for generating 
these mudflows involves the occurrence of landslides 
on glacially oversteepened valley walls underlain by the 
weak, hydrothermally altered rocks. These landslides 
can mobilize downstream into mudflows or can dam 
streams; when the dam breaches, the collected water and 
incorporated sediment can flow downstream as a mud- 
flow. The significance of rapid mass-movement and 
clayey mudflows in hydrothermally altered areas near

volcanoes was recognized by Crandell (1971). Substan­ 
tial clay contents of such mudflows add to their mobil­ 
ity (Rodine and Johnson, 1976) and consequent destruc­ 
tive potential.

SUMMARY

Mudflow deposits in stream valleys draining 
Lassen Peak demonstrate a potential for mudflows in 
this area. Mudflow deposits that resulted from eruptions 
in May 1915 extend about 20 km down the valley of 
Lost Creek, about 7 km down the valley of Hat Creek, 
and less than 3 km down the valleys of two unnamed 
headwater tributaries of Manzanita Creek. Deposits left 
by mudflows unrelated to the 1915 eruptions of Lassen 
Peak were found in the valleys of Lost, Manzanita, and 
Mill Creeks.

Mudflows resulting from eruptions of Lassen Peak 
are the most significant mudflow hazard in most valleys 
in that area. Although repetitive eruptive activity does 
not appear typical of volcanic domes in the Lassen Peak 
area, the 1914-15 eruptions of Lassen Peak demonstrate 
that future eruptions of that dome are possible. The 
summit morphology before the 1914-15 eruptions, 
summit fractures created during the 1914-15 eruptions, 
and the orientation of lava flows extruded in 1915 in­ 
dicate that the valleys of Hat, Lost, and Manzanita 
Creeks are particularly susceptible to the effects of vol­ 
canic activity on Lassen Peak. A different sequence of 
eruptive activity in May 1915 could have generated a 
larger mudflow than the one that travelled about 20 km 
down the valley of Lost Creek. Much of the damage 
attributed to May 1915 mudflows in the valleys of Hat 
and Lost Creek was probably caused by hyperconcen- 
trated streamflows.

Mudflow deposits in the Mill Creek valley indicate 
that glaciated stream valleys draining hydrothermally 
altered rocks are susceptible to large mudflows that are 
not directly related to volcanic activity. A likely corre­ 
lation of two dated deposits along Mill Creek with a 
large streamside landslide upstream indicate that the 
landslide incorporated water and flowed about 4 km 
down the valley of Mill Creek as a mudflow.
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