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INTRODUCTION 

Volcanism along the western boundary of North America 

was nearly continuous during Cenozoic time, due to the presence 

of a continental margin-type trench and subduction zone along 

the Pacific edge of the continent {Christiansen and Lipman, 1972). 

Silver (1969) showed that the Gorda Plate has been underthrust 

benea~~ the continental margin off northeastern California 

for the last 6 m.y. resulting in subduction of young crustal 

material at a rate of 2-3 cm./yr. (Fig. 1). Evidence for subduction 

along this part of the Pacific margin 

of North America includes reflection 

!!()• records of deformed sediments 
Ill 
o _ I 
~ and somewhat equivocal seismic 1f1'A 
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presence of a Benioff zone. 

gravity observations. The young 

lithosphere of the Gorda Plate is 

relatively warm compared to the 

material being subducted under 

western Pacific island arcs. The 

less brittle Gorda plate apparently 

does not fracture so there is no 

clear seismic evidence for the 

~olcanism in northwestern United 

States provides some of the best evidence for the presence of 

converging plates and the nature of their interaction. Deter­

mination of the Sequence and time of eruptions and of the relative 

volumes of material produced for a single volcanic area such as 

the Lassen region could yield valuable information bearing on the 

problem of relative motions of the Gorda and North American plates. 



The locus of Cascade Range volcanism has shifted to the 

east with time, so that the Western Cascades of Eocene - Pliocene 

~ age and basaltic to andesitic composition are somewhat distinct 

from the late Pliocene to Recent andesitic stratovolcanoes 
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of the High Cascades (Fig. 2?. Lassen Peak, the southernmost 

volcano of the High Cascades, lies near the junction of three 

physiographic provinces: Klamath Mountains, Sierra .Nevada, 

and the Cascades. The dome of Lassen Peak was formed relatively 

recently (11,000 B.P., Crandell, 1972) in an area dominated by 

volcanism . since before Pliocene time. Rocks exposed in the 

southern part of Lassen Volcanic National Park (hereafter referred 

to as LVNP in this paper) are more diversified than lavas in 

other parts of the Cascade Range; they are predominantly two­

pyroxene andesites but include basalts, dacites, and rhyodacites. 

I propose to study the chemical and mineralogic evolution 

of the volcanic rocks in a 150 km. 2 area south and east of 

Lassen Peak (Fig. 3). Two summers of field work (supported 

by the U.S. Geological Survey) will enable me to prepare a 

geologic field map of the area at a scale of 1:62,500. The 

map will be used as a framework for my petrologic studies and 

for detailed geochemical studies of thennal areas in LVNP by 

Geological Survey personnel. 

I am primarily interested in the problem of andesite 

petrogenesis. A combination of radiometric dating on at 

least a dozen rocks and detailed petrographic, chemical and 

mineralogic studies of the volcanic rocks in the Lassen area 

will help me determine the conditions of crystallization and 

the relative importance of different processes of formation 

of andesite magmas in continental margin areas. 
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GEOLOGIC FRAMEWORK 

A broad reconnaissance of the study area was completed 

f::; during one summer of field work, and samples were collected 

for petrographic study and chemical analysis. LVNP has been 

studied by Williams (1929, 1931, 1932), and his names for 

different rock types are being used. The oldest rocks in the 

study area are probably Willow Lake basalts, exposed near 

Terminal Geyser (Fig. 4), 13 km. southeast of Lassen Peak. 

Perhaps the next oldest rocks are the Juniper and Flatiron 

andesites, indistinguishable in the field or by petrographic 

methods. These rocks cover at least 132 km. 2 and are 
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well exposed along Flatiron Ridge, at Kelly Mt., and in a 

moderately well-preserved flow 2.5 km. west of Devil's Kitchen. 

Rhyodacites occur in fault contact with Willow Lake Basalts 

at Terminal Geyser. The pyroxene basalts of Red Mt . form a 

shield volcano in the central part of the study area and appear 

to be younger than Juniper-Flatiron andesites. The western 

part of the Park is dominated by pyroxene andesites of Brokeoff 

Mtn., Mt. Diller and Mt. Conard, remnants of Mt. Tehama 

(Brokeoff Volcano of Williams). These andesite flows and 

volcanic breccias are called Brokeoff andesites by Williams. 

According to Fountain, who has recently completed a detailed 

geochemical study of the Brokeoff andesites (unpub. Ph.D. 

thesis, U.C.S.B., 1975), the flows of Brokeoff Mtn. are pre­

dominantly pyroxene andesites with some olivine andesites in 

the central part of the pile topped by more pyroxene andesites 

and a few rhyodacitic flows. Pyroclastic activity increased 

during later stages of eruption. The final eruptions were on 

the northern flanks of the volcano and produced dacitic flows 

. -­. . - t , , . ... 
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and domes including Lassen Peak. 

The rocks in my study area, then, include some early 

basalts and rhyolitic rocks, voluminous andesite flows and 

flow-breccias, dacite flows and perhaps six discrete dacite 

domes. A large part of the area has been affected by hydro­

thermal alteration. Two major fault trends appear to cut 

the area, one striking NNW from Morgan Springs to Pilot 

Pinnacle and the other WNW from Terminal Geyser to Bumpass Hell. 

The path of each fault is characterized today by active 

fumaroles, solfataras, hot springs, and severe alteration and 

erosion. Williams believed that the present hydrothermal 

activity in the Sulfur Works area marks the location of the 

main vent of Mt.Tehama and that extrusion of the dacite domes 

resulted in a collapse and formation of a caldera whose wall 

is partially preserved today as an abrupt ridge curving from 

Brokeoff Mtn. to Eagle Peak. There is no firm evidence for 

or against the formation of a collapse caldera in the Lassen 

region. Kane (1974) has suggested that much of the central 

part of Mt. Tehama could have been removed by glaciation and 

stream erosion, enhanced by the fumarolic alteration and re-

sultant improved erodibility of the rocks in the headwaters 

of Mill Creek. One of my objectives in doing a field study 

is to determine whether or not a caldera actually formed there 

by looking for ring faults along the presumed caldera edges, 

and by establishing a stratigraphic succession of flows to 

check for continuity between the central and outer portions 

of the volcano. 

r•·~ .... ,,... ~ • ... • , . ,,, .. 
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PLAN OF STUDY 

I intend to study this volcanic area in several ways. 

C Field mapping will be completed dlring the summer of 1976. 
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I will refine Williams' map and extend it beyond the southern 

boundary of the Park. Detailed petrographic studies will be 

done in the spring of 1976 in order to define the nature of 

the different rock types involved and to select rocks suitable 

for dating and further analysis. 

I consider radiometric datinf6f the Lassen volcanics to be 

an essential part of this study. I need to know the relative 

order of eruption of rock types whose contacts are obscured 

by glacial and hydrothermal activity. Mineral separates and 

whole rock samples will be dated by K-Ar methods at the U.S.G.S. 

in Menlo Park. Fission track dates will be done by me at 

U.C.S.C. on apatites and zircons for rocks which contain these 

phas~s. 

Williams used stratigraphic relationships and relative 

rock freshness to establish a possible eruptive sequence of major 

rock types in the Lassen area. He felt strongly enough about 

the field relationships to reject previous workers' generalized 

pictures of eruptions proceeding through time producing more 

differentiated magmas from an initial lava of intermediate 

composition. According to Williams, the lavas in the area I 

am studying may have erupted in the following order, oldest to 

youngest: 

Willow Lake pyroxene basalts 
Juniper pyroxene andesites 
Eastern pyroxene basalts 
hypersthene andesites of Brokeoff volcano 
pyroxene basalts of Red Mt. 

rhyolites and ryodacites of the Tarminal Geyser and Grassy Swale 

.. .. .. . ' ..4... • 
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hornblende-mica and pyroxene dacite domes and flows of 
Lassen Peak and vicinity 

(from Williams, 1932, p. 376) 

The earliest lavas are presumed to be upper Pliocene or 

older because of a resemblance of the eastern basalts to 

fragments in the Tuscan fonnation, exposed over a large 

area to the west. The Tuscan Formation has been dated at 
+ 3.4 - 0.4 m.y. (Evernden et. al., 1964) on the basis of an 

interbedded ash layer, the Nomlaki Tuff. The age is not 

~ertain, however, because the ash bed that was dated does 

not lie within the Tuscan Formation, but was taken from 

a separate outcrop to the west. 

Determination of absolute ages of the rocks in the Lassen 

area will permit me to estimate rates of magma production for 

correlation with proposed rates of subduction of the Gorda 

() Plate under the continental margin to the west. 

u 

Twenty samples were analyzed for major element abundances 

by X-ray fluorescence at U.C.S.C. in Dec. 1975 and Jan. 1976. 

I will probably have at least 40 more samples to be analyzed 

after thi~ summer's field work. Major element data shows that 

the rocks of the LVNP region follow typical calc-alkaline 

trends. They have high alumina contents and do not show iron 

enrichment. Twenty rocks were chosen as a representative suite 

after the first season of field work. The results of the major 

element determinations are presented in Figure 5, a composite 

silica variation diagram, and in Figure 6, an FMA diagram. 

Typical features of the calc-alkalic rock association are 

illustrated in these diagrams. 

A detailed geochemical study focusing on the rocks of 

•.J •• • 
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Figure 7. Histogram of silica contents for selected rock units in the fassen area 
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Brokeoff Volcano has been completed by Fountain (1975, unpub. Ph. D. 

dissert., U.C.S . B., 167 p.). A histogram of silica contents for 

80 samples of Brokeoff andesite and for other rocks in the Lassen 

area from his work and others' (Fig. 7) shows wide variation and 

no general trends. Huckleberry Lake andesites were identified 

petrographically by Williams and appear to be the most mafic of 

the Brokeoff lavas. A traverse south of Brokeoff sutmnit revealed 

thin dacite flows 700 feet below the top of the mountain and a 

350-foot thick series of olivine andesite flows cropping out between 

Huckleberry Lake and LVNP Boundary. Except for the 14 samples of 

olivine andesite, the other 66 analyses of Brokeoff lavas grade smooth! 

from andesites to dacites. The olivine andesite flows and possibly 

some dacitic flows may be recognizable marker beds within the thick 

pile of pyroxene andesite forming the bulk of Brokeoff lavas, allowing 

me to establish a stratigraphic succession in the field. 

Electron microprobe studies of phenocryst phases and glassy 

groundmass will be started in the late spring of 1976 at the U.S.G.S. ~ 

laboratory in Menlo Park and will continue throughout the following 

year. Figure 8 shows phenocryst and groundmass minerals observed in 

a reconnaissance petrographic study of the Lassen rocks. I hope to 

determine changes in the conditions of crystallization through time 

by examining specific mineral compositions in a series of rocks 

that are clearly related in space and time. As is common in ande­

sites, the plagioclase phenocrysts are in clots and show complex 

oscillatory zoning. There are both clinopyroxenes and orthopyroxenes 

present in most rocks, and they are ritmned, resorbed, cracked, and 

clumped together. It is unlikely that equilibrium was attained, but 

detailed analysis of the chemical and mineralogic changes with time 

will help place some constraints on the conditions of crystallization 

and extrusion of this succession of volcanic rocks. 
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