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Abstract approved:

Approximately 25 square miles of the southeast part of Shasta

Valley are included in the thesis area, which lies about 12 miles

northeast of Weed, California. The rocks exposed in the area range

in age from Paleozoic to Recent.

Paleozoic metasedimentary rocks and Early Cretaceous intrusive

rocks are exposed at Yellow Butte. This butte is an isolated out-

crop of Kiamath Mountains basement rock more than 20 miles east of

the Klamath Mountains geologic province. The metasedimentary sequence

was examined to determine the original sediments and depositional

environment, the deformation, and the possible correlation with other

Klarnath Mountains rocks. The granite dikes and quartz monzodiorite

pluton were studied with respect to their composition, origin, and

emplacement.

The clastic rocks in the thesis area are believed to be

correlative with the Hornbrook Formation, which lies more than 15

miles northeast of the thesis area. The petrography, sedimentary

structures, and probable mode of deposition seem to indicate that the

sandstones were deposited in a fluvial or deltaic environment.
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Tertiary and Quaternary volcanics make up most of the thesis

area rocks. These were examined to determine the composition, method

of emplacement, arid stratigraphic sequence. Unusual features include

1800 feet of exposed Tertiary laharic breccias at Sheep Rock, a

Quaternary cinder cone with two basalt flows emanating from the summit

crater, and an endogenous dome called Haystack dome. The Pluto Cave

pahoehoe flow covers about half of the thesis area.

The Yellow Butte metasedimentary sequence has undergone a major

orogenic episode that moved it to its present vertical position.

The Cretaceous sedimentary and Tertiary volcanic units were tecton-

ically tilted to the northeast. The eight mile long, N. 20° W.-trend-

ing horst that traverses the thesis area is bordered by two sets of

vertical faults. The Paleozoic and Creta.ceous rocks were uplifted

along this horst. There has been Recent movement of the faults in

the central part of the horst.

The economic potential of the thesis area rocks is limited to

quarrying cinders from the cinder cone. Although previously mined

for copper and molybdenum, a sulfide-bearing mineralized zone in the

quartz monzodiorite pluton is no longer economically exploitable.

The petroleum potential of the Cretaceous clastic rocks is very low

because of the lack of a significant source rock.
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THE BEDROCK GEOLOGY OF THE SOUTFAST PART OF THE

SHASTA VALLEY, SISKIYOU COUNTY, CALIFORNIA

INTRODUCTION

Location and Accessibility

The area of this study lies in the southeast part of Shasta

Valley, which is in central Siskiyou county, California (Figure 1).

The area is approximately twelve miles NNW of the summit of Mt.

Shasta and twenty-six miles south of the Oregon border. Approximately

twenty-five square miles of terrain were mapped, including most of

the eastern half of T. 43 N., R. 4 W. and parts of the townships lying

to the north and east (Figure 2).

The study area is about twenty-two miles southeast of Yreka and

twelve miles northeast of Weed, California. Interstate Highway 5

lies about twelve miles to the west, while U.S. ighway 97 traverses

the southernmost sections of the thesis area (Figure. 2). Close to

seven square miles of the area lie within the Kiamath National

Forest boundaries or under BLM management, whereas the rest cf the

area is privately owned.

A well maintained county road, Route Al2, traverses the study

area from the northwest to the southeast corner and provides access

to a variety of public and private roads. These unimproved roads

facilitated approach to within one mile of almost all parts of the

study area.
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The elevations in the study area range from 3300 feet to 5705

feet above sea level. Approximately half of the thesis area consists

of a gently sloping (10_50) basalt lava flow from the lower flanks

of Mt. Shasta (Figure 2). This, the Pluto Cave basalt flow, has

numerous pressure ridges, tumuli, and large lava tube caves. Pro-

truding through this flow are a few mounds and ridges of older

Quaternary basalts.

North of the Pluto Cave basalt flow is an area of moderately

sloping ridges, mounds, and slopes consisting of Cretaceous sand-

stones and Tertiary volcanic lava flow and mudf low rocks (Plate 1).

Southeast of this area, and still north of the basalt flow, lies

Sheep Rock, a 1600 foot high mountain with numerous vertical cliffs

which consists entirely of stacked volcanic mudflow deposits.

South of the Pluto Cave basalt flow, there are a series of

slopes, ridges, and large 'thills" that are actually three distinct

geologic and topographic features (Plate 1). The easternmost is the

mile long Yellow Butte, which is composed of vertically dipping

Paleozoic quartzites and schists that are intruded by aplite dikes

and quartz monzodiorite plutons. The other two features are a 500

foot high cinder cone, with at least two associated basalt flows

on its flanks, and a 600 foot high andesite dome.

East of Yellow Butte, there are almost two square miles of

ridges and mounds of greatly eroded Quaternary basalt lava flows.

In the area between and to the south of the cinder cone and the

Haystack, there is a highly oxidized lava flow. West of this area,



an alluvial fan is being formed by glacial meitwater streams from

Mt. Shasta and covers nre than a square mile of bedrock, presumably

Pluto Cave basalt.

There are two sub-parallel fault zones that trend N. 20° W.

through the thesis area (Plate 1). These faults create a horst

that exposes uplifted basement metamorphics, seen in Yellow Butte,

and subjacent Cretaceous sandstones, seen in the northern part of

the thesis area.

The drainage is generally toward the west, for the regional

slope is from the Cascade peaks toward the Shasta River, located

along the western side of Shasta Valley. The drainage pattern of

the many intermittent streams consists of southwest-trending gullies

in the Tertiary volcanics and other gullies through the Quaternary

lava flow regions in the southern parts of the study area. There is

radial drainage away from the Haystack dome and the crystalline

Yellow Butte, whereas there are no surface stream channels on the

porous cinder cone. There are no large streams on the Pluto Cave

basalt flow, for the rock is highly jointed and permeable, resulting

in intermittent streams from much of this part of Shasta Valley

flowing mder the basalt flow.

Climate and Vegetation

The climate of the eastern flank of the Shasta Valley is

classified as semi-arid, with an annual precipitation of about

eleven inches, most of which falls during winter and early spring.

The aridity is a result of a rain shadow effect with the relatively



low Shasta Valley lying on the leeward side of the higher (up to

9000 feet above sea level) Kiamath Mountains. This leads to summer-

time temperatures frequently reaching 100°F, as a result of isolation

of the valley from the cooling winds and abundant moisture that blows

of f the Pacific Ocean. The lack of moisture also leads to cold

summer nights and very cold winters, when temperatures frequently

reach 0°F.

The vegetation of the Shasta Valley region is adapted to this

harsh environment. Sagebrush is ubiquitous and juniper trees grow

abundantly here in the only extensive natural occurrence west of

the Cascades. Manzanita bushes thrive where there has been a thick

accumulation of airborne ash, dust, and sand. Ponderosa pines tend

to grow only where there is abundant runoff from surrounding non-

porous ridges, such as around Yellow Butte and between Quaternary

andesitic basalt ridges. Ponderosa pines are good indicators of the

alluvium-covered contacts between the permeable Pluto Cave basalt

flow and the older non-permeable basalt flows.

Although the sparsity oe trees is indicative of steep slopes,

such as Sheep Rock, it is also an index of unique lithologies. For

example, the pink basalt flow that surrounds the Haystack probably has

few trees because of its extremely high porosity, which results in a

very low water storage ability. Yellow Butte is even a better

example, for it shows different amounts of tree growth over the

granite, quartz monzodiorite, and metasedimentary rock. The intrusive

rocks show greater juniper tree concentrations, possibly because of

a greater water-trapping ability or a faster rate of weathering than
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the highly siliceous metasediments. The trees also tend to grow along

prominent joints in the quartzite, an invaluable aid in determining

the orientations of foliation and bedding.

The local occurrence and change in the vegetation is one of the

best indicators of faults, both in the field and during photointer-

pretation of low-altitude aerial photos. These vegetative changes

are caused by abrupt changes in drainage, topography, and surface

and ground water movements.

The sparse vegetation, especially on the southern slopes of

every topographic feature, is the main factor in the good exposure

of most types of rock in the study area.

Investigative Methods

The field investigation commenced July 24 and was concluded

September 28, 1980. During this nine week period, reconnaissance,

mapping, and sample collection were completed.

Geologic data were plotted on 1971 and 1975 U.S. Department of

Agriculture aerial photographs with scales of 1:24,000 and 1:13,000

respectively. The geologic information was subsequently transferred

to parts of the Dwinnel Reservoir andTheWhaleback quadrangle topo-

graphic maps (7.5 minutes) enlarged to a 1:12,000 scale.

The colors of fresh and altered rock samples and outcrops were

designated in accordance with the Rock-Color Chart published by the

Geological Society of america (Goddard, 1963). Attitudes of the

beds, joints, and foliations were measured with a Brunton compass.

Paleocurrent indicators were measured directly and then corrected for

tectonic tilt using the technique described by Briggs and Cline (1967).



Sandstones were classified using the scheme outlined by Gilbert

(1954). A reference sand grain gauge was used to estimate the pre-

dominant grain size, as well as the degree of roundness and sorting

of the grains in the clastic sediments.

The igneous rocks were classified according to the International

Union of Geological Science's mineralogical and textural classifica-

tion scheme (I.U.G.S., 1973).

Approximately three hundred field stations were studied and over

200 rock specimens were collected. About eighty of these samples

were examined in thin section to determine the petrographic character-

istics of the rocks. Selected rock billets were stained for

plagioclase and potassium feldspars according to Chayes (1952).

The alkali feldspars were stained a grape red with amaranth dye

solutions. The plagioclase compositions were determined by the

statistical method of Nichel-Levy and by measuring the extinction

angles of Carlsbad-albite twins cut normal to [0101 (Kerr, 1959).

Point counts were used to calculate the percentages of minerals in

the thin sections, in accordance with the statistical validity

guidelines described by Van derPlas and Toby (1965).

gonal Geoly

Almost all of the research on the geology of the rock types

represented in the thesis area has been accomplished in other areas.

This is the case with the eastern Kla.math Mountain Paleozoic rocks

to the west, the Cretaceous Hornbrook Formation to the northwest,

and, the Western and High Cascades surrounding the thesis area. For



this reason, this section will include a detailed description of the

regional geology of the thesis area, for purposes of overview and

comparison.

The regional geology of northern California, within 100 miles

of the Oregon border, consists of four generally north-trending

geological provinces. They lie between the Pacific Ocean on the

west and the Basin and Range faulted Great Basin on the east.

Coastal Range

The westernmost geological province in this area of California

is the narrow coastal range (Figure 3). These rocks are not present

in the thesis study area, so they will not be mentioned elsewhere

in this report.

Klamath Mountains

To the east of the coastal range lies the Kiamath Mountains

metamorphic province (Figure 3). This complex makes up the Klamath

Mountins of Oregon and California, rising to peaks above 9000 feet

above sea level.

The Klamath Mountains rocks consist of thick imbricated sheets

of oceanic floor, both the basalt and the overlying sediments, that

were stuffed under the western edge of the continental plate. These

deformed rocks are dipping at a high angle to the east.

In the Klamath Mountains rocks, there is imbrication of younger

rocks in the west (the Western Jurassic Belt) under the older rocks

(the Western Late Paleozoic and Jurassic Belt) to the east. This
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latter sheet of rocks in turn underlies at least one older sheet of

rock (the eastern Early Paleozoic Belt) (Potter, Hotz, and Rohr, 1977).

Silicic plutons are present throughout most of the province.

These are the result of magmatism during the Jurassic and Early

Creataceous. These plutons are theorized to be the products of

melting of a subducted oceanic plate or adjacent mantle and sub-

sequent diapiric rise of the magma. There is at least one Jurassic-

Cretaceous silicic pluton in the Klamath Mountains metamorphic rocks

of the thesis area.

These silicic plutons range in size from a few hundred acres to

more than a hundred square miles (Figure 3). They are usually elong-

ate and concordant with the structural grain of the province. The

plutons also tend to be concordant with the structure of the host

rock. The most common rock types amongst the plutons are quartz

diorite ana granodiorite, but there are also intrustions of gabbros,

diorites, and quartz monzonites.

The dated plutons in the }Zlamath Mountains indicate ages of

cooling from 127 m.y. to 429 m.y., with almost all of them falling

in the more narrow range of 127 m.y. to 167 m.y. (Lanphere, Irwin,

and Hotz, 1968). On the basis of these potassium-argon dates deter-

mined on hornbj.ende and biotite crystals, the Kiamath Mountains can

be divided into four regions of similarly aged plutons (Hotz, 1971).

While not paralleling the four major Kiamath Mountain lithologic

belts described belowe, the plutonic belts bear some similarity with

them (Figures 3 and 4).

The Kiamath Mountain geological province has been divided into
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four arcuate belts or subprovinces on the basis of age and lithology

(Irwin, 1960 and 1966). These are named the. eastern Paleozoic belt,

the central metamorphic belt, the western Paleozoic and Triassic belt,

and the western Jurassic belt. The Yellow Butte metasediments pre-

sent in the thesis area are most likely related to the rocks of the

Yreka assemblage of the eastern Paleozoic belt (Figure 5).

The eastern Paleozoic belt (Figure 4) consists of typically

eugeosynclinal clastic sediments and volcanic rocks. The rocks

range in age from Paleozoic to Jurassic. The regional metamorphism

in this belt is low grade and incomplete, except in the vicinity of

plutons. The structure of the eastern belt shows folds predominantly

parallel to the local structural trend of the province.

The northwesternmost rocks of this belt belong to the Yreka

assemblage (Potter, Hotz, and Rohr, 1977), formerly referred to as

the Duzel Formation of Wells, Walker, and Merriam (1959). There are

five units of the Yreka assemblage (Hotz, 1977). The lowest unit is

the Sissel Gulch Graywacke, a feldspathic graywacke lying directly

over the Mallethead Thrust. The phyllitic calcareous siltstones

and sandy siltstones of the Duzel Phyllite unit depositionally

overlie the graywacke. Above the Duzel Phyllite, there are three

units that are variously in depositional or overthrust contact with

each other. The Moffet Creek Formation is an extensive, uniform

rock composed of calcareous sandstone and siltatone blocks in a

matrix of pervasively sheared shale (Hotz, 1977). The Antelope

Mountain Quartzite is largely metamorphosed quartz arenite with

some other interbedded chert. The Schulmeyer Gulch sequence is an

informal term used for a series of heterogeneous rocks that contain
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Duzel-like phyllite, Antelope Mountain-like quartzite, and isolated

areas of limestone. It is this wide assortment of rock types found

in the Schulmeyer Gulch sequence that is lithologically most

similar to the Yellow Butte metamorphic rocks.

With the exception of the Silurian Moffet Creek Formation and

the Schulmeyer Gulch sequence, the ages of these units are unknown.

They are thought to range from Early Ordovician to Devonian in age,

most probably Ordovician or Silurian (Hotz, 1977). The Schulmeyer

Gulch sequence has both Late Ordovician and Early Devonian age dates,

but this will be discussed in the Yellow Butte metasedimentary rocks

section (Cashman, 1980).

Although extensive folding arid faulting make paleoenvironmental

interpretations difficult, the Yreka assemblage shows some evidence

that it was formed as a submarine fan-basin complex (Potter, Hotz,

and Bohr, 1977). The Duzel Phyl].ite and the Sissel Gulch Graywacke

resemble turbidite sequences, and it is thought that the Antelope

Mountain Quartzite accumulated in a submarine channel on the upper

part of the Duzel Phyllite submarine fan (Lindsley-Griffin, 1973).

Thus, the inferred stratigraphic relationships between these

formations of the Yreka assemblage suggest that at least parts of

these units may be of similar age (Potter, Hotz, and Bohr, 1977).

Lying under the Mallethead Thrust and located to the southeast

of the Yreka assemblage are more low-grade metased.imentary rocks

(Figure 5). These are unlikely to be lateral equivalents to the

Yellow Butte metasedimentary rocks because they differ so drastically

in both lithology and degree of metamorphic deformation.
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Southeast of these metasedimentary rocks lies the Trinity

ophiolite and other sedimentary rocks of the eastern Paleozoic belt.

It is believed that the Yreka assemblage and the other meta-

sedimentary rocks to the southeast make up several thrust sheets and

fault slices stacked on top of the Trinity ophiolite during post-

Early Devonian time. Some of these fault displacements are thought

to be minor, while others, such as the Mallethead Thrust, have very

large displacements (Porter, 1973 and Potter, Hotz, and Rohr, 1977).

The central metamorphic belt (Figure 4) consists of marine

sediments and volcanics that have undergone extensive recrystalliza-

tion during low- to moderate- grade metamorphism. Davis, Holdaway,

Lipman, and Romey (1965) theorized that the rocks of this belt are

arranged in a complex south-plunging antiform consisting of the

Salmon Hornblende Schist and the Grouse Ridge Formation. The age

of the deformation and recrystallization is believed to be Early

Devonian, about 395 m.y. (Cashman, 1980).

Some researchers believe that the lowest units of the Yreka

assemblage in the eastern Paleozoic belt are correlative with, and

therefore belong to, the Grouse Ridge Formation of the central

metamorphic belt (Cashman, 1980). If the Yellow Butte metasedimentary

rocks in the thesis area are indeed related to the Schulmeyer Gulch

sequence, then they could be correlative to the central metamorphic

belt.

It is unlikely that the Yellow Butte sequence is correlative

with the two western lithologic belts of the Klamath Mountains

province because of their lithologies, their distance from the thesis
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area, and the orientation of these belts of rock away from Shasta

Valley.

Cretaceous Sandstones

Lying unconformably on the eastern flank of the Klaxnath

Mountains basement complex is a Cretaceous sedimentary outlier belt

(Figure 6). This was named the Hornbrook Formation by Peck (1956)

and informally divided into the Hornbrook Formation (revised) and

the Hilt Formation by Elliott (1971). The Hornbrook Formation is

similar to the sandstones in the thesis area in many ways, so it

will be discussed in some detail here. Unless otherwise stated,

the information and terminology of the Hornbrook and Hilt Formations

has been derived from Elliott (1971).

The Hornbrook Formation lies, with a distinct nonconformity,

over the nearly vertically dipping metasediments, metavolcanics,

and plutonic rocks of the Kiamath basement rocks. The contact is

almost planar in the southernmost exposures of the Hornbrook

sandstone, but exhibit's a paleorelief in tens cf feet toward the

north.

The Hornbrook Formation has been divided by Elliott (1971)

into the upper Henley mudstone member and the lower arenaceous

member, the latter believed to be the lateral sedimentary equivalent

of the thesis area sandstones. The lower arenaceous member consists

largely of fine- to medium-grained marine arkosic wackes with minor

arkosic arenites and intraformational conglomerates present. The beds

of these calcite-cemented clastic rocks average 18 inches thick.
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Figure 6. The location of the Cretaceous Hornbrook nd
Hilt Formations ($haded) near the California-
Oregon border (from Elliott, 1971).
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The fresh sandstone is grayish green, weathering through olive

gray to dusky yellow. The sandstone produces a distinct reddish

brown soil in areas near outcrops. The lack of the distinctive

green color in the thesis area sandstone is one of the significant

differences between the sandstones of the two areas.

The framework consists of poorly sorted, sub-angular grains of

quartz (48%), plagioclase (24%), alkali feldspars (5%), micas (8%)

metamorphic and igneous composite grains (2% each), and heavy

minerals (13%). There also are minor amounts of quartzite, chert,

and vein quartz and accessory plutonic, sandstone, and mudstone

clasts. Conglomerate pebbles are predominantly mafic volcanics,

with quartzite, chert, and vein quartz pebbles also common.

There is subordinate fine-grained chloritic-clay matrix that

makes up about 21% of the sandstones. It is this matrix that imparts

to the sandstones a green hue. It is believed that a larger per-

centage of the matrix has been derived from diagenetic alteration

of the framework grains.

The calcite cement ranges from 0 to 59% of the volume of the

sandstone and averages about 40% in the Hornbrook arenites. Many

framework grains have been partially tothtally replaced by the

calcite cement. The high calcite content is the most significant

petrographic difference between these sandstones and those of the

thesis area.

The lower arenaceous member is about 800 feet thick just south

of the Oregon border. This member is a local ledge- and cliff-

former, developing a series of moderately developed cuestas near the

contact with the Kiamath metamorphics.
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The upper part of the Hornbrook Formation, the Henley mudstone

member, is a dark gray mudstone unit about 200 feet thick near the

Oregon border.

Fossil evidence indicates a late Turonian and early Coniacian

age, that is, a Late Cretaceous age, for the Hornbrook Formation.

tJnconformably overlying the Hornbrook Formation with a low

angle (about three degrees) is Elliott's Hilt Formation, which thins

from 3,100 feet near the Oregon border to 800 feet south of Horn-

brook, California, and to only several hundred feet farther south

in the Black Butte area. It is unlikely that the Hilt Formation

extends much farther south. This suggests that the thesis area

sandstones are mostly likely a lateral equivelent of the Hornbrook

Formation, since the Hornbrook sandstones are the wackes and arenites

near the base of the Cretaceous clastic sequence that extends south

of Yreka, California.

The internal sedimentary structures of the rocks of the Horn-

brook Formation imply a shallow, high energy environment of deposi-

tion. Cross-bedding, scour-and-fill structures, and foreset beds

are common. Generally sharp and planar contacts between beds and

rip-up clasts and blocks of mudstone are indicative of this

environment. The pebbly sandstones and conglomerates, lenses of

cross-bedded conglomerates, imbrication of cobbles and boulders,

and thin and irregular sets of strongly planar and trough cross-

lamination indicate moderate to strong currents during the period of

deposition.

The paleoshoreline was most likely south or west of the near-
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shore depositional environment of the Cretaceous Hornbrook sandstones,

as revealed by a variety of characteristics of the rocks. The degree

of sorting, mean grain size, and amount of internal sedimentary

structures present increase toward the south. This hypothesis is

also lent support by the north to northeast transport directions of

the Cretaceous rocks. These directions are seen in foreset cross-

beds, as well as less common slumping features, flute casts, and

sandstone channel-fills cut in mudstone.

The provenance of the Cretaceous outlier belt is the metamorphic

and plutonic rocks of the underlying and adjacent Kiamath Mountains

province. The source is believed to have been to the west and

possibly to the south. Conglomerate pebbles and cobbles came from

deposition by coastal streams and rivers as well as erosion of

sea cliffs. Clastic detritus from the Klamath province in the west

was spread to the northeast by longitudinal marine shelf currents.

The Cretaceous clastic rocks are characterized by an eastward

dip of 100 to 200 that is also present in the sandstone sequence in

the thesis area.

Western Cascades

To the east of, and superjacent to the Klamath Mountains pro-

vince and the Cretaceous ot1jer belt is the Cascade Mountain

volcanic province (Figure 2) - The Cascade Mountains province is

divided into two subprovinces: the Tertiary Western Cascades and

the Plio-Pleistocene High Cascades. In northern Ca1ifornia the

two belts overlap each other considerably, especially near Mt.
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Shasta (Figure 2). The Cascade region between Mt. Shasta and the

Oregon border will be discussed here, for the thesis area is located

in this sectionof the Cascades.

The Western Cascade series (named by Callaghan, 1933) is super-

jacent to and uncomformable upon the Cretaceious outlier belt and

the Kiamath Mountains basement complex. An angular unconformity

exists, with a discordance between 10 and 100 (Williams, 1949).

The Western Cascades series is a deeply dissected accumulation

of Tertiary lavas and pyroclastics. The exposed thickness of the

Western Cascade series ranges from 12,000 to 15,000 feet on the

Oregon border down to 10,000 feet around Yreka (Williams, 1949).

It is at least 2,000 feet thick in the immediate vicinity of the

thesis area and probably several times that thickness at this

latitude, for the subprovince extends 15 miles to the west of the

thesis area. The High Cascade volcanics cover the eastern

occurrences of the Western Cascade rocks, making total thickness

determinations impossible.

The various rock types indicate that there was a wide diversity

of types of volcanic activity during the Tertiary eruptions. Most

of the rocks are lava flows, although beds of ashfall, tuff breccias,

lapilli tuffs, welded tuffs, and volcanic wackes and conglomerates

also are present (Williams, 1949). The volcanics of this sub-

province are mostly pyroxene andesites, although there is a range

from hasalts to rhyolites.

Within the vicinity of the thesis area, laharic breccias created

by Tertiary volcanic mudflows predominate. Northeast of the study
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area, Herd Peak consists of a few thousand foot thick sequence of

breccias capped by alternating beds of Pliocene laharic breccias

and lava flows (Figure 2). South of Herd Park and lying partially

in the thesis area is Sheep Rock. It consists of at least 2,000

feet of laharic breccias with no visible lava flows present. This

may be an erosion-separated extension of the Herd Peak deposits.

Relatively few volcanic necks are present in the Western

Cascade series, especially in relation to the large volumes of

Tertiary lava and laharic flows in these areas. The few known necks

seem to be concentrated in the eastern areas of the subprovince

(Williams, 1949).

The paleotopography appears to have been one of low relief, as

seen by the lack of any large angular unconformities, even amongst

the multiple Herd Peak-Sheep Rock volcanic mudflow units. This

indicates that there was no widespread deep erosion in the exposed

areas of the Western Cascades in northern California. Therefore,

this area of the Western Cascades was probably not the high relief,

high altitude center of volcanic activity during the Tertiary

volcanic period (Williams, 1949).

Williams (1949) has stated that this lack of exposed volcanic

necks and the lOw paleotopographic relief indicate that the source

for much of the Tertiary volcanics was probably to the east, pre-

sently under the High Cascades series volcanics.

The Western Cascade lavas and pyroclastic beds generally dip

to the east and northeast with angles near 150 on the western
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contact to near 5% where they are overlain by the High Cascade

volcanics to the east (Williams, 1949).

The age of the Western Cascade series is apparently mid-Tertiary.

The lowest and oldest unit in the northern California section of the

subprovince is the Colestin Formation (Wells, 1956). This has been

dated by fossil plants, stratigraphic position, and lithologic

position as Late Eocene (Peck and others, 1964). The youngest beds

in the California Western Cascades series appears to be late Miocene

in age (Williams, 1949). The Western Cascade Tertiary volcanism in

southern Oregon and northern California appears to have started in

the Roseburg (Oregon) area in the middle Eocene and subsequently

spread southward into California (Williams, 1949).

gh Cascades

Overlying the Western Cascade series and located to the east of

it is the High Cascade series (Figure 2). These P1io-P1eistocene

volcanics consist largely of basaltic shield volcanoes along with

a few interspersed large andesitic stratovolcanoes.

In northern California and southern Oregon, these volcanoes

form a chain trending N. 10 E., bounded by the Western Cascade

series on the west and the block-faulted Modoc Plateau on the east.

The volcanoes tend to be oval, with the long axes aligned either

north or about N. 40 W. Howell Williams (1949) suggested that these
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shield volcanoes grew over "a major set of north-south fissures and a

minor set inclined at angles of 30-35 west ..... which are also the

directions of the younger fault scarps that border Butte Valley" and

other block-faulted valleys to the east. The faults in the thesis

area also trend in these general directions.

There are a few andesitic stratovolcanoes in this part of the

High Cascades, most notably Mt. Shasta. These volcanic piles con-

sist largely of pyroxene andesite flows and laharic xnudflow deposits,

with minor rhyolitic domes and basaltic flows (Williams, 1932).

The largest southern Cascades volcano, Mt. Shasta, lies just

south of the thesis area. Geologically and topographically speaking,

the thesis area is actually on the lower northern flank of the

volcano (Figure 7). Mt. Shasta was formed during the Pleistocene,

probably reaching its present height before the last (Wisconsin)

major glaciation ended, as evidenced by the large criques on the

flanks. The 14,162 foot peak towers two miles above the surrounding

landscape, and the base of the mountain is almost eighteen miles in

diameter (Williams, 1932). The main cone has a large parasitic cone,

Shastina, on its western flank. The slopes of Mt. Shasta range

from about 350 on the sides of the two peaks down to less than 5° at

the base.

The central vent of the main cone appears to be located at the

intersection of a large north-south fissure and a smaller east-west

fissure. The north-south fissure is probably the source of the two

cinder cones, five craterless plug domes, and one lava dome that are

located over it (Figure 7). There also are Recent cinder cones and
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Figure 7. The subsidiary cinder cones (black) and domes
(black outline) along the main fissures in the
Mt. Shasta vicinity (adapted from Geologic Map
of California, Weed Sheet, 1973).
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lava domes on the lower northern flanks of Mt. Shasta. Two of these

are in the thesis area and two others lie to the south of it (Figure 7).

There are various andesite and basalt lava flows that have

issued from fissures on the flanks of Mt. Shasta. At least three

of these flows extend into the thesis area. The largest flow from

Mr. Shasta, called the Pluto Cave basalt flow, flowed from a fissure

on the northeast base of the mountain into the thesis area and

continued on beyond it. This Recent basalt flow covers about 55

square miles of the southeast partof Shasta Valley and is the

principal rock type of the Shasta Valley and the major aquifer

(Mack, 1960).

Wide fans of glaciofluvial outwash are being deposited on the

lower slopes of Mt. Shasta beyond the moraines. These deposits are

still enlarging, especially during the spring and summer months when

rapid melting creates sediment-laden streams and occasional mudflows.

A large mudf low entered the thesis area from Whitney Creek as

recently as the summer of 1977 (Miller, 1980).

Modoc Plateau

East of the northern California and southern Oregon High

Cascade Mountains lies the block-faulted Modoc Plateau and the Great

Basin beyond it. The Modoc Plateau consists of Quaternary mafic

volcanics that are sometimes considered a subprovince of the

Cascade Mountains province, for the rocks of the Modoc Plateau are

very similar to and intermingle with the High Cascade series near their

common border" (Hinds, 1952).
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The block-faulting characteristic of the Modoc Plateau extends

from the Basin and Range faulted Great Basin all the way to and into

the Cascade Range. The volcanic terrane is faulted into a series of

horsts and grabens, with some large valleys such as Butte Valley

formed by the grabens.

The normal faults trend both north and northwest. Howell

Williams (1949) theorized that the two sets of faults formed

simultaneously from the late Pleistocene to the present. The

horsts are not unlike the horst that is in the thesis area,

except that the latter is west of the High Cascades and possesses

Paleozoic crystalline basement rocks and Cretaceous clastic rocks.

Thus, it is possible that the thesis area faults are related to

the Basin and Range faulting on the other side of the High Cascade

volcanoes.

In conclusion, the thesis study area lies on the border of

the Western Cascade and the High Cascade subprovinces. The north-

eastern part of the study area lies in a thick sequence of Tertiary

volcanics. The central part of the area consists almost totally of

the Pluto Cave basalt flow from Mt. Shasta. The southern part con-

sists largely of other High Cascade flows and volcanoes.

Previous Work

Howell Williams (1949) mapped the geology of the thesis area

and the volcanics to the north and east in "The Geology of the

MacDoel Quadrangle" on a scale of 1:125,000. Seymour Mack (1960)

included Williams' work in this area and studied the hydrogeology
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of this area in "The Geology and Groundwater of Shasta Valley,

Siskiyou County, California". Lanphere, Irwin, and Hotz (1968)

calculated a potassium-argon date of 134 - 135 m.y. for the Yellow

Butte pluton and Chesterman (1982) determined a potassium-argon date

of 170,000 ± 140,000 years for a Quaternary basalt flow. All other

important work on the geological provinces and subprovinces represented

in this thesis has been done elsewhere in northern California or

southern Oregon.

All of the work in the Kiaxuath Mountain geological province has

been accomplished during this century and most of it in the past few

decades. J.S. Duller (1886) discovered fossiliferous limestones just

southwest of Gazelle in 1884. He and C. Schuchert concluded that

these fossils were Devonian (Diller and Schuchert, 1894). Merriam

(1972) has since found this fossiliferous limestone to be of

Silurian age.

Oscar Hershey (1901) assigned the siliceous phyllites adjacent

to the serpentinite belt near Yreka to the Abraxns Mica Schist, an

extensive formation to the south that he had mapped earlier. He

assigned the rocks between the Scott arid Shasta Valleys, the present

day Yreka assemablage and Gazelle Formation, to a unit he termed the

Lower Slate Series.

In the late 1950's, Wells, Walker, and Merriam (1959) divided

the rocks between Scott and Shasta Valleys into two formations.

These were the Late Ordovician (2) Duzel Formation and the Late

Silurian Gazelle Formation, separated by a large thrust fault.

During the same period, Churkin worked on a more detailed strati-
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graphic and paleontological study of the Gazelle Formation west of

the town of Gazelle (Churkin and Langeheixn, 1960).

Irwin (1960) separated the Klainath Mountains geological province

into four arcuate belts: the eastern Kiamath belt, the central

metamorphic belt, the western Paleozoic and Triassic belt, and the

western Jurassic belt.

David and Lipman (1962) divided the Abrams Formation into the

Stuart Fork Formation and the Grouse Ridge Formation, with radio-

isotope dates indicating a Devonian age. Davis, Holdaway, Lipman

and Romey (1965) further divided these rocks into the Stuart Fork

Formation, the Salmon Hornblende Schist, and the Grouse Ridge

Formation.

Lanphere, Irwin, and Hotz (1968) and Hotz (1971) dated most

of the plutonic intrusions of the Kiamath Mountains by potassium-

argon radioisotopes and found most of the plutons to be Late

Jurassic-Early Cretaceous in age, with some dating back to Late

Ordovician. Hotz (1971) divided the Klamath Mountains into four

belts on the basis of prevailing pluton ages.

Condie and Snansieng (1971) did further studies on the pro-

enance and depositional environments of the "Duzel" and the Gazelle

Formations. Merriam (1972) discussed the stratigraphy and faunas of

the Gazelle Formation in detail. Others who worked in or near these

formations at this time were Potter and Boucot (1971) and Lindsley

and Griffin (1973).

Preston Hotz (1974) divided the "Duzel Formation" into five

new formations and called the whole series the Yreka assemblage,
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the classification used in this paper. Hotz (1977) published a

detailed description of the rocks south of Yreka in "The Geology of

the Yreka Quadrangel, California".

Potter, Hotz, and Rohr (1977) attempted to reconstruct the

depositional and structural history of the eastern Kiamath Mountains.

They suggested, as did Porter (1974), that the eastern Paleozoic

belt consists of several thrust sheets stacked on top of the Trinity

ophiolite.

The studies of the Late Cretaceous strata near the Oregon-

California border have been going on for over a century, but with

major revisions over the years. Gabb (1869) originally named the

Cretaceous rocks between Sacramento, California and Vancouver,

British Columbia the Chico Group. Diller (1893) recognized sedi-

mentary rocks of this age near Yreka. Turner (1903) deduced that

the conglomerate at the base of these rocks had a basal marine

relationship with the overlying sandstones.

Anderson (1902) made the first record of West Coast Cretaceous

fossils and formations. He later described the Late Cretaceous

strata near Hornbrook and discovered two zones of fossils that he

believed correlated the age of these rocks with standard European

ages (Anderson, 1931). Wells (1939) mapped and described the lower

part of the Late Cretaceous rocks in the Medford (Oregon) Quadrangle.

Williams (1949) described the "Chico" beds in the MacDoel Quadrangle

(California).

In 1956, a major revision occurred when Peck, Imlay, and Popenoe

(1956) proposed the Hornbrook Formation. Jones (1959) mapped the
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formation to its northern and southern limits. Elliott (1971) dis-

covered that the Horribrook Formation was deposited in two distinct

episodes of Late Cretaceous marine transgressions, and he named his

two subdivisions the Hornbrook (revised) and Hilt Formations.

Previous work in the Western and High Cascade volcanics in

northern California has been much less extensive than in the

provinces to the west. Williams (1932) described the geology of

Mt. Shasta. Callaghan (1933) reviewed the principal structures and

features of the Oregon Cascades, which are very similar to, and

often indistinguishable from, the California Cascades. The Tertiary

Urnpqua Formation of Oregon and California was described by Wells

and Waters (1935). Chesterman (1956) reviewed the geology and

economic importance of California cinder cones and pumice deposits,

including the cinder cone in the thesis area. Miller (1980) dis-

cussed the geologic history and hazards of Mt. Shasta.

Howell Williams (1949) did the most comprehensive study of

this area of the Cascades. He discussed all of the rock types in

the thesis area and discovered the horst structure running through

the area. Mack (1960) explained the significance of the geological

features in this area with respect to water supplies.
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THESIS AREA GEOLOGY

Paleozoic Metasedimentary Rocks

Description

In the center of the southern part of the thesis area, there is

a half square mile of resistant metamorphic and intrusive igneous

rocks which form a hill called Yellow Butte (Figure 8 and 9). The

rocks include a 2700 foot thick sequence of Klamath Mountains base-

ment rock which was uplifted along the horst that traverses the

thesis area (Plate 1).

Yellow Butte consists of three distinct north-trending vertical

"belts' that each occupy about a third of the mountain (Plate 1).

The western third of Yellow Butte, and a quarter mile long ridge

about 800 feet west of Yellow Butte, almost totally consist of a

north-trending vertical sequence of quartzites. The middle section

of the mountain consists of alternating vertical units of quartzite,

schist, and phyllite. The units are 20 feet to 200 feet thick and

are intruded by several slightly discordant vertical granitic dikes.

Quartz monzodiorite plutonic rock makes up most of the eastern third

of the butte.

A varied sequence of quartzites make up almost all of the

western half of the metasedimentary sequence. The quartzites have

a wide variety of colors including dark gray to very light gray,

grayish pink to grayish red, and greenish gray to dark yellow brown.
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Figure 8. View of the north end of Yellow Butte from the
south end, showing outcrops of quartzite in fore-
ground. Slope of Tertiary volcanics in distance.
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Figure 9. View of the south end of Yellow Butte and the
nearby ridge of quartzite (foreground). View
facing east from Haystack Butte.
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The quartzite weathers to yellowish gray and grayish orange.

There is a wide variety of relict bedding visible, ranging from

massive to finely banded. There are also highly variegated quartzites

with fine laminae and lenses of one type of quartzite in another. The

nearly ubiquitous banding represents predeformation layering of the

metasandstones.

When examined closely, the quartzites commonly show relict

sedimentary textures. There are metamorphosed beds of stretched

pebble conglomerates, pebbly arenites, and coarse arenitic sand-

stones. Local lenses and laminae of phyllite disclose where mud-

stone or siltstone layers were interbedded with arenite layers.

Most of the quartzite outcrops do not show structural features

and none show large scale remnant sedimentary structures such as

cross-bedding.

Most quartzites are prominently jointed parallel to the north-

trending vertical units, with either closely spaced joints one to

three inches apart or joints up to three feet apart. Other quartzite

beds are massive, with no joints and are up to 100 feet thick.

Layers of schist between 40 and 110 feet thick compose most

of the central part of the Yellow Butte metamorphic sequence. The

schists exhibit prominent jointing with a general north-south trend.

This jointing is closely spaced, being from 1/16 to 1/4 of an inch

apart. These fine- to medium-grained mica schists display only

moderate schistosity because of the high quartz content. The

medium dark gray schists weather to moderate brown.

Adjacent to the granite dikes, the schists do not appear to have
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any different colors or textures than elsewhere, although these

schists are the site of numerous quartz veins.

The phyllite beds are much less common than the schist or quartz-

ite layers. One major unit is 60 feet thick, but the other units are

less than 10 feet thick. These fine-grained rocks exhibit folia-

tion, breaking along crude joints between 1/16 and 1/4 inch apart.

These dark gray phyllites also weather to moderate yellowish brown

as a result of the high iron oxide content.

The phyllites adjacent to granitic dikes exhibit a spotted or

hornfelsic texture produced by porphyroblasts of biotite up to 6

nun in diameter. These were formed by recrystallization of the

biotite during contact metamorphism of the phyllites. There also

are numerous thin veins of white quartz filling numerous fractures

in the phyllite in the vicinity of the dikes.

On the western border of the southerrnnost part of the quartz

monzodiorite pluton is an injection gneiss zone about 300 feet iide

where the biotite schist country rock has been extensively intruded

by small granitic dikes and stringers. This injected material first

appears about 300 feet west of the quartz monzodiorite and forms a

progressively greater percentage of the rock closer to the pluton.

The lenses and stringers of the granite also get larger closer to

the pluton.

Geomorpholog

The quartzite units are the most resistant to erosion. They

form ribs where the vertical units intersect the surface, providing



36

invaluable clues to the large scale structure of the Yellow Butte

metamorphic rocks (Figure 8). The quartzite ribs are up to 50 feet

high and 100 feet wide and cap the tops of several of the peaks of

Yellow Butte.

The schist and phyllite outcrops are preferentially eroded,

for they are the weakest, most easily weathered rocks in Yellow

Butte. There are very few outcrops of these beds; usually only on

steep slopes, tops of hills, or adjacent to more resistant rocks

such as the dikes.

The injection gneiss is more resistant than the biotite

schists as a result of the erosional resistance of the small

granitic veins and dikes.

Nearly the entire mountain and the nearby ridge are covered

by a blanket of colluvial pebbles and cobbles in an ashy soil. The

blanket of debris is thickest over formational contacts, where the

differential erosion of the bedrock has been most effective. Thus,

the contact zones are almost invariably covered.

Structure

The Yellow Butte sequence is essentially vertical and trends

approximately north (Plate 2). These metamorphic rocks are most

likely part of a limb of a huge fold with a north-trending fold

axis. The metamorphic and intrusive rocks of Yellow Butte have

been uplifted by the horst that runs through the thesis area.

These structural events will be discussed in the Structural Geology

section.
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Petrography

The quartzites of Yellow Butte are metamorphosed arenites, wackes,

and conglomerates.

The arenitic quartzites contain over 90%, and usually over 95%,

quartz grains that are between 0.05 and 0.5 nun in size (Figure 10).

The quartz grains range from angular unstretched grains to elongated

clasts up to eight times longer than wide, with a preferred

orientation that defines the foliation of the quartzites. These

angular to subrounded clasts are in a sparse microcrystalline ground-

mass. The quartz grains are more spindle shaped in the coarser

grained meta-arenites. They also show strongly developed undulatory

extinction.

There also are small amounts (I or 2 percent) of muscovite and

biotite that are aligned parallel to the foliation. Feldspar,

apatite, sphene, and dust-sized magnetite are present in minor

amounts.

The matrix is a very fine-grained mixture of quartz, sericite,

and probable biotite. The sericite and biotite flakes are concen-

trated in fine parallel films, producing faint foliation. Original

bedding in these quartzites is preserved as parallel layers of quartz

grains, differing in grain size, and by micaceous and iron oxide-rich

laniinae.

The rarer metawackes are similar to the meta-arenites, and

conunonly are interbedded with them. The only difference is the mat-

rix content of over 10% and a schistosity defined by mica crystals



Figure 10. Photomicrograph of pebbly meta-arenite, showing
stretcned pebble. Crossed flCOi5.
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that is better developed than in the meta-arenites.

The metaconglomerates are very similar to the meta-arenites

in both mineralogy and content of the minerals. However, 10% to

90% of the beds consist of spindle-shaped clasts of quartz and chert

up to 9 imn long which are parallel to the bedding. They are

clearly outlined by tiny sericite flakes that are adjacent and

parallel to the clast boundaries.

The biotite schists are usually fine-grained with adjacent

foliations marked by different grain sizes. The quartz content is

between 70% and 85%, whereas the feldspar content is less than 5%.

The biotite content is between 15% and 20%, with crystals usually

less than 0.5 mm long. Muscovite has a varying content of between

1% and 9%, and, along with biotite, defines the schistosity of the

rocks. There are trace amounts of magnetite, hematite, sphene..

apatite, and hornblende. There is a glomerophyric tendency of the

mica in the biotite schists adjacent to granite dikes.

The phyllites are similar to the schists petrographically, but

are very fine-grained, show less elongation of the quartz grains, and

have less well developed foliation. In the phyllites adjacent to

the granitic dikes, there are porphyroblasts of biotite up to 6 mm

in diameter. These crystals contain many foreign inclusions that were

not eliminated as the porphyroblasts formed during contact metamorphism.

All of the Yellow Butte metamorphic units are of high greenschist

facies, as characterized by their high biotite content and lack of any

minerals of a higher metamorphic rank.



The injection gneiss appears to have light and dark foliation,

but the dark bands actually are biotite schist that has been

intruded by light-colored lenses and stringers of granite (Figure 11).

The country rock schist consists of biotite, quartz, orthoclase, minor

plagioclase, and trace amounts of hornblende, zircon, and apatite.

This rock has retained much of the parallel foliation that ex±sted

before the granite was intruded.

Alteration of the country rock schist can be seen by the high

(up to 20%) content of a chlorite, sphene, and inagnetite association.

These are products of the weathering of biotite, which presently

makes up less than 2% of the schist and can be seen interbedded with

the chlorite. Excess titanium formed the sphene and excess iron

formed the inagnetite, leaving penninite.

The grariitic veins that intrude the schist consist of quartz,

plagioclase, and predominant orthoclase. The high content of quartz

and orthoclase indicate that this is probably late magmatic in-

trusion from the adjacent quartz monzodiorite plutori. Except for the

low content of plagioclase and lack of hornblende (minerals that are

typically absent from late stage magmatic intrusions), the granitic

veins are essentially the same composition as the nearby pluton.

They also have the same 3% content of the chlorite, sphene, and

magnetite found in the quartz mcnzodiorite pluton.

Petrologica]. Conclusions

The original Paleozoic sediments that eventually became the

Yellow Butte metamorphic rocks were commonly quartz arenites and



Figure 11. Photornicrograph of injection gneiss, showing
small granite vein in mica chit country
rock. Crossed nicols.
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muddy siltstones, along with local beds of pebbly arenites, conglo-

merates, and siltstone. The high sand and pebble content indicates

a depositional environment close to shore, while the scarcity of

muddy sediment seems to indicate that the environment was not a

lagoonal or deltaic environment. The lack of recognizable cross-

bedding or ripple features in the quartzite supports the conclusion

that these were not beach or channel deposits. The original sedi-

ments appear to have been thinly laminated to thickly bedded

deposits of sandy sediments. These sediments were probably

deposited in a nearshore or offshore depositional environment off

a coast with a high sediment yield.

There is rio direct evidence for stratigraphic up or down.

Examining the metamorphic sequence, however, reveals that in at

least one place in Yellow Butte there is a transition from meta-

conglomerate in the west through arenitic quartzite and biotite

schists to very fine-grained phyllites to the east. This type of

conglomerate-sandstone-siltstone--muddy siltstone sequence usually

forms during transgression of a sea, with the depositional environ-

ment progressively changing from nearshore to offshore.. If this is

the case here, then stratigraphic up is to the east, and the

sediments that eventually formed the thick sequence of quartzites

on the west side of Yellow Butte were deposited before those that

formed the interbedded schist, phyllite, and quartzite beds found

in the central belt of Yellow Butte.

The metamorphism on Yellow Butte is almost uniformly high

greenschist facies with poor to moderate schistosity. The abundant
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biotite content in schists and phyllites and its presence as the only

mica in the quartzites establishes the metamorphic facies level.

The contact metamorphism of phyllites adjacent to granitic dikes

results in spotted mica phyllites in which 2-6 mm aggregates of

biotite have formed. These porphyroblasts formed more readily here

than in the coarser-grained schists, which show only a minor glotner-

ophyric grouping of muscovite crystals. The spotted textures are

believed to have formed adjacent to water-unsaturated magmas of the

dikes. This is borne out by the fact that the dikes creating these

textures in the country rock do not contain any tourmaline, which is

present in volatile-rich maginas.

The injection gnesis adjacent to the southernmost part of the

quartz monzodiorite intrusion is believed to be the result of late

magmatic granitic fluids intruding the schist adjacent to the pluton.

The volatile-rich magma intruded discordantly into the relatively

undeformed schist.

Correlation

The tilting of the beds to a vertical position occurred before

the pluton or dikes were emplaced, because the latter show no

folding. Some dikes are parallel to the country rock for a distance,

but usually not for the whole length of the dike. Moreover, the

intrusive igneous rocks do not exhibit any metamorphic textures or

minerals. The most important evidence for the younger age of the

intrusions is the Early Cretaceous potassium-argon date of the quartz

monzodiorite pluton.



The Yellow Butte metasedimentary sequence is part of the nearby

Kiamath Mountains province, for it not only resembles the Kiamath

Mountains rocks, but the latter are the only metamorphic rocks within

hundreds of miles of the thesis area. Because all of the metamorphic

rocks in the eastern half of the Kiamath Mountains province have

been dated as Paleozoic, it is reasonable to assume that the Yellow

Butte sequence is Paleozoic (Figure 4).

Correlation of the Yellow Butte rocks with any particular area

of the Klamath Mountains is difficult, because there are no Klaxnath

Mountains rocks that have the same composition and deformation. This

is probably because there were lateral variations in both the

Paleozoic depositional environment and the metamorphic deformation

of the Kiamath Mountains rocks.

There has been greater metamorphic deformation of the Yellow

Butte rocks thart in the Klamath Mountain rocks of similar composition.

The moderate schistosity and high greenschist facies of metamorphism

inherent in the Yellow Butte beds could be the result of the heat and

pressure associated with the nearby rising quartz monzodiorite pluton.

The high angle of the Yellow Butte sequence could also be related to

the pluton, although a stoping mechanism for emplacement does not

generally produce a major disturbance in the orientation of the

country rock.

The units of the Klainath Mountain geological province that are

most closely related to the units at Yellow Butte are the Schulmeyer

Gulch sequence and, the Antelope Mountain Quartzite. These are sub-

divisions of the Yreka assemblage of Ordovjcian to Devonian age
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(Hotz, 1977). The only exposures lie in an area between Yreka and

Gazelle, about 17 miles northwest of Yellow Butte (Figure 5). The

location of these sequences on the eastern side of the Kiamath Mount-

ains enhances the chance that these units are related to the Yellow

Butte beds.

The Kianiath Mountain unit that is lithologically closest to the

Yellow Butte metamorphjcs is the Schulmeyer Gulch sequence. This is

a heterogeneous unit of phyllitic siltstones and quartzites. The

quartzites are more prevalent than the phyllites (Hotz, 1977), which

is also true of the Yellow Butte rocks. The Schulmeyer Gulch

arenitic quartzites are almost identical to the Yellow Butte

quartzites, except for the higher metairiorphic rank (high greenschist

facies) in the latter. Likewise, the Schulmever Gulch phyllites

appear to have the same characteristics as the phyllites at Yellow

Butte, except for a finer grain size and less pronounced foliation

of the Schulmeyer Gulch phyllites.

Both Late Ordovician and Early Devonian potassium-argon dates

were obtained from the Schulmeyer Gulch inicas (Cashman, 1980). These

two ages, 440 my. and 390 in.y. respectively, are believed to re-

present two periods of deformation (Potter, 1982). There was

probably a Late Ordovician isoclinal folding
eventr
followed by a

much less severe Early Devonian orogeny in the western regions of

the Yreka assemblage. The location of this latter event makes it

unlikely to have affected the Yellow Butte rocks. However, the small

areal extent of the Devon.ian deformation is an indication of the

limited extent of some Klamath Mountain orogenic events. This is
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particularly important with respect to notable isolated outcrops such

as Yellow Butte.

The Ordovician Antelope Mountain Quartzite is predominantly

metamorphosed quartz arenites (Hotz, 1977). There is some minor folding

with north-trending fold axes. The Antelope Mountain Quartzite has

a lower metamorphic rank (low greenschist facies) than the Yellow

Butte metasedimentary rocks (high greenschist facies).

Aside from these differences, the quartzites in the two areas

are similar. The mineral composition, thickness of bedding, and grain

sizes are quite similar. The differences outlined above could be a

result of local changes in Paleozoic deposition and metamorphism.

The Schulmeyer Gulch sequence may be a composite of the

Antelope Mountain Quartzite and the Duzel Phyllite, which also are

from the Yreka assemblage. These three units may be sedimentary

facies of each other (Cashxnan, 1980). This supports the idea that

the differences between the Yreka assemblage units and the Yellow

Butte rocks could be a result of lateral variations in the original

sedimentary environment.

Mesozoic Intrusive Rocks

Description

There are two kinds of intrusive igneous rocks present in the

thesis area. Both are believed to be of the same age, Late Jurassic-

Early Cretaceous, and both intrude the Yellow Butte metasedimentary

rocks. Granite dikes intrude the schists that comprise the central
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north-trending "belt" of Yellow Butte,whereas quartz monzodiorite

plutons make up the eastern "belt" of Yellow Butte (Plate 1).

Granite dikes

The dikes in Yellow Butte are usually vertical and trend

approximately north. Designated as biotite granites, the dikes

are pinkish gray to pale yellowish brown and weather grayish orange

to dark yellowish brown.

The prominent joints are generally vertical and parallel to

the trends of the dikes, and are between 1.5 and 6 inches apart,

often resembling platy jointing. The secondary jointing also is

vertical, and often perpendicular to the prominent joints.

The granite dikes are generally concordant, but at places

they cut across the metamorphic sequence (Figure 12). The smaller

dikes, as thin as 3 feet thick, are more frequently discordant than

the larger dikes, which are up to 250 feet thick. Where the dikes

are discordant, they depart from their usual path at the contact

between two metasediinentary units and abruptly cut across the rocks

at a sharp angle until resuming parallelism to the metasedimentary

bedding.

In most of the dikes. there does not appear to be any alignment

of the hornblende or plagioclase crystals parallel to the contact

with the country rocks, indicating that the magma came to rest before

most crystallization occurred. The usually fine- to medium-grained

granites are a bit finer grained in the chill zone adjacent to the

contact, butthe difference in grain size is subtle.



48

Figure 12. Contact zone between granite dike (bottom of
thotograph) and mica $chist country rock (top).



All of the nine known dikes intrude the schists and phyllites of

the central "belt" of Yellow Butte.

The dikes are very resistant, often protruding through the

ubiquitous colluvium as ribs. They are particularly prominent on

the sout1i flanks of the peaks of Yellow Butte.

Quartz Monzodiorite P luton

Along the eastern edge of the Yellow Butte lie two quartz mon-

zodiorjte plutonic bodies. These intrusives are probably parts of

a larger pluton, as suggested by identical petrography and the

apparent junction of the plutonic contacts on the eastern edge of

Yellow Butte. Further evidence for the probable relationship

between the two plutonic bodies is provided by similar joint

patterns, mineralized zones, and outcrop colors.

The intrusive rock is a mediuin-grained, chloritized biotite-

bearing hornblende quartz monzodjorite. The rock is light gray to

medium light gray and weathers to medium to dark yellowish brown

(Figure 13). The piutcn, as it will be referred to, appears to be

discordant and concordant with the schistose country rock.

The joints in this pluton are commonly oriented at right angles

to each other (Plate 1). In the outcrops, there are no joints

parallel to the contact with the metamorphics.

Both parts of the pluton encompass zones of hydrothermal de-

position of quartz veins containing disseminated light blue green

chrysocolla. Three of these mineralized zones lie within 50 to 100

feet of the contact with the country rock and have been partially



Figure 13. Quartz monzodiorite outcrops on Yellow Butte, dis-

playing parallel joints. Herd Peak (left) and Sheep
Rock (right) in background. View facing northwest.
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excavated to test for potential ore deposits. At one locality,

there once was an operating mine, which will be discussed in the

Economic Geology section. At this locality on the south side of

the northern plutonic body, the quartz veins contain fine- to medium-

grained sulfides, such as pyrite, molybdenite, and chalcopyrite, in

addition to the disseminated chrysocolla.

The mineralized zones are fissure deposits of chrysocolla and

other sulfides formed by hydrothermal solutions within the cooling

pluton.

The quartz monzodiorite plutonic rocks form distinct peaks, but

are less resistant than the quartzite and granite. They have

weathered to a point where only a few outcrops near the peaks of

the plutonic part of Yellow Butte are well enough exposed to

permit examination of jointing and texture. Where there are

reasonably large outcrops, preferential erosion along the joints

has produced large blocks up to ten feet long (Figure 13).

Petrography

The pluton consists of hornblende quartz monzodiorite that has

a medium-grained hypidiomorphic granular texture (Figures 14 and 15).

The plagioclase content is about 53% and the composition is about

There are progressively zoned plagioclase crystals up to 4

mm in diameter. Quartz comprises about 12% of the rock, and ortho-

clase feldspar makes up about 15%. The hornblende crystals are up

to 3.5 mm long, make up 11% of the rock, and are extensively altered

to biotite and magnetite. There are apparently a 6% biotite content
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Figure 1L. Photomicrograph of quartz monzodiorite, displaying
chlorite (c), sphene (s), magnetite (m), and
hornblende (h). Plane light.

1
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Figure 1. Same as figure 11. Crossed nicols.
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before alteration, but about half of ths has weathered to chlorite,

sphene, and magnetite.

The fine- to medium-grained dikes differ from each other petro-

graphically, but there are many similarities (Figure 16 and 17).

They contain 25% to 50% plagioclase, with a composition of An30 to

An38 and phenocrysts from 1 to 3 mm in size. Quartz also ranges

from 1 to 3 mm in size, and constitutes 25% to 40% of the rock.

Orthoclase makes up 25% to 40% of the rock, with phenocrysts up

to 6 mm. Biotite is present in amounts of less than 3% of the rock.

Muscovite is present in amounts between 1% and 5%. Tourmaline is a

constituent of two dikes, with values of 1% and 2%. Zircon, sphene,

magnetite, apatite, and chlorite are present in trace amounts. The

textures of these dikes are xenomorphic granular.

One dike has a mineral composition strikingly similar to the

quartz monzodiorite of the pluton, except for a lower plagioclase

content.

Petroloqical Conclusions

The dikes are probably late magmatic intrusions that emanated

from cooling silicic plutons and intruded schists and phyllites.

Even though only one dike is believed to have definitely come from

the nearby piuton, the remainder are probably derived from it or

subjacent plutons similar to it. The high tourmaline content in

some of the dikes attests to the volatile content of the magma and

is typical of residual melts and late magmatic intrusions. The low

content of ferromagnesium minerals supports such a petrogenesis of
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the dikes, for these minerals have usually crystallized out of the

magma by the time it is discharged from the magma body. The high

quartz, feldspar, and sodic plagioclase content is also evidence

for a late magmatic origin for these dikes, for these minerals are

only crystallized late in the cooling of a magma and are thus present

in a residual melt and the late magmatic intrusions that emanate from

it (Nockolds, Knox, and Chinner, 1978).

There is no appreciable difference in the crystal size in the

contact zone. This indicates that the granitic dikes probably were

intruded rather deep in the crust, where it was warm enough to allow

the contact zone of the dike to crystallize to a fine-grained

texture.

There are a few inclusions of schist in the dikes, indicating

that there was some stoping of the rock during emplacement. However,

the dikes are believed to have dilated the fissures they intruded

with very little stoping, except where they crossed the foliation.

The outcrops are not extensive enough to prove this by matching the

country rock on both sides of the dikes.

The emplacement of the quartz monzodiorite plutOn appears to

have been. by stoping. There is one area where xenoliths of country

rock can be seen in the plutonic rock. At the eastern end of the

injection gneiss, the "gneiss" is almost totally plutonic rock,

with assimilation of xenoliths and some stoping of segments of the

altered schist evident. Other evidence of emplacement is the dis-

cordant relationship of the pluton along at least half of the contact

and the lack of any foliation in the pluton parallel to the contact.
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Correlation

The age of the quartz monzodiorite pluton has been determined

to be 134 or 135 m.y., as determined on biotite and hornblende

crystals (Lanphere, Erwin, and Hotz, 1968). This correlates the

pluton with other silicic plutons in the "Trinity Mountains Plutonic

Belt" of Hotz (1970), with which it is aligned within the same

eastwardly concave belt (Figure 3).

The dikes are believed to be related to the Late Jurassic-Early

Cretaceous emplacement of the pluton in the eastern Kiamath Mountains

during the middle of the L'Ievadan orogeny. Because the plutori is the

only major silicic magttatic intrusive event in this part of the

geologic province, and because the dikes are silicic, it seems

likely that they are related. The petrographic evidence suggests

that they are probably late magmatic intrusions from subjacent

plutons.

Cretaceous Sedimentary Rocks

Description

Covering about 250 acres at the northern end of the thesis area

are what is believed to be exposures of Cretaceous sandstones and

siltstones (Plate 1). This formation has been uplifted along a

N. 20°W.-trending horst, which is bordered by sub-parallel faults

about 2300 feet apart.

These seimentary rocks are believed to be of fluvial or

deltaic origin and probably are correlative to the Hornbrook
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Formation, located about 18 miles northwest of the thesis area

(Figure 2). The Hornhrook Formation is an outlier belt of

Cretaceous sedimentary rocks sandwiched between the subjacent

Klaxnath Mountains metamorphic rocks and the superjacent Tertiary

volcanics.

The Cretaceous rocks of the thesis area inferentially overlie

the near vertical Klamath Mountains province metamorphic and

intrusive igneous rocks, represented in this area by the Yellow

Butte rocks three miles to the south. The Pluto Cave lava flow

that blankets the area between these two rock types totally obscures

the presumed nonconformity.

The Cretaceous sandstones are overlain with angular unconformity

by Tertiary volcanics, with a 50 to 15° discordance. The upper

surface of the sedimentary rocks has low relief, as seen by the

near planar contact between the units. There is no indication of

a paleosoil at the contact between the sandstones and the super-

jacent volcanics, but these areas are commonly covered by extensive

eolian and fluvial deposits that may obscure any evidence.

The stratigraphic thickness of the Cretaceous beds in the thesis

area is at least 1200 feet if the minimum dip is used for calculations

and there are no faults or flattening of the dips beneath the wide

central area of thick alluvial fan deposits.

The scant outcrops of sedimentary units occur in only three

locations, these being on slopes beneath Tertiary lava flow caprock

(Plate 1). The remainder of the formation is masked by alluvial fan

deposits from the east and eolian deposits. The only outcrops consist



of interbedded fine- to coarse-grained sandstones, with subordinate

pebbly sandstones.

These fine- to coarse-grained beds are between 3 inches and 3

feet thick (Figure 18).

The color of fresh rock surfaces ranges from very light green

to pale yellowish orange. The coarser sandstones tend to be whiter

than the finer-grained rocks. Weathered surfaces range from

grayish orange to dark yellowish brown, probably as a result of

limonite staining. The rocks commonly are coated with a dusty

yellowish brown "desert varnish", which is a surface stain or crust

of manganese or iron oxide.

The coarse sandstones commonly contain pebbles, although

according to the 30% rule of Folk (1954), no discrete bed has

sufficient pebbles to be classified as a conglomerate. The pebbles

are predominantly sub-rounded to sub-angular white quartz, black

chert, or red chert up to 2 cm in diameter. There also are local

flat siltstone rip-ups, up to 1 cm in length. Many of the pebbles

are imbricated or aligned such that their long axes are parallel to

the flow direction, which was prevailingly to the northeast.

There are many internal sedimentary structures. These include

well developed cross- and festoon-bedding and some minor cross-

lamination (Figures 18 and 19). The cross-bedding takes the forms

of wedge, lenticular, and tabular beds with foreset laminae and beds

inclined generally to the northeast (Figure 20). These features are

6 inches to 3 feet thick and they show a paleocurrent direction of

about N. 30° E. after correction for tectonic tilt (Briggs and Cline,

1967).



Figure io. Cretaceous sandstone outcrop, showing regional tee..
tonic tilt and foreset beds, View facing northwest.

Figure 19. Cretaceous sandstone outcrop, displaying cross-
bedding. View facing north.
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Figure 20. Current rose of foreset cross-bed measure-
ments in thesis area sandstones.



The festoon beds in these sandstones exhibit troughs plunging

in directions between northwest and east. These paleocurrent

directional indicators are less accurate than the cross-bedding, but

nonetheless support a generally northeast paleocurrent flow.

These paleocurrent directions are not necessarily represent-

ative of the entire formation, because only about a dozen of these

indicators could be measured accurately and these were all found

within 1500 feet of each other in the northern part of the Cretaceous

area. Thus, they represent only a sampling of what was probably a

larger fluvial or deltaic environment with stream channels winding

in a sinuous, or even braided, manner.

In many of the sandstones, there are liesegang rings.

The soil surrounding these outcrops is a useful indicator of

nearby outcrops. Very pale orange sandy soil, commonly with a

grassy cover and quartzite and chert pebbles up to 4 cm in diameter,

are common downs lope from the sandstone outcrops.

Pebble counts from various outcrops in the northern part of the

Cretacerjus area produce similar results for all of the rocks. The

sub-angular to well-rounded pebbles are up to 4 cm in diameter.

Zbout 49% of the pebbles are white quartzite, 24% are volcanics,

11% are siltstone, 10% are black ehert, and 5% are white plutonic

OT Vein quartz.

At the southern tip of the crescent-shaped ridge capped by

Tertiary lava extneding into the Cretaceous area (Plate 1) are the

most extensive outcrops of sandstone. There is a 150 foot wide out-

crop of generally N. 05° E. dipping sandstones that includes about



100 feet of stratigraphic section. The outcrop tends to encircle the

southern tip of the caprock-topped ridge because of the northerly dip

of the sedimentary beds. There are numerous, smaller outcrcps up to

200 feet east of this large outcrop.

The thickest beds, coarsest sandstones, best paleocurrent

direction indicators, and greatest variety of sandstone beds occur

at this outcrop. The only known fossil in the thesis area, an

unidentifiable 10 inch long plant leaf, was found at the base of this

exposed rock outcrop.

About 50% of the exposed stratigraphic sequence is composed of

coarse-grained sandstones. The remainder of the sequence includes

about 20% pebbly medium- to coarse-grained sandstones, 7% very

coarse-grained sandstone, 20% med.ium-grained sandstones, 3% fine-

grained sandstone, and one thin bed (0.5%) of very fine-grained

sandstone (Figure 21).

Another large area of sandstone crops out on the northern

border of the area, straddling the east and west sides of the

northern end of the caprock-armored ridge (Plate 1). These out-

crops all belong to the sane northwest-dipping sandstone unit that

intersects the flanks of the armored ridge in a crescent-shaped

outcrop pattern. West of the ridge, the sandstone forms a series

of up to 5 foot thick outcrops that are aligned in a N. 70° E.

direction along the slope, probably where a single stratum of

sandstone intersects the surface. East of the ridge there is a

similar arrangement of outcrops, although these stretch out over

600 feet in a northeast direction, with individual outcrops up to
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Matrix Cement

Figure 21. Grain : Matrix : Cement plot of thesis area sand-
stones (from Gilbert, l9b) and Hornbrook Formation
sandstones (adapted from Elliott, 1971).
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eight feet thick. These highly weathered outcrops of N. 55° W. dipping

sandstone consist of fine- to coarse-grained sandstone with beds

2 inches to 2 feet thick. Where there are numerous two or three

inch thick beds, the weathered sandstone is flaggy.

The outcrops in the southern part of the Cretaceous area are

very different from those discussed above, for each outcrop re-

presents only one layer of sandstone and they are so deeply weathered

and masked by a thick cover of alluvium that no internal features

other than attitude can be distinguished. These fine- to coarse-

grained sandstones dip between 12° and 20° to the northeast. There

are at least three places about 150 feet downslope from the Tertiary

basalt caprock on this slope where the sandstone layers crop out.

Where they intersect the surface, the sandstone layers form ribs

less than 3 feet thick that are between 100 and 200 feet long.

These aligned outcrops descend the slope in rows trending about

N. 60° E.

Gemorpho logy

On the slopes with sandstone outcrops, the cliff-forming

sandstone beds protrude from an alluvial cover. The covered in-

tervals might be siltstones and mudstones that have been

differentially eroded.

Along the fault on the eastern boundary of the Cretaceous rock

area, the fault is recognizable along more than half of the 3700

foot length by a fault line scarp up to 20 feet high. The west

side of this west side up fault is lower as a result of erosion of

alluvium on the downslope side of the fault by ground water
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emanating from the fault. Numerous springs and wells along this

fault and a more lush growth of vegetation downs lope from the fault

are also products of ground water rising to the surface along the

impermeable fault.

The sandstone outcrops are exposed on highly eroded slopes of

sedimentary rocks that have been protected from total deterioration

by Tertiary lava flow caprocks. Wherever these caprocks have been

eroded away, the underlying sandstone has been worn down to a low

elevation and covered by alluvial fan deposits from the Tertiary

volcanic terrane to the east.

The vertical and normal faults that border the Cretaceous area

seem to be the controlling factors as to where the Tertiary lava

caprocks, and therefore the sandstone outcrops, are eroded away.

This is because lateral erosion from the differentially eroded

fault zones has eroded the caprocks back so that they lie between

350 and 550 feet from the faults (Plate 1). However, there are two

areas where there has been more than this amount of lateral erosion

from the faults. The northeast part of the Cretaceous area has been

eroded into a 800 foot wide flat area as a result of erosion by

west-flowing springs that emanate from the eastern fault zone of

the horet. The extensive alluvium-covered central area has been

eroded by two permanent streams formed by water flowing west from

the spings andwells on the eastern fault. These springs are the

proximate cause for this "window" through the Tertiary volcanics,

exposing the Cretaceous sedimentary rocks.
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The Cretaceous sandstones are bounded on the east by an east-

dipping normal fault and on the west by a vertical fault that are

parts of the fault zones of the horst that traverses the thesis

area (Figure 2). This N. 2cfW.-trending horst has a complicated

structure in the north, particularly iimnediately north of the

Cretaceous area. The topography and geology here do not resemble

a simple horst, for there are at least four vertical faults. Except

for the easternmost fault, the faults are all east side up.

The Cretaceous sedimentary strata generally dip north and

northeast between 20° and 40° (Plate 2). This is largely the

result of the regional tectonic tilt of the Cretaceous and Tertiary

rocks that resulted from the uplift of the Klamath metamorphic and

intrusive basement rock since Cretaceous time.

The Klamath Mountains rocks in the vicinity of Shasta Valley

and the Cascades were downwarped as the area was occupied by

transgressing marine seas in the Late Cretaceous (Elliott, 1971).

The Western Cascade series subsequently was erupted onto most of

this downwarped area, covering most all of the Cretaceous rocks.

Since the Cretaceous, the Kiamath Mountains rocks have been up-

lifted as a vertical couple, uplifted west of Shasta Valley much

more than to the east (Elliott, 1971).

Each of the three areas of outcrops in the Cretaceous area

contains beds that dip in a different direction. This might be a

result of the fluviodeltaic environment of deposition, where the
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paleoslopes on which these sediments were deposited could have ex-

hibited local changes. Another possibility is that the faults have

experienced unequal movement, disturbing the Cretaceous bedrock

enough to tilt the northernmost outcrops farther to the west from

the regional northeast tilt of all the pre-Pliocene rocks in this

area.

Petrography

Using Gilbert's (1954) classification, the sandstones of the

thesis area are feldspathic and arkosic wackes and arenites (Figure

22). The matrix content is usually between 9% and 20% and the feld-

spar content is between 15% and 32%. There is little difference

between the clastic strata with respect to their mineral com-

position.

The framework makes up 70% to 80% of the sandstones (Figure 21).

The angular to sub-rounded gramework grains are poor to moderately

sorted. The average grain size ranges from 1.5 mm in the fine-grain-

ed sandstones to 2 mm in the very coarse-grained sandstones. The

framework generally consists of 40% to 50% quartz, 20% to 40% chert

and quartzite, 9% to 14% potassium feldspar, 5% to 15% plagioclase,

and 2% to 8% volcanics.

Most of the quartz is plutonic undulatory quartz, but about

15% of the quartz is strongly strained, polycrystalline, metamorphic

quartz. Vein quartz was detected in a few grains (Figure 23).

The potassium feldspar is usually orthoclase and subordinately

microcline. The composition of the plagioclase grains ranges from

An10 to Anj.
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Figure 23. Photomicrograph of coarsegrained Cretaceous
feldspathic arenite, showing pebble of vein
quartz (right) and chert (left). Crossed nicols.
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Lithic framework grains include abundant quartzite and chert,

common porphyritic mafic volcanic rock, some mudstone rip-ups, and

accessory schist (Figure 24). The pebble-sized chert and

quartzite grains are more rounded than smaller grains (Figure 23).

The siltstorie rip-ups were probably formed penecontemporaneously

from erosion of nearby siltstone beds.

Finer grained framework grains which might be considered part

of the matrix include muscovite, biotite, magnetite, apatite, and

zircon, and possibly chlorite, pistacite, and clinozoisite. Most

of these grains are believed to be detrital, but some could be

authigenic.

The fine- and medium-grained sandstones appear to have a lower

quartz content in the framework and a smaller percentage of frame-

work compared to the coarse-grained and pebbly sandstones.

Roundness of the grains increases and sorting tends to decrease

with increase in grain size.

Alteration has affected many of the grains. Highly altered

and fresh grains of feldspar and chert occur together, indicating

that much of the weathering occurred in the source area. The

feldspars, especially plagioclase, are partially altered to kaolin,

sericite, and other clays. Much of the biotite has weathered to

chlorite.

The thesis area sandstone matrix is a very fine-grained

aggregate of feldspars, micas, quartz, clays, and ferrous oxide.

The micas are most likely sericite, chlorite, and biotite. The

9% to 25% matrix content is much lower than the matrix content of
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Figure 21.L. Photomicrograph of Cretaceous pebbly arkosic

wacke, exhibiting pebble of schist with quartz
vein. Crossed nicols.
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the Horrthrook Formation rocks. This could be a result of different

environments of deposition and a paucity of deposition in the thesis

area. The matrix is highly altered and limonite-stained, making

observations difficult.

Some of the matrix originated as detritus that settled out

penecontemporaneously with the framework grains. However, diagenetic

alteration probably formed most of the matrix by alteration or

replacement of the framework grains. This can be seen by the

extensive alteration of biotjte to chlorite, plagioclase to clays,

volcanic clasts to sericite and other fine-grained products, and

small grains of volcanics and feldspars to clays. Further evidences

for diagenetic alteration are the feldspar crystal, siltstone rip-up,

and volcanic clast grain boundaries, which grade into the matrix,

CQIflmOflly with serrate borders.

The cement in most of the sandstones is predominantly limonite,

with some minor hematite. Limonite comprises up to 10% of the sand-

stone volume and commonly pervades the inicrogranular matrix and

occupies irregular void spaces that at one time gave the sandstones

about a 5% porosity. The limonite probably was deposited in the

void spaces of the sandstone sediments by circulating groundwater.

There are a few almost white arenite beds that are cemented by

calcite, with the calcite content less than 2%.

Petrologic Conclusions

The provenance area of the Cretaceous sandstones is believed

to have been the nearby Kiamath Mountains geologic province, for the
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mineral suite has affinities to those metamorphic and igneous rocks.

The m.icas, quartzites, and metamorphic quartz grains originated

from quartzites, schists, and gneisses. The chert could have been

derived from the bedded cherts of the Kiamath Mountains. Most of

the potassium feldspars and undulatory quartz could have come from

the acid plutonic terrane, while the volcanic clasts probably came

from the mafic extrusive rocks of the Klamath province.

The lack of quartz overgrowths and the rounded quartz and

zircon grains indicate that the grains are predominantly first

cycle. However, there are rounded quartzite and chert pebbles that

are probably second cycle, but they make up less than 2° of the

rock. Because most of the framework clasts are first cycle grains,

the nearby metamorphic and igneous rocks of the Kiamath Mountains

province are an acceptable source area.

The many unstable mineral grains such as plagioclase, biotite,

and epidote also indicate a nearby provenance area.

The northeasterly transport directions imply that the Kiamath

Mountains province was the source area.

The depositional environment of the thesis area sandstones is

suggested by a variety of characteristics. Strong current

velocities are indicated by siltstone rip-ups, lenses of cross-

bedding coarse-grained sandstones, imbrication of pebbles, and

thin and irregular sets of foreset and festoon cross-bedding. The

lack of animal markings, plant or fossil matter, matrix in arenites,

and mudstones are indices of moderate to strong currents that

winnowed the sediments. ?brupt changes in matrix content, of
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pebbles, sizes of particles, and sorting suggest that there were

abrupt fluctuations in the currents. Rapid transport and de-

position is suggested by well-rounded pebbles juxtaposed to angular

feldspar clasts and siltstone rip-ups. The cross-bedding and

scour-and-fill features are indicative of unidirectional flow.

All of these features in non-marine sandstone typify a fluvial or

deltaic depositional environment.

An alluvial environment, whether as channels or a delta, would

have meandering and levee-bordered streams that exhibit the above

characteristics. Such streams flow unidirectionally in their

channels, cutting and filling, and building up cross-laminations and

cross-beds. The current winnows out plant, animal, and fine-grained

detrital debris, moves pebbles along by traction, and can abruptly

deposit a sediment of another grain size as a result of seasonal

changes or slight changes in the stream course. The streams form new

channels and later recross the old channels, resulting in the varied

local paleoslopes and paleocurrent directions that are present in the

thesis area sandstones.

The principal difference between the thesis area sandstones

and those of the Hornbrook Formation is the apparent fresh water

origin of the former. Evidence for fresh water deposition includes

the lack of appreciable calcite cement derived from marine exc-

skeletons that provided such a significant aitunt of calcite in

the Hornbrook Formation. The limonite cement and yellow staining

are indicative of an oxidizing environment, whereas marine sed-

iments often undergo reduction.
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Correlation

The sandstones of the thesis area are believed to be the non-

marine or lateral equivalent to the arenaceous unit of the late

Turonian-early Coniacian Hornbrook Formation. If so, the thesis

area sandstones were deposited during the Late Cretaceous.

On a large scale, many of the same features can be seen in

the sandstones of the thesis area and the Hornbrook Formation.

The provenance area for the framework grains of the sandstones

in both areas is believed to have been the Kiamath Mountains.

The transport directions are to the north and northeast. The sand-

stones of both areas were deposited in high energy environments,

where cross-bedding and festoon bedding in coarse arenites and

pebbly sandstones were formed. Both areas display the same

tectonic tilt of about 20°, with no accompanying folding, to the

east and northeast as a result of the uplift of the Kiamath

Mountains (Elliott, 1971).

Petrographically, the two units also show similarities. Both

sandstones display about 30% quartz, 18% feldspars, 15% matrix

(Figure 21), and 4% commonly altered micas such as biotite.

There also are the same framework constituents, such as plutonic and

stressed quartz, feldspar, chert, quartzite, mafic volcanic

clasts, and minor mica, schist, and magnetite. The moderately

mature to immature sandstones of both areas are feldspathic

wackes and arenites (Figure 22). They consist of moderately to

poorly sorted angular to sub-rounded framework grains, with first
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cycle grains predominating. Both areas of sandstones contain

rounded pebbles of quartzite and chert and rip-ups of siltstone or

mudstone. They both have porosjties below 5% and matrices consisting

of clays, ruicas, and feldspars (Elliott, 1971).

Unfortunately for correlation purposes, the two different

areas of Cretaceous clastic rocks seem to have been deposited in

different environments of deposition. This has resulted in

different colors, fossil contents, diagenetic minerals, and some

internal features.

Features that are present only in the Hornbrook Formation

sandstones as a result of its shallow marine deposition are

asymmetric ripple marks, normal graded bedding, animal markings and

burrows, and Late Turonian-Early Coniacian fossils (Elliott, 1971).

In the thesis area sandstones, there are much higher contents

of some framework constituents than those found in the Hornbrook

Formation. The volcanic clasts and orthoclase content is about

double, and the chert and quartzite are about five times that of

the Hornbrook sandstones. These are probably the result of a

slightly different source area and different distances from the

source areas. The small mineralogical disparities also indicate

that the sediments deposited in the two areas were probably trans-

ported by two different stream systems.

The characteristics of the Hornbrook Formation support a

fluvial or deltaic hypothesis for the deposition of the thesis

area rocks. In the Hornbrook Formation, the degree of sorting,

the average grain size, and the amount of internal structures
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increase in the southern sandstones, indicating that the environment

of deposition appears to get shallower farther south. The total

thickness of the Hornbrook Formation gets thinner toward the south,

which also indicates a shoreline to the south. These Hornbrook

features, along with the northeast transport direction away from

the Kiamath Mountains provenance area, indicate that the Late

Cretaceous shoreline was probably located southwest of the

depositional environment of the Hornbrook Formation (Figure 25)

(Elliott, 1971). Because the thesis area is toward the south-

southeast, it seems likely that nonxnarine equivalent of the

Hornbrook Formation could have been deposited there.

It is believed that the Cretaceous sea extended into northern

California from southern Oregon during the deposition of the

Hornbrook Formation (Figure 25). Because the Hornbrook Formation

becomes thinner and shows characteristics of shallower deposition

farther south from the Oregon border, it appears that there was

probably not a marine passage to the south, where similar Late

Cretaceous rocks were being deposited in the Sacramento Valley

(Elliott, 1971).

Tertiary Volcanic Rocks

Description

Lying along the northeast margin of the thesis area is an

accumulation of mid-Tertiary laharic conglomerates and lava flows

belonging to the Western Cascade Series. On the southeast end of

this approximately one mile wide strip of Tertiary rocks is the
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southern end of a steep-sided crag called Sheep Rock (Pate 1).

To the northwest of this is a large expanse of alluvial fan deposits

derived from the volcanic rocks of Sheep Rock and Herd Peak (Figure

2). The northwestern part of the Tertiary volcanics consists of

rocks and fan deposits that are faulted into a complex of horsts.

Sheep Rock is an exceptionally steep mountain rising up to

1,800 feet above the alluvial fan at its base (Figure 26). It

consists of multiple beds of coarse andesitic laharic breccias,

some of which are over 100 feet thick. Tip to twenty separate

mudflows can be distinguished in one part of the mountain, although

they cannot be precisely traced very far laterally. Most of these

layers are cliff-formers, each having been eroded into almost

vertical scarp faces. The overall appearance of the face of

Sheep Rock is a staircase of cliffs and benches.

The breccias are composed of unsorted volcanic debris, con-

sisting of sub-rounded to angular blocks of basalt or mafic

andesite lava up to five feet in diameter. In most of the layers,

the breccia contains only pebble and cobble-sized clasts that make

up 50 to 70 percent of the breccia and are suspended in a matrix of

devitrified tuffaceous mud and ash material.

The beds generally dip to the east between 20° and 30°, but

vary slightly from bed to bed in their attitudes. The breccia beds

in lower Sheep Rock tend to dip to the northeast, and those in the

upper part of the mountain to dip almost southeast. There is an

abrupt change in the bed attitudes about 1000 feet above the base

of Sheep Rock.
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Figure 26. View of Sheep Rock from the south, displaying
multiple laharic breccia beds. Herd Peak in
background.
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There are two prominent sets of vertical joints in the Sheep

Rock laharic breccias that trend almost perpendicular to each other

(Plate 1). The northwest-trending joint set is more prominent

than the northeast-trending set. The joints are the major structural

control for gullies and scarps.

The laharic breccias have ubiquitous chalcedony deposits in

former hollow spaces and joints, the result of circulating ground-

water. There also are numerous petrified wood fragments formed by

silicification of pieces of wood engulfed by the Tertiary rnudflows.

The oxidized surfaces of the volcanic blocks in the mudflows

commonly have pale red to dark reddish brown colors, which, along

with the very pale orange color of the matrix, give the barren

escarpment a light brown hue.

There are no lava flows present in the 1800 feet of the Sheep

Rock escarpment. However, there are three basalt flows, each up

to 30 feet thick, interlayered with laharic breccias near the top

of the alluvial fan at the base of Sheep Rock. These pyroxen-

bearing basalts seem to be the stratigraphically highest lava flows

in the Tertiary volcanics in this part of Shasta Valley.

Northwest of Sheep Rock, the gently east-sloping terrain is

dominated by unconsolidated deposits of dust, ash, and cobbles

that were created by aeoiian processes, in-situ weathering of

Tertiary mudflow breccias, or the extensive alluvial fans in the

area.

On the steep-sided hill on the northeast border of the thesis

area, and in three deep gullies dissected by intermittent streams
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flowing from the east, about twenty laharic breccias, each between

10 and 90 feet thick, can be seen in cross-section. The sequence con-

sists of interlayered beds of basalt and andesite flows and laharic

breccias.

The lava flow rocks have a great variety of fresh surface

colors, including yellowish gray, dark gray, and very dusky red.

The textures and structures include massive, platy jointed, crudely

coluninar jointed, and local basalt flow breccia. Most of the lava

flows have a low vesicle content, but abundant plagioclase pheno-

crysts.

The laharic breccias are identical to the ones in Sheep Rock

described in the preceding paragraphs, except the breccias form

slopes and the lava flows form scarps.

There are two beds of tuffaceous wackes, each 15 to 20 feet

thick, near the northern border of the thesis area. These medium-

grained yellow gray layers weather readily, creating grayish yellow

soil downslope from the outcrops.

L1ying with angular unconformity on the Cretaceous clastic rocks,

are at least three olivine- and augite-bearing basalt flows that

are apparently at the stratigraphic base of the Tertiary volcanics

in the thesis area (Figure 27) . These medium gray to blackish red

basalts form extensive caprocks over the easily eroded Cretaceous

sandstones. They are each at least ten feet thick.

In the northernmost part of the thesis area, there are

extensive calcium carbonate deposits resembling geodes and drip-

stones where the fault line intersects the stream bed.
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Figire 27. Caprock of Tertiary basalt overlying Cretacecus
sandstones.



There are numerous caliche deposits near the faults. They

seem to form only along the faults, apparently from the evaporation

of groundwater rising to the surface along the faults.

Geomorphology

There has been extensive erosion of the Western Cascade Series

volcanics, for there have been at least 2000 feet of volcanics

removed by erosion, as seen by the height of the Sheep Rock and

Herd Peak Tertiary volcanics above the valley floor.

Many of the ridges and mounds of the Tertiary volcanics, and

the two ridges of Cretaceous clastic rocks, are capped by resistant

lava flow rock that prevents the softer subjacent rock from being

eroded as fast.

Structure

In the northeastern part of the Tertiary volcnics, there are

numerous fault scarps and horsts created by Quaternary uplift

along a series of vertical faults in the area. The faults in the

western fault zone of the horst are all east side up, while the

eastern set of faults are west side up, creating horsts. The

seven faults in this area trend between N. 02° W. and N. 31° W.

(Plate 1).

In the vicinity of the Cretaceous outcrops, the fault scarps

are extensively eroded, but are up to 150 feet high.

All of the Tertiary volcanic beds are tectonically tilted to

the east and northeast between 5° and 20° (Plate 2). The tilt is
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believed to have been produced from the uplift of the Klamath

Mountains (Williams, 1949). The local variations in the attitudes

of the layers were probably caused by the deposition of lavas and

lahar deposits on irregular surfaces or by the overlapping of flows

from various sources.

Petrography

The lava flow rocks are dominantly augite-'bearing basalts,

with subordinate mafic andesites (Figure 28). The textures of these

rocks usually are diabasic, although there are several that are

nearly hyalopilitic. Both the porosity and the glass content

average below 5%.

The augite content is between 5% and 10%, some rocks having

only microlites of augite and others having phenocrysts up to 5 mm

long. bout half of the flows examined in thin section contain up

to 5% olivine, with crystals up to 1.5 mm long. The plagioclase

content ranges from 55 to 80 percent, with a composition between

An47 and An65. The plagioclase phenocrysts are up to 4 mm long and

often display oscillatory zoning.

The volcanic mudflow breccias show a wide variety of angular

to sub-rounded clasts of basalts and andesitic basalts (Figure 29).

The framework makes up 80% of the very poorly sorted breccias and

consists of medium- to fine-grained diabasic basalt, hypohyaline and

hyalopilitic basalts, and thoroughly devitrified basalts with zeo-

lites in the vesicles.
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The matrix is about 15% of the volume of the rock and contains

fine grains of plagioc.lase, augite, olivine, and magnetite. }iowever,

most of the matrix is feldspar, sericite, cristobalite, and c1ay the

alteration products of devitrified glassy particles of volcanic ash

and mud. The cement is a combination of alteration products, such

as clays and minerals that have been dissolved and been redeposited

by circulating groundwater, such as calcite (Figure 29).

The laharic breccias are immature and were obviously trans-

ported from the source areas, deposited, and covered by subsequent

deposits relatively rapidly.

Petrological Conclusions

The laharic breccias were formed by the epiclastic erosion,

suspension, transport, and redeposition of volcanic ash and rocks

by volcanic mudflows. Lahars, or volcanic xnudflows, were initiated

by rain or melt water mixing with loose pyroclastic debris on the

flanks of a volcano to form a slurry.

The breccias in the thesis area were not ash flows or ignim-

brites, for there are none of the characteristic vitrophyric

welding or eutaxitic textures. The lack of ignimbrites or ash

flows and the presence of some basalt flows indicate that the

nearby volcanoes were probably not explosive silicic volcanoes.

The mudf lows were probably cold, because the petrified wood

fragments show no signs of charring.

Such a thick uninterrupted sequence of volcanic mudflows as

in Sheep Rock must have accumulated in a low area or valley between



volcanoes. The 100 foot thicknesses of many of the flows indicate

that the lahars must have been trapped between higher topography.

The two beds of mediuin-grained tuffaceous wackes found near the

northern border of the thesis area were probably created by the de-

position of sand-sized fluvial volcanic debris in low lying areas.

Correlation

The volcanic lava flows and laharic breccias of the thesis

area are part of the Western Cascade Series (Figure 2). These

Tertiary rocks continue uninterrupted to the north and west into

areas where they have been dated as Late Eocene to Late Miocene by

fossil plants.

The thick pile of laharic breccias is quite unusual, in fact

probably unrivaled in the Cascades. However, the Late Pliocene

Tuscan Formation about 100 miles to the south consists of laharic

breccias up to 1700 feet thick that cover 2000 square miles.

These volcanics had undergone an extensive period of erosion

before the Pliocene High Cascade Series basalt flows were deposited

on them, as revealed on the nearby Herd Peak by the extensive relief

of contact.

Quaternary \7olcani cs

A great variety of relatively recent volcanic features make up

about 80% of the thesis area. These include numerous lava flows, a

cinder cone and its associated lava flows, and a volcanic dome.

These volcanics are believed to be Quaternary because of relatively
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volcanics of Mt. Shasta. These units will be discussed individually

in this section, in the order of their presumed stratigraphic se-

quence.

Basalt Flow Series

Description

In the southeastern and, central part of the thesis area, there

is a series of mounds and ridges of Quaternary basalt separated

from each other by either the Pluto Cave basalt flow or flat areas

of ash and dust deposits.

More than a square mile of these basalts exist in the south-

east part of the thesis area in the form of deeply dissected ridges,

fault blocks, and "steptoes' from five feet to 100 feet high

(Plate 1). These basalt ridges and mounds display no recognizable

pattern of the original flow surface. The ridges and steptoes have

moderately sloping sides and are the result of extensive erosion

of a series of basalt flows.

Protruding through the Pluto Cave basalt in the thesis area

are at least eight small steptoes between 150 and 1500 feet in

diameter, and one large mile-long steptoe ridge of basalt (Plate 1).

These are erosional remnants of older flows that were surrounded by

extensive Pluto Cave basalt as it flowed northwest through this

area, burying all but the higher elevations. The steptoes near the

edge of the Pluto Cave flow project only a few tens of feet above



the flow and were never very high above the pre-f low terrain. How-

ever, the steptoes farther north in the middle of the flow had

to be very high above the pre-f low landscape in order to protrude

through the 400 foot thick basalt flow. These northern steptoes

are believed to have been uplifted along the horst.

The northern basalt ridge trends east-west and crosses the

eastern fault zone of the horst (Plate 1). West of the faults, the

ridge consists of one augite-bearing basalt unit, with prominent

N. 80° E.-trending vertical joints on the western end of the ridge.

Directly adjacent to the faults, the ridge reaches a height of over

100 feet above the nearby Pluto Cave basalt flow.

The origin of this ridge is uncertain, but it is most likely

the erosional remnant of an intracanyon flow. The canyons and

gullies of this area flow west down the regional slope, which would

explain the east-west alignnnt of a flow of this origin. The

prominent vertical joints (Plate 1) could have formed parallel to

the canyon walls as the flow began to congeal.

East of this ridge and the fault zone, there is an area of

hypersthene-bearjng basalt that is adjacent to the fault zone, but

is surrounded by the Pluto Cave flow in all other directions (Plate

I). The only outcrops of this rock are in a 30 foot high slope

that probably is the north slope of an east-west-trending ridge

which is almost totally covered by the Pluto Cave flow. This

"ridges' is aligned with and is parallel to the higher ridge to

the west of the fault, but has a different composition.

With the exception of these two adjacent ridges of distinct



lithologies, the extent of any particular lava flow in this unit

cannot be determined. Petrographic studies reveal that there are

actually at least eight separate flows in the area mapped as

augite- and hypersthene-bearing basalts. Some of the flow rocks

have distinct lithologies, even in hand specimens, because of large

phenocrysts of plagioclase, hypersthene, or augite, and the size

and content of vesicles (Figures 30 and 31). There appears to be

a sequence of different flow lithologies trending east-west, as if

the flows had debouched into a series of westward-flowing stream

valleys or interfiow depressions. This would support the intra-

canyon hypothesis for origin of the ridge near the center of this

thesis area.

These basalts are dark gray with white plagioclase phenocrysts

and weather to light brown.

Geomorphology

Erosion of this series of basalt lava flows has been very

extensjv. There are no flow features of either small or large

scale, for tens of feet of surficial rock have been stripped off

the surfaces. At most of the exposures, spheroidal weathering of

the basalt is marked.

The low areas between the higher elevations of basalt are filled

with unconsolidated eclian and fluvial deposits of ash, pumice, and

basalt cobbles.
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Figure 30. Photorn.icrograph of Quaternary augite-bearing
basalt flow rock, with glomerophyric augite
phenocrysts. Crossed nicols.

Figure 31. Photornicrograph of Quaterna.ry basalt flow,
displaying corroded and zoned olagioclase
phenocryst. Crossed nicols.
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Structure

The ridges west of Route Al2 in Section 25 are parallel to the

nearly vertical faults which traverse this area with an approximate

N. 100 W. trend. There are two sets of these faults (Plate 1), and

in each set the faults are generally parallel to each other.

There are scarps up to 80 feet high flanking each of the

"curved" faults. These scarps are separated from each other by

small flat-bottomed canyons up to 100 feet across filled with thick

accumulationsofeolian ash deposits. These canyons are most likely

steep-sided gullies preferentially eroded into the basalts along

the "curved" faults. Because these distinct features do not occur

along any "linear" faults, they may be an indication that the

curved faults are older and more brecciated.

The scarps on the west side of these canyons are higher in

elevation than those on the east sides. This probably indicates

that there has been more uplift on the west side, which is

characteristic of all other faults along this fault zone.

'The "linear" set of faults west of Route Al2 forms true fault

scarps along most of the combined length of the fault zone of

about 1.5 miles in this area of basalts. These vertical faults

and fault scarps are west side up (Plate 2). Most of the fault

scarps are less than 20 feet high, but they attain a 100 foot height

in the southern part of Section 25.

East of Route Al2, the fault that lies about one mile east of

Yellow Butte does not display fault scarps. A shallow, narrow



trench can be detected along most of the 4000 foot known length of

the fault. The only evidence of vertical movement on this fault is

a 1400 foot long area where the Pluto Cave basalt flow has poured

over a possible east side up fault, forming a lava cascade.

As previously mentioned, the existence of two small steptoes

and a high part of the mile long ridge protruding through the middle

of the Pluto Cave flow along the east side of the horst are evidences

for west side up movement on the eastern fault zone. The linear

arrangement, similar elevations, and proximity to the fault zone

of the two steptoes indicates that they were probably on the up-

lifted east side of the horst when the Pluto Cave basalt flowed

through the area.

Petrograpy

The. basalts have characteristics of caic-alkaline mafic lava

flows, for they have phenocrysts of pla.gioclase, clinopyroxene, and

othopyroxene or olivine in a hyalopilitic to intersertal matrix.

About 35 thin sections of these rocks were analyzed in order to

determine the compositions and mutual relationships. At least

eight different lava flows were detected in this unit.

The rocks have vesicularities ranging from 3% to 25%. The

vesicles are small; usually less than 1 mm. The glass content

ranges from 25% to 60% (Figure 30).

The plagioclase content ranges from 30% to 55%. Every sample

taken from the andesitic basalt outcrops except two had phënocrysts

of plagioclase with lengths ranging from 1.5 to S mm, oscillatory
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Zoning, and partial resorption (Figure 31). The compositions of

the plagioclase fall in the range of An53 to An62. Plagioclase

microlites range from .05 mm to 0.5 mm in length and are embedded in

the glassy matrix with a fluidal texture.

With the exception of two samples that contain approximately

3% 1ivine phenocrysts about 1.5 mm long, the only ferromagnesium

minerals seen in these basalts are hypersthene and augite. The

hypersthene content ranges from Q% to 8%, with crystal sizes from

.08 mm to 10 mm long. The dilnopyroxene, which is probably augite,

makes up between 1% and 7% of the rocks, with crystals from 0.7 mm

to 3 mm in size. Biotite QCCUS in some samples in trace amounts.

Opaque minerals, probably magnetite, comprise between 1% and 5%

of the rocks. The rocks generally have a fine-grained crystalline

matrix with medium-grained euhedral to subhedral phenocrysts of

plagioclase, augite, and local hypersthene and olivine (Figure 30).

Alteration of these rocks depends on their proximity to the

surface. In fresh samples from more than five inches below the

surface, there is no visible alteration of the crystals, although

the glass is moderately devitrified. In surface rocks, however,

the glass has been altered to clays and the plagioclase crystals

have core or rind areas of kaolinite, albite, and epidote. The rare

olivine is extensively altered to iddingsite.

Petrologica]. Conclusions

The source of this series of basalt flows is probably the

Quaternary Mt. Shasts volcanic pile, because the other, more recent



Quaternary lava flows in the thesis area have definitely flowed from

there. There are no rocks of similar age or composition in any other

direction for at least 10 miles, whereas there are numerous Quater-

nary flows on the northern flanks of Mt. Shasta (Miller, 1980).

Correlation

A late Pleistocene potassium-argon date of 170,000 ± l40,Q00

years ha been obtained from the basalt series immediately north of

the intersection of Route 97 and Route Al2 (Chesterman, 1982).

This series of Quaternary basalt flows is most likely the

oldest Quaternary unit in the thesis area. The greater amount of

alteration and lack of any surface features indicate that these

flows are much older than the other Quaternary volcanics in the

thesis area.

Cinder Cone

Description

In the southwest part of the thesis area is a large cinder cone

just over 2500 feet in diameter (Figure 31). The cone is slightly

elongate in a north-south direction, parallel to the fault that is

believed to run beneath the cone (Plate 1).

There are two recognizable basalt flows on the surface of the

cinder cone. The small one on the north slope of the cinder cone

is highly dissected by erosion, while the large one straddling the

cinder cone, which flowed down the northeast and the northwest sides

of the cone, is very well preserved. These will be discussed separately

later in this work.
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The cinder cone is more than 500 feet high with vegetated slopes

up to 20° (Plate 2). The cone consists of superimposed layers of

lapilli and bomb-sized ejecta formed by successive showers of

erupted fragments. These layers are one to four feet thick and dip

away from the center of the crater at angles between 13° and 30°,

with decreasing angles of inclination farther from the center. These

layers can be seen clearly in the two moderately large cinder pits

excavated in the south and southeast flanks of the cinder cone

(Figure 32).

Also seen in the walls of the cinder pits is a large scale

layering of red and gray ejecta beds. Medium gray layers are un-

oxidized zones of cinders and, bombs that make up most of the interior

of the cone. Dark reddish brown layers comprise most of the material

within ten feet of the surface and at least one five foot thick layer

about half way down in the cone. The red color is from post-eruption

oxidation of the ejecta deposits by rainwater filtering into the

cinder cone. The red layers inside the cone were probably oxidized

when the cone was inundated by rains between eruptions.

The ejecta consist of volcanic lapilli (4-64 mm) and bombs

(over 64 mm) that were explosively ejected as molten lava at the

vent of the cinder cone.

Three different types of bombs can be seen on the cinder cone.

Spindle-shaped bombs resulted from large masses of lava forming an

almond or teardrop shape which generally were flattened when they

hit the ground. They commonly have longitudinal fluting on the

sides. Less common are breadcrust bombs and, ribbon bombs (Mac-

Donald, 1972).



Figure 32. lieu of cinder cone from Haystack
cinder pits and large basalt flow
right flank). Slope of Tertiary

dome, displaying

(line of trees on
volcanics in distance.



The summit crater over the central vent is not plainly visible

as a result of erosion and blanketing of the crater rim by the large

lava flow. A faint outline of a circular alignment of nobby basalt

outcrops at the suimnit might indicate remnants of a crater.

Geomotphology

As a result of the porous nature of the unconsolidated ejecta

of the cinder cone, rainwater and snow meitwater filter through the

material so that there is no surface runoff. This has resulted in

a surface unscarred by gullies and stream channels, except on the

north flank.

On the north flank, extensive erosion between the two lava

flows and within the older small lava flow has carved two large

gullies into the cinder cone. These gullies seem to have formed

by runoff water flowing from the surface of the lava flow, par-

ticularly the smaller lava flow. These gullies are about 40 feet

deep and have eroded much of the small lava flow as well as a large

volume of the flank of the cinder cone.

Substantial erosion of the surface is also demonstrated by the

truncated layers of ejecta seen in the walls of the cinder pits.

The beds of cinders dip away from the center of the cinder cone

at angles greater than the slope of the surface (Plate 2). The thin

(one foot thick) soil layer at the surface truncates the beds at

angles of 10 to 10°.
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Structure

The cinder cone and the presumed vents of the basalt flows

are aligned, together with the volcanic Haystack dome to the south,

over the hypothesized location of the western fault zone of the horst

that traverses the thesis area (Plate 1). It is believed that the

fault runs directly beneath the cinder cone (Plate 2).

Petrography

The medium gray unoxidized rocks and the medium reddish brown

oxidized lapilli and bombs of the cinder cone consist of a highly

vesiculated, porphyritic, augite-bearing olivine basalt (Figure 33).

This basalt has a porphyritic hyalopilitic texture. The glass content

ranges from 30% in the center of bombs to 40% in the surface rinds

of ejecta. Porosity ranges from 35% in the center to over 50% near

the surface of the particles.

Plagioclase makes up 4% to 18% of the ejecta, with a composition

around An60. There are no plagiociase phenocrysts, and the micro-

lites ae between 0.1 mm and 0.3 mm long in these rocks. The olivine

content is 5% to 20%, while the augite content is 1% to 3%. Both

olivine and augite have phenocrysts up to 1.5 mm in length.

Petrological Conclusions

The cinder cone was most likely built up in a series of

eruptions over a central vent, because there are at least two lava

flows and several alternating layers of red and black ejecta. Each
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eruption of cinders and bombs was an explosive eruption, whereas

the emissions of the lava flows were probably quiet events.

Correlation

The cinder cone seems to be the oldest exposed Quaternary

volcanic unit in the thesis area west of Yellow Butte. The cinders

from the creation of this cone are absent from the surface of all

other units in the area except for the small lava flow on the cone.

Small Cinder Cone Basalt FlOw

Description

On the northern side of the cinder cone is the small lava flow

that erupted from near or at the summit of the cone. The present

areal form of this unit is a horseshoe-shaped crescent about 900

feet long and up to 550 feet wide (Plate 1). The flow is only 10

to 30 feet thick and descends 320 feet in elevation (Plate 2E).

It consists of dark gray scoriaceous basalt with olivine pheno-

crysts, weathering to pale reddish brown (Figure 34). Flattened

vesicles 1 to 5 mm long are found throughout the basalt. Most of

this unit resembles a caprock over two semi-parallel ridges of the

cinder cone ejecta. The outcrops are highly weathered and covered

with ash arid cinders from the cinder cone. None of the large

volcanic bombs present in the cinder cone debris are found on top

of this flow.

The lava is a very clinkery aa lavatype. This texture could
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Figure 3L. Small basalt flow on north flank of cinder cone.
View facing northwest toward Sheep Rock (background).



104

be either the surface or the basal flow breccia of the lava flow.

The jaggedness of the clinkers would seem to indicate an upper

surface, but the intensive erosion of this presently thin unit and

the visible bottom contacts indicate that the exposed outcrops were

part of the basal breccia of the flow.

Geomorphology

The horseshoe configuration of this flow is the result of post-

eruptive erosion of the flow and the underlying cinder cone ejecta.

The gully eroded the center of what was probably a single flow lobe,

eventually through the bottom of the flow, and thence into the

unconsolidated ejecta below. In this manner, stream gully erosion

of the ejecta encroached upon the basalt flow unit from the internal

ravine as well as the trenches around the perimeter of the flow.

There has been extensive erosion of this unit down to a

thickness of less than 30 feet, with a relief of up to 10 feet. The

erosion has erased all traces of any original surface features,

leaving only a weathered clinkery surface. Local accumulations of

eolian ash and dust, mixed with fluvial deposits of air-fall cinders,

fill in all of the low areas of the flow.

Fetrograp1y

Thin sections of this basalt flow rock reveal that it is a

highly vesicular, augite-bearing olivine basalt (Figure 35). The high

porosity averages 60%, with vesicles up to 5 mm in diameter. The

texture of this rock is porphyritic, with subhedral phenocrysts of
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Figure 3. Photornicrograph of scoriaceous augite-bearing
olivine basalt from small cinder cone flow,

showing augite (a) and olivine (o) phenocryst.3
and large vesicles. Crossed nicols.

0
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olivine, augite, and plagioclase in a hyalopilitic matrix of fine-

grained inicrolites in a glassy matrix.

The glass and plagioclase together make up about 16% of the

basalt. The plagioclase has an An62 composition and forms laths

up to 0.2 mm in length. Olivine and augite make up 13% and 0.5%,

respectively, of the basalt, with phenocrysts up to 1 nun in length.

The glass has been devitrified to clays.

Petrology and Correlation

This aa flow probably emanated from the north flank, near the

summit crater, of the cinder cone. The intense dissection of this

unit makes an exact determination of the source impossible.

The volcanic lapilli found on top of this scoriaceous basalt

flow indicate that there was at least one eruption of cinders

subsequent to or simultaneous with the extrusion of lava.

Large Cinder Cone Basalt Flow

Descrtion

Descending the northwest and northeast flanks of the cinder

cone are two large lobes of one lava flow (Plate 1). They were

discharged from the central vent and flowed out over the east and

west sides of a summit crater and advanced to the base of the cinder

cone (Plate 2A).

The northeastern flow lobe extends 1800 feet down the flanks

of the cone, dropping 360 feet in elevation. The width of the flow

increases from 200 feet at the summit to 850 feet near the end of the
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flow at the base of the cone. The thickness of the flow increases

from about 15 feet at the top of the cone to about 70 feet at the

lower elevations. The eastern lobe dips only 5° where the flow

crept across the top of the cone but averages 20° for the thicker

and wider sections at the lower elevations. The middle part of the

lava tongue rose relative to the levees, eventually rising above

them to form a convex aa lava flow tongue. The height of this part

of the flow reaches 60 feet above the surface of the cinder cone.

This flow lobe has large-scale pressure ridges on its surface which

are readily seen on aerial photos.

This northeastern lobe most likely flowed down a gully,.

especially at its lower elevations, where the remains of the gully

separate this flow from the ridge capped by the small lava flow of

the cone. By following a stream bed, the lava changed flow direction

from eastward at the summit to northeastward in the lower part of the

ravine.

The western flow lobe drops more than 590 feet in elevation over

its 1600 foot length on the northwest side of the mountainS The lobe

starts out near the crater about 250 feet wide and dipping only 10°.

Only a few hundred feet from the crater, it becomes an extremely

steep (40°) lava cascade with an aa texture. The levees and the

semi-planar joints disappear when the slope increases, and the flow

becomes an irregular convex flow. Near its base, the flow lobe

widens to 600 feet while its dip shallows to under 30°. Except for

a 10-20 foot thickness near the crater, the flow is about 60 feet

thick along its entire length.
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The porphyritic basalt is medium dark gray and displays abundant

large, white plagioclase phenocrysts. Sparse vesicles, up to 3 mm in

diameter, commonly are filled with zeolites.

The uphill third of each of the lava lobes clearly exhibits

well-developed lava flow levees on the margins. These levees are

up to 10 feet high and 15 feet wide. They are present on both sides

of the lava flow, but are the highest on the outside of the curve,

that is the southeast border, of the northeastern flow lobe

(Figure 36).

The inside surfaces of the lava levees are coated with a thick

layer of pahoehoe lava, much 1ke the floor of the flow between the

levees. This pahoehoe layer, in effect the upper half of the levee,

has concentric platy jointing that parallels the basal contact of

this part of the flow (Figure 36). Within just a few feet, they

curve from horizontal on the floor of the flow up to angles of

about 60% (dipping toward the center of the flow) at the lateral edge

of the flow.

The lower parts of the levees consist of frozen lava rubble

resembling aa lava. This rubbly basal part of the levees is up to

eight feet thick and exhibits no planar jointing.

The levees of the upper parts of the flow border an elongate,

linear trough across the top of the cinder cone.

Geomorpho10

The lobes of this lava flow are generally very fresh looking,

with little noticeable erosion. Being surrounded and underlain by
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Figure 36. Lava levee at edge of large cinder cone basalt
flow, displaying smooth pahoehoe layer (left)
overlying basal flow breccia (right).
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porous ejecta deposits, it has not been subjected to much fluvial

erosion, except by those streams that form on its surface.

Deposits of eoliari ash and pumice have filled in pockets and

depressions in the surface of the flow, especially in the 1000 foot

long "trough" near and in the summit crater. At the base of both

flow lobes, there are thick accumulations of eolian deposits layered

with some fluvial deposits from the surface of the lava flow.

Petrogry

Petrographic thin sections of this lava flow rock reveal that

it is a porphyritic olivine- and augite-bearing basalt (Figure 37).

Glass makes up about 35% of the basalt and contains aligned

plagioclase and augite crystals in a fluidal texture. The pheno-

crysts are subhedral and are embedded in a hyalopilitic matrix.

Nicrovesicles, which make up 5% to 25% of the basalt, are less than

0.5 mm in diameter.

This basalt contains about 40% plagioclase crystals with an An69

composition and phenocrysts up to 2 mm in length. The rock also

contains about 4% olivine and 7% augite crystals between 0.1 mm and

1 mm in length, with the larger crystals tending to be glomerophyric.

There is also about 3% magrietite.

Petrology and Correlation

This flow was extruded from the summit crater and flowed down

the northwestern and northeastern flanks of the cinder cone. It is

part of the cinder cone complex and was probably erupted very soon

after the cone had formed and the smaller lava flow was emitted.
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Oxidized Basalt Flow

Description

Extending northward into the thesis area from the northern

flanks of Mt. Shasta is an extensive pale red basalt flow (Plate 1).

This highly oxidized flow covers at least four square miles,

although only about 1.5 square miles of it lie within the thesis

area. This lava, flow is up to 1.5 miles wide in the vicinity of

the Haystack dome (Figure 38).

The surface of the oxidized lava flow consists of tongues,

levees, and pressure ridges of lava that reveal flow directions and

patterns on aerial photographs. The general pattern of the terminal

part of the flow that lies within the thesis area consists of tongues

of lava fanning out in a distributary pattern.

The lava levees are very pronounced and up to 100 feet high

south of the thesis area, but are only 10 to 20 feet high in the

thesis area. They are parallel to the N. 30° w. flow direction of

the lava. The pressure ridges are perpendicular to the flow

direction and are much less pronounced than the levees. Both of

these features have been deeply dissected by erosion and are almost

entirely covered by soil and vegetation.

The base of the lava flow is exposed where the flow laps high

onto the southwest edge of Yellow Butte. The basal few feet of the

flow are brecciated. The presence of a paleosoil or any platy

jointing cannot be detected because of the extensive weathering of

the outcrops. There are a few xenoliths of quartzite present above



113

P1uto

'/
;

' / /
/ /

/
'j/ '/

'

ized ade1'-
salt flow

_hypr3th.n.- and
eat'tng and.e1t1 b*3alt

Mt. ha!ta
Skastina %

o 1 2 peak

Scale (1les)

Figure 38. Location of LaTa Flows from the North Flank o1
Mt. Shasta (From tJZ. Department of Agriculture
Aerial Photographs,. 1975)..



114

the contact, indicating that the lava flowed over exposed Yellow

Butte metamorphic rock for at least some distance.

Geomorphology

This oxidized lava flow is highly eroded, with all small scale

characteristics of the lava flow totally eroded or covered up, but

with large scale lava flow features still visible.

Outcrops of the oxidized flow can be seen more than 200

vertical feet up the southwest side of Yellow Butte. The surface

of the flow was probably originally up to that elevation, but rain

and snow melt water flowing off the relatively impermeable and

steep Paleozoic Yellow Butte rocks have eroded a deep, wide gully

in the lava flow rock. This high rate of erosion adjacent to

Yellow Butte has left only a thin veneer of oxidized lava over the

Paleozoic basement rocks (Plate 2A).

A similar process has eroded a circular trench into the

Oxidized flow around the base of the Haystack dome. The water

that eroded this ravine came from the very steep sides of the Hay-

stack dome and drained out to the west. This ravine is from 20 to

60 feet deep and up to 200 feet wide. It appears to be incised

into only the flow rock, arid not the dome rocks, for the flow rock

is present on the northwest side of the dome 200 feet above the

bottom of the ravine.

It is evident from the extensive erosion of parts of this flow

that the original extent was much larger. The original thickness

of the flow in the vicinity of Yellow Butte, as indicated by its
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presence high up on the flanks of Yellow Butte, would have been

possible only if the flow extended much farther to the north. The

existence of concentric ridges to the southeast of the cinder cone

would seem to indicate that lava flowed around the cone on both

sides, thus the flow should have extended farther to the north here

too. The absence of the northernmost areas of this flow can be

explained by extensive erosion of the soft oxidized basalt and the

superposition of the Recent Pluto Cave basalt flow.

Petrography

The oxidized basalt flow consists of oxidized hypersthene and

augite-bearing basalt (Figure 39). The flow rock displays a por-

phyritic hyalopilitic texture consisting of plagioclase, hyper-

sthene, and augite in a glassy groundmass. The inicrolites and most

of the elongated vesicles are in parallel orientation, forming a

fluida). texture.

The generally elongated vesicles make up between 20% and 40%

of the rock. This high porosity contributes to the very light

weight and the vex-i high permeability of the flow rock.

The glass content is about 30% of the rock, almost all of which

is extensively altered to smectite, particularly nontronite, thus

accounting før the characteristic color and brittleness of the rock.

Plagioclase makes up about 30% of the flow rock, almost all of

it as microlites less than 0.1 mm long. There are very rare large,

oscillatory zoned, subhedral phenocrysts of plagioclase up to 2 mm

in diameter. The plagioclase is labradorite, with a composition of

An.
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Hypersthene and augite are present as large phenocrysts. The

augite crystals make up about 6% of the rock by volume, with crystal

sizes ranging from 0.3 to 1.5 im in length. The hypersthene pheno-

crysts are 0.2 to 3 mm long and make up 2% of the rock. There is a

tendency for these subhedral pehnocrysts to be clumped together in

a glomerophyric texture. Na.gnetite makes up about 2% of the rock.

Unlike the glassy matrix, there is no noticeable alteration of the

crystals in the rocks.

?etrologic Conclusions

The oxidized lava flow was emitted from the north flank of

Mt. Shasta at least three miles south of the thesis area, although

the exact location is buried by a glaciofluvial fan.

The extensive oxidation of this flow that imparts to the rock

the distinctive pale red color is present in every outcrop examined,

indicating that it extends at least several feet down into the flow.

This oxidation is probably the result of extensive chemical weathering

of the baa1t by water filtering down into the rock.

Some deuteric alteration of the flow might have occurred during

cooling. The presence of medium-sized vesicles making up 20% to 40%

of the rock demonstrates that gases were emitted from the lava flow,

and could have begun the oxidation process as the lava cooled.

Correlation

The pale red oxidized basalt flow is younger than the cinder

cone and its associated flows, for the flow partially surrounds the
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cinder cone on its southern side, forming concentric pressure ridges

parallel to the contact on the southeast side of the cinder cone.

This is probably the result of lava moving around the cinder cone

obstruction.

The oxidized flow appears to be older than the Haystack dome,

as indicated by at least one outcrop showing massive oxidized flow

rock underlying platy Haystack dome basal rock.

Haystack IDon'e

Description

Lying in the southwest part of the thesis area is a large volcanic

dome called Haystack dome (Plate 1). This steep-sided andesite dome

rises about 350 feet above the subjacent oxidized basalt lava flow,

onto which it was erupted (Figure 40). The nearly circular dome is

about 1700 feet in diameter at the top of the dome and 2700 feet at

the base (Figure 41).

The distinctive flat top changes abruptly into cliffs at its

edge. Nearly vertical escarpments of grayish orange andesite make

up the upper half of the flanks of the dome and contain almost all

of the exposed outcrops.

The lower half of the flanks of the dome are talus slopes of

crumble breccia. These talus slopes of ash- to cobble-sized debris

have about a 400 angle of repose (Plate 2).

Haystack dome exhibits an internal structure most likely con-

sisting of a series of concentric layers, a result of the endogenous

nature of the dome formation (Williams and McBirney, 1979). The
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Figure LLO. Yellow Butte (center left) and Haystack dome
and cinder cone (center right) at the base of
Mt. Shasta. View facing south across the Pluto
Cave basalt flow.

Figure I. View of Haystack dome from Yellow Butte. View

facing west, towd (larnath Noutins (background).
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internal flow features in this dome are revealed by joints dipping

toward or away from the center of the dome, and as nearly hori-

zontal piaty jointing, between 0.2 and 2 inches apart, around the base

of the dome. The exposures on this dome are not extensive enough

to determine any recognizable pattern beyond this.

There are some remnants of the original brecciated surface on the

prevailingly ash-blanketed top of Haystack dome. There are

several outcrops where the gradual transition from the outer

brecciated surface to the massive interior andesite can be seen.

The nearly vertical joints that radiate from the center of the

dome (Plate 1) are best seen in the well-exposed outcrops on the

lateral scarps.

The platy jointed basal part of the dome lies lirectly over a

cobble-rich paleosoi]. that was formed over the subjacent oxidized

basalt flow. Most of the cobbles in this one foot thick layer are

between 0.5 and 6 inches in diameter. The contacts and the paleosoil

layer dip toward the center of the dome at about 20° on the north-

west side of the dome.

The Haystack dome consists almost entirely of grayish orange

pink oxidized andesite. There are a few isolated outcrops of un-

oxidized light gray andesite on the top of the dome.

Geomcrpholog

Thick eoiian deposits of ash and pumice cover the nearly fiat top

of the dome, obscuring almost all of the original surface features.

The few outcrops with a brecciated texture indicate that most of the

original surface of the soft andesite rock has been eroded away.
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The large outcrops that make up the cliffs of the dome have

undergone extensive erosion. Radiating vertical joints have been

exposed by this deep dIssection, and furrows up to 100 feet wide

have been incised along these joints. Between these gullies, ribs

of rock radiating from the center of the dome protrude up to 80

feet.

The nearly omnipresent red color of the andesite appears to

have been created by chemical weathering of the outer rocks of the

dome. Rain and snow melt water seeped into the permeable rock,

causing devitrification o the glass. The few outcrops of light

gray basalt on the top of the dome might have escaped alteration

because of a protective cover of ash and dust.

Structure

Haystack dome appears to have been extruded from a central vent

that is located on a fault (Plate 1). Evidence for this is not con-

clusive, but the dome and the nearby cinder cone complex are aligned

with the exposed sections of the western fault zone of the host

which traverses the thesis area.

Petrogrgh

Both the predominant grayish orange pink andesite and the rarer

light gray andesite rocks are porphyritic augite- and hornblende-

bearing mafic aridesite (Figure 42). The andesite has a hyalopilitic

texture, as well as a fluidaJ. texture. The rock of Haystack dome

has a porosity of between 10% and 20% of the volume of the rock, with

vesicles less than 0.5 mm in diameter.
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Glass makes up about 50% of the rock. In the pink andesite, the

glass has been totally devitrifled whereas in the gray andesite, the

glass has been partly altered to sericite and clays.

The plagioclase content is about 33%, almost all of which is in

the form of microlites less than 0.2 mm in length. There are a

few oscillatory zoned plagioclase phenocrysts, up to 1 flUfl in length,

with a labradorite composition of An63.

Subhedral hornblende crystals make up about 5% of the rock, with

crystals up to 1.2 mm in length. The hornblende classifies the dome

rock as andesite. The hornblende is pleochroic yellow and brown,

indicating that it is an oxihornblende. This is common in the

volcanics of erogenic belts such as the Cascade Mountains, where

ascending magma underwent a negative pressure change, creating

chemical instability. This caused the hornblende to lose water

and oxidize into oxihornblende, unless there was rapid quenching.

Haystack dome apparently did not cool rapidly, as a result of its

great thickness, which resulted in a total conversion of hornblende

to oxihornblende. Much of the oxihornblende in this andesite dome

has been chemically altered to oxidized biotite by percolating water,

especially in the pink oxidized rock.

The augite content is about 1%, with crystals up to 0.5 mm in

length. The andesite also typically contains about 2% magnetite.

Petrology and Correlation

The lava that formed this endogenous dome was extruded as very

viscous flows that congealed over and around the vent. The various
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joint sets of the Haystack dome can be explained by multiple erup-

tions of this type of dome, for each eruption would have created a

lava rock body with unique jointing characteristics.

Haystack dome is most probably younger than all other Quaternary

volcanics in this thesis area except the Pluto Cave basalt. There

are no contacts between the Pluto Cave basalt flow and the dome, but

the freshness of the surface features of the Pluto Cave basalt flow

indicate a more recent eruption.

Pluto Cave Basalt Flow

Description

Occupying one half of the thesis area is a large, recent,

pahoehce lava flow (Plate 1), called the Pluto Cave basalt

(Williams, 1949). The rock is a vesicular, medium dark gray,

olivine augite basalt that weathers to a pale yellowish brown cclor.

This basalt flow originated low on the northeast flank of Mt.

Shasta, at the northern terminus of the main north-trending

fissure of the mountain. The lava flowed north and northwest

through the thesis area, where about five miles of the total 19

mile length of the flow are present. The width of the flow broadens

from two miles to four miles within the thesis area (Figure 2).

The Pluto Cave basalt flow is at least 460 feet thick in the

thesis study area, as indicated by the drilling logs of numerous

water wells. Besides thinning at its edges, the thickness of the

flow is quite variable because the flow is composed of several flow

units of different thicknesses and extends. Such variations have had
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a strong influence on the location of roads in the thesis area,

particularly that of Route Al2 (Plate 1).

Another cause of abrupt changes in the thickness of the lava

flow, and therefore the surface topography, is the presence of

numerous "steptoes", or isolated suimmits of older basalt, around

which the Pluto Cave basalt lava flowed. On the "upflow" side of

the steptoes, the flow is usually five to 30 feet thicker than the

"downflow" side, because of the local danning up of the lava river

at these obstructions. On the southern, upflow, side of the mile

long basalt ridge in the center of the thesis area, the surface

of the Pluto Cave lava flow is up to 100 feet higher in elevation

than that on the northern side of the ridge (Plate 2E).

Another result of the damming effect of this ridge is the

presence in two low areas on this ridge of basalt lava that had begun

to flow over it (Plates 1 and 2). The lava flowed into these passage-

ways until the lava solidified enough to stop flowing before either

tongue of lava reached the base of the north side of the ridge.

Another lava cascade, much larger and complete than those just

mentioned, exists between two steptoes of older basalt one mile

east of Yellow Butte. The Pluto Cave basalt appears to have flowed

over a west side up fault scarp, undergoing an abrupt 130 foot drop

in elevation. The local change in texture to an aa lava type as a

result of the increased loss of volatiles at this scarp is very

evident, for the smooth pahoehoe textures becomes a jumble of

clinkery rocks in a distance of only a few yards.

Another possible lava cascade extends for about 1.5 miles north

of the cinder cone. This occurs over a hypothesized east side up
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fault scarp at the western fault zone of the horst (Plate 1).

The texture of the surface of the lava flow becomes an aa type where

the flow descends over 200 feet in elevation in a distance of a

quarter mile.

Scattered along the surface of the lava flow to the north and

northwest of the cinder cone are numerous tumuli up to 35 feet high

and 800 feet wide (Plate 2C). Tumuli are common near obstructions

such as the cinder cone and near the edges of the flow.

There also are many pressure ridges on the surface of the

Pluto Cave basalt flow. These elongate ridges occur near the lateral

edges of the flow and are up to 1500 feet long. Pressure ridges

commonly grade into tumuli, the difference being the areal shape of

the features.

The characteristic longitudinal crest fractures of the pressure

ridges and tumuli are commonly up to 15 feet wide and are of an un-

known depth, for they are almost filled with eolian deposits of

volcanic dust and ash. There are other distinct fractures oriented

at high angles with the medial fissures.

The glassy skin of the lava flow is a few inches thick and

has a smooth surface that is usually folded into a pahoehOe ropy

texture. These "ropes" grade downward into massive, featureless basalt.

The ropy and festooned crust is an indicator of the local direction

in which the lava surface moved before freezing. A large number of

these flow direction indicators were recorded in order to determine

the general direction of flow (Plate 1).
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Vesicles within the ropy, glass-rich crust of the flow are

commonly stretched out into disc shapes parallel to the undulating

surface, while those just below the glassy skin are almond-shaped

vesicles usually parallel to the direction of flow. Further down

in the flow, there is a highly vesiculated layer, three to six

inches thick, rich in large spherical vesicles up to an inch in

diameter. Most of the vesicles are filled with zeolites and

calcite. This vesiculated surface layer grades down into pro-

gressively less vesiculated basalt. There are very few large

vesicles more than four or five feet below the surface of the flow.

About six feet beneath the surface of the flow, the rock begins

to exhibit crude columnar jointing. Vertical columns form rough

four- to seven-sided polygons about a foot in diameter. The

polygonal form and vertical jointing are best defined deep in the

flow and can be seen in the fault scarps, gully walls, and walls

of caves formed by collapse of lava tubes. Other joints, formed

roughly perpendicular to the vertical jointing, tend to break the

columns.

At the base of the lava flow, the massive and columnar jointed

interior of the flow grades into a basal flow breccia six to twelve

inches thick (Figure 43). The base is highly irregular and includes

many Tertiary volcanic cobbles.

The high porosity and the numerous shrinkage fractures make

the basalt lava rock very permeable, enabling all precipitation,

snow melt, and excess irrigation water to sink into the flow. The

empty lava tubes, joints, basal breccia layers, and contacts between
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Figure LL3. Erosional scarp (near Sheep Rock) at edge of Pluto
Cave basalt flow, displaying basal flow breccia
ncon.forTnably overlying Tertiary laharic breccia.
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the multiple flow units (Nichols, 1936) provide pathways for the

groundwater to flow beneath the surface of the lava flow. This high

permeability and great areal extent of this flow make it an effective

aquifer.

Lava Tube Caves

The Pluto Cave basalt flow has five lava caves (Figure 44).

The lava tube caves have arched roofs and walls with stalactites

derived from molten lava that solidifie.d as it was dripping from

the sheath wall.

The lava sheath of each tube consists of accreted layers of

lava (Figure 44). These layers are fractured by sets of radial

joints prependicular to the layers, each one transecting only one

sheath layer. There also are concentric joints that parallel the

surface of the sheath which enhance the tendency of the roofs to

cave in, creating irregular piles of rubble on the floor of the

lava tube.

Except for these common characteristics, the five known lava

tubes in the thesis area are quite dissimilar.

The Pluto Cave lava tube is the largest cave. It is over 40

feet in diameter for most of its accessible 1200 foot length, with

the height of the cave locally reaching 80 feet (Figure 45).

The entrances to the Pluto Cave lava tube are a series of

collapsed roof sections (Figure 44). There are three caves between

100 and 250 feet long and about 35 feet wide (Figure 45). There also

is a smaller circular "window" about 30 feet in diameter farther
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Figure Wa.. trance to Pluto Cave, exposing crude colwnnar

jointing and lava sheath to view.
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downflow from the "sinkholes".

The roof of the lava tube in the vicinity of the caves is

about 20 feet thick and consists of characteristic glassy, vesicular,

and columnar jointed layers of basalt overlying a four foot thick lava

tube sheath.

Because of the extensive roof collapse, most of the cave

ceiling does not exhibit any lava stalactites. Parts of the roof

and most of the wall surfaces have small angular stalactites and

pull-away features characteri,stic of pahoehoe lava tubes (Green and

Short, 1971)

Sections of the walls of the tube where the lava sheath has

collapsed show at least four superimposed f1 units, as indicated

by basal flow breccias separating thick layers of massive basalt.

These flow units are between eight and 25 feet thick, with basal

flow breccias up to four feet thick. There is no paleosoil between

these flow units, indicating they were formed penecoritemporaneously.

The floor is covered by thick irregular piles up to 40 feet

high consisting of angular blocks up to 15 feet in diameter that

fell from the roof. At the terminus of the accessible section of

the cave, a pile of this rubble reaches to the roof, blocking further

entry. Deposits of eclian volcanic dust several feet deep have

accumulated on the floor of the lava tube near the "sinkhole"

entrances.

The first 1200 feet or so of the lava tube trends roughly N.

600 W., which parallels the predominant flow direction of the lava

in this area. There is what appears to be a "sinkhole" along the
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same alignment about 1800 feet northwest of the northwesternmost

cave. This circular surface feature is about 15 feet deep and 100 feet

in diameter and is probably a surface manifestation of a collapsed

section of the Pluto Cave lava tube.

Pluto Cave was discovered in 1863 and for years was avidly

explored by local residents and well known explorers such as John

Muir. Early visitors found large piles of mountain sheep horns

and bones "in a recess some distance in the cave". It is believed

that the local Modoc Indians hunted the sheep near the cave

entrance, where the animals stayed during hot summer days, and left

the bones and horns after skinning the sheep inside the cave. There

is no evidence that the Indians ever lived in the lava caves in

northern California, but they often used them as storage or burial

space (Wells, 1881).

The second largest lava tube in the thesis area is the "Road

Cave", so called because a new entrance to a previously unknown

part of the tube was unexpectedly created by a heavy truck during

construction of Route Al2 (Plate 1). This lava tube is unusual in

that it has two levels, separated by a lava terrace (Figure 45).

This terrace was formed by the freezing, to about a two foot

thickness, of the surface of a lava river that partially filled the

tube. Subsequent draining of the lava river left the two foot

thick crust suspended in the middle of the empty tube. There is one

collapsed area about eight feet in diameter which provides passage

from the lower chamber to the upper one.
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The lava tube is about twenty feet in diameter and is accessible

for about 600 feet along the N. 85° E.-trending tube. The roof and

walls have short stalactites and angular pull-away features up to

two inches long. At least three lava flow units can be seen on

the walls where the lava sheath has collapsed.

About 150 feet S. 50° W. from the entrance to this cave is a

northeast-trending elliptical "sinkhole", with vertical walls only

three feet high, which is undoubtedly a result of collapse of the

lava tube (Plate 1).

About 200 feet from this feature is the newly created cave

opening into the inaccessible eastern part of the lava tube, which

also trends in a S. 500 W. direction.

The smallest lava tube cave is located near the scarps of the

western fault zone in the Pluto Cave basalt flow (Plate 1). The

tube trends S. 10° W. away from the opening. The tube is up to

nine feet in diameter, about thirty feet long, and is closed off

at both ends by collapsed roof rubble.

Wind Cave and Owl Cave are aligned in nearly east-west

directions only 1700 feet apart and could be related to each other

as separate parts of the same lava tube system (Figure 46).

Owl Cave is a large elliptical "sinkhole" in the Pluto Cave

basalt flow where the basalt flowed between two steptoes of

older basalt rock (Plate 1). The cave is about 80 feet wide,

110 feet long, and aligned in a N. 80° w. direction. The cave is

up to 70 feet deep and entry into the adjacent lava tube has been

blocked by extensive collapse of the roof.
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The 100 foot long Wind Cave trends east-west and is small because

it is almost entirely filled up with a solidifiedlavariver.

The floor of this lava tube cave consists of very smooth

pahoehoe lava that has frozen less than six feet below the ceiling

of the tube. There are several cooling fractures on the cave floor,

the major set being parallel to the length of the cave and the

direction of lava flow. There is one area of concentric ropy

pahoehoe features that indicate a westward flow of the lava river.

At the contact of the floor with the sloping cave roof there are

"lava curbs" (Green and Short, 1971), which are cylindrical ridges

of lava about eight inches high (Figure 46). These were probably

formed by lava squeezing up around the edges of the frozen crust,

following the zone of weakness at the contact between the crust

and the tube wall. The contact of the sloping roof with the cave

f1oor around the perimeter of the cave indicates that this part of

the lava tube was probably a "bubble" in an arching lava tube

(Figure 46).

Smooth rounded lava stalactites up to three inches long and

bats up to four inches long hang from the ceiling. There are several

one inch tall lava stalagmites on the smooth floor of the cave

directly beneath stalactites.

At the eastern end of the cave, the chamber splits into two

parts (Figure 46) where lava tube tributaries merge to form a single

tube. This confluence was probably formed where lava converged in

order to flow around the north end of Yellow Butte.
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Two other tributaries enter the main chamber on the south side

at almost right angles to the length of the cave. These small

grottoes were also formed by converging lava tubes and are almost

filled by the lava river. One grotto is 20 feet long and four feet

high and the other is 15 feet long with only two feet between the

lava river surface and the cave ceiling.

Wind Cave has a colorful history. It is so named because of the

cool wind that issues from the mouth, which was at one time strong

enough to put out early explorer's torches as they entered the cave.

When the nearby Yellow Butte Copper Mine was in operation, the cave

opening was sealed and a crack through the cave roof was used to

supply a draft to a tool-making forge during the day! Several years

later, when the first railroad from Weed to Klamath Falls was

constructed in this vicinity, the Italian railroad laborers are said

to have used the cave as a wine cellar (Brown, 1961).

Geornorphology

Between the basalt flow and the Tertiary volcanoes to the

northeast, there is a large gully that has been eroded into the

unconsolidated debris of the alluvial fan and the northern edge of

the Pluto Cave basalt flow, forming a scarp up to nine feet high

(Figure 43).

Another ravine, formed by headward erosion, lies between the

cinder cone and Haystack dome. Since the Pluto Cave basalt flowed

about half way down the short canyon between the two small volcanoes,

much of the basalt has been eroded backby undermining and collapse,

I into a 15 foot high scarp.
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A third ravine has been eroded into the interior regions of the

Pluto Cave flow only a few hundred feet north and northeast of the

basalt ridge in the northern part of the lava flow (Plate 1).

This is a generally shallow gully that drains the eastern part of

the thesis area. The banks of the streaxnbed are modestly sloping

in the westward, or downstream, part of the gully. The walls

become fairly steep and high as the ravine passes through the

relatively high relief fault scarp area. The upper part of the

gully east of the faults is a generally N. 800 W. -trending canyon

called Rattlesnake Canyon. The canyon is about 1500 feet long

with vertical walls between six and 20 feet high.

Throughout the rest of the Pluto Cave basalt flow, there is

very little large scale erosion. There has been extensive eolian

deposition of volcanic dust, ash, and pumice pebbles in almost

every depression.

In the southwest part of the thesis area, there is a glacia-

fluvial fan lying over the southern margin of the Pluto Cave basalt,

obscuring the true lateral extent of the flow.

Structure

The two fault zones bounding the horst of the thesis area are

readily seen in the Pluto Cave basalt flow. The eastern fault zone

can be traced across the entire width of the flow, while the

western fault zone is clearly seen Only at the northern edge of the

flow and must be extrapolated to the south (Figure 47).

The eastern fault zone consists of one or two parallel vertical
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Figure !7. Fault scar (right) aligned with Mt. Shasta.
Hypothesized faults shown by dotted lines.
View facing south.
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faults trending between N. 13* W. and N. 28° W., except where it con-

sists of four faults in the northern part of the Pluto Cave flow

(Plate 1). These vertical faults are west side up, as established by

the fault scarps in the northern part of the basalt flow, which

are up to eight feet high (Figure 47).

The faults of the eastern fault zone also are well defined by

linear trenches that traverse the southern part of the Pluto Cave

basalt flow. These furrows were formed by preferential erosion of

the crushed rock along the fault, but are now filled with eolian

deposits. Apparently the post-flow movement of this part of the

fault zone has been much less than that which occurred further

north.

The western fault zone of the horst most likely traverses the

Pluto Cave basalt flow, but fault scarps are only recognizable in

the northernmost part of the flow (Figure 48). This nearly north-

trending part of the fault has east side up fault scarps up to 25

feet high, although the movement along most of the scarp has been

less than ten feet.

The western fault zone is believed to continue south for at

least three miles, to the cinder cone and Haystack dome, although

no fault scarps can be detected in the Pluto Cave basalt. The fault

probably formed an east side up fault scarp before the basalt flow

blanketed the area. This scarp is a likely cause of the rapid

westward drop of the surface of the Pluto Cave flow along a north-

trendingline for 1.5 miles north of the cinder cone, interpreted

as a large scale "lava cascade' in the basalt flow (Plate 1). The



Figure b8. Fault scarp in Pluto Cave basalt flow. Eolian
dust and ash deposit on left. View facing north.
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height of the pre-flow scarp must have been considerable, for the

elevation drop and the location of the hypothesized scarp were

not totally oblitereated by the over 400 foot thick basalt flow. The

occurrence of a pre-flow scarp bordering the horst here is supported

by the presence of similar scarps in the Tertiary volcanics farther

to the north.

Approximately one mile east of Yellow Butte is a third fault

in the Pluto Cave basalt flow; the one detectable fault in the thesis

area that is not directly related to the horst. It is apparently

east side up and created a fault scarp in the older basalts before

the area was inundated by the Pluto Cave basalt flow, which created

a 1400 foot wide lava cascade.

Petrograpy

The Pluto Cave flow consists of a fine-grainec3. olivine augite

basalt. The texture of this generally vesicular basalt grades from

hyalopilitic, in the glasay rind at the surface (Figure 4), to

diabasic in the almost thoroughly crystallized interior (Figure 50).

The porosity ranges from 10% to 30%, with vesicles ranging in

size from less than 1 mm in the interior of the flow to over 5 mm in

diameter in the vesicular basalt near the surface. Most of the

vesicle near the surface are filled with zeolites. The vesicles

in the interior displaying a slightly diktytaxitic texture, where

some of the minerals crystalizing in the basalt grew into the vesicles.

The glass content also varies with respect ta proximity to the

surface, ranging from as low as 2% in the interior to 20% in the

glassy rind at the surfaceS
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1mm

Figure L9. Photomicrograph of surficial basalt from Pluto Cave
basalt flow, showing glomerophyric olivine and augite
phenocrysts and large vesicle. Crossed nicole.

Figure 0. Photomicrograph of basalt from interior of Pluto
Cave basalt flow, displaying diabasic texture with
olivine, augite, and plagioclase phenocrysts.
Crossed nicols.

0
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The mineral content of the lava rock also varies according to

depth in the flow, because of varying glass content (Figures 49 and

50). In the interior of the flow, the plagioclase content is abOut

55%, with subhedral crystals up to 1.5 mm in length. At the surface

of the flow, the plagioclase content is only around 33%, with

crystals less than 1 mm long. The plagioclase crystals are unzoned

prisms of labradorite (An61).

Augite makes up 12% ana olivine 6% of the rock near the surface

of the lava flow. They are present as subhedral to euhedral crystals

up to 0.5 mm in size in a glass and plagioclase groundxnass. In the

interior of the flow, the augite content is about 18% arid the

olivine content is about 9%, present as subhedral crystals up to 0.5

mm in size embedded in a plagioclase matrix. Magnetite makes up 4%

to 7% of the rock.

The surface of the lava tube sheaths ezhibit characteristics

that resemble neither the interior nor the surface of the flow, but

intermediate traits. The sheath surface consists of 42% plagioclase,

15% augite, 8% olivine, and 8% glass1 with a porosity of 25%.

Correlation

The Pluto Cave basalt is the youngest bedrock unit in the thesis

area. The only other unit that displays relatively fresh surfaces is

the large basalt flow in the much older cinder cone complex lapped by

the Pluto Cave basalt. The Pluto Cave flow is believed to be Recent

because of its lack of well developed soil and glacial moraines

farther up the flow on the northeast slope of Mt. Shasta.
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The only extensive folding of rocks in the thesis area is in

the metamorphic rocks in Yellow Butte, which have undergone at least

two episodes of folding. The north-trending, vertically dipping

metasedimentary sequence found in Yellow Butte was probably deformed

in a limb of a large fold. This folding indicates th4t there was

extensive east-west compression of the Klarua.th Mountain rocks,

probably as a result of the Paleozoic collision, subduction, and

imbricate thrusting of oceanic plates.

A secondary folding event also occurred on a large scale, but

with folds much smaller in size and intensity than the primary

folds. This lesser folding is seen as a warping of the vertically

dipping metasedimentary sequence along the length of Yellow Butte

(Plate 1).

There is some folding of the Cretaceous sandstones (Plate 2).

This is probably the result of drag along the faults of the horst.

Tectonic Tilt

The Late Cretaceous and Middle Tertiary rocks of the thesis

area have been tectonically tilted since their formation. The

Cretaceous sandstones are inclined to the northeast at 20° to 40°

dips, while the Tertiary beds are tilted to the east and northeast

between 5° and 20° (Plate 2). These dips are similar to those found

in Cretaceous units and Tertiary volcanics along the eastern edge of
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the Kiatnath Mountains in northern California and southern Oregon,

and are believed to be the result of the uplift of the Klaxnath

Mountains. It is probable that there also was subsidence of the

Cascade iountains region as a result of the accumulation of thousands

of feet of Western Cascade and High Cascade volcanics.

Near the Oregon-California border, there is conclusive evidence

that the dips of the Cretaceous and Tertiary sequences shallow farther

away from the Kiamath Mountains. They become almost horizontal

where buried by the High Cascade volcanics (Elliot, personal

communication, 1981). That is apparently not the case in the

rocks near the thesis area, for the Cretaceous. and Tertiary beds in

the thesis area exhibit dips similar to analogous sequences

adjacent to the Kiamath Mountains. This is true even though the

thesis area rocks are farther away from the Klamath Mountains than

the nearly horizontal beds near the Oregon border.

Horst

Traversing the thesis area is all but the northernmost two

miles of an eight mile long horst (Figure 51). The horst narrows

from about two miles wide at the south end to about 2500 feet wide

at the northern boundary of the thesis area. There is no evidence

of an adjacent graben.

The faults are commonly vertical, although there also is one

normal fault. The eastern fault zone contains west side up faults

that trend approximately N. 25° W. The western fault zone consists

of one or two east side up faults that trend between N. 05° W. and
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N. 25° W., although much of it is obscured by Quaternary volcanics.

The total displacement on the faults can be roughly estimated

by the presence within the horst of Kiamath Mountain basement rock

at Yellow Butte and a Late Cretaceous sedimentary sequence. The

uplift of the horst has been greater in the south than in the north,

for the exposed basement rocks lie farther south than the younger,

superjacent rocks. The uplift in the northernmost part of the horst

need not be large, for the Tertiary volcanic rocks within the horst

lie adjacent to other Tertiary volcanics.

It can be assumed that the Cretaceous sandstones exposed in the

horst had to be uplifted at least the total thickness of the Ter-

tiary volcanics bordering the horst, estimated by Williams (1949)

to be as great as 10,000 feet. Likewise, the Yellow Butte rocks

had to be uplifted at least the equivalent of the combined thickness

of the Cretaceous rocks, conservatively estimated to be at least

1,200 feet, and the superjacent Tertiary volcanics. Therefore, the

total throw of the southern end of the horst is several thousands

of feet more than the displacement of the central part of the horst

that contains the exposed Cretaceous sandstones.

Recent movement on the faults has been greater in the northern

part of the horst, as indicated by fault scarps up to 25 feet high

present only in the northern part of the Recent Pluto Cave basalt

flow. The greater amount of throw in the south and the very recent

movement in the north part of the horst indicate that the uplift

of the horst may have begun in the south and only recently occurred

in the north.
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Williams (1949) believed that this horst was formed at the close

of the Miocene Epoch, but he furnished no evidence for this con-

clusion. This would mean that the horst movement preceded any

Plio-Peistocene appearance of High Cascade volcanics or Basin and

Range faulting in the Modoc Plateau (Williams, 1949).

The cause of the uplift of this singular horst in southeastern

Shasta Valley canndt be determined.

The horst could be related to the High Cascade series, for it

is aligned roughly with the main trend of the Cascade Mountains,

particularly those south of Mt. Shasta. The horst could have

formed either pertecontemporaneouslv with or previous to the buildup

of the High Cascades.

The High Cascade volcanoes are related to a series of north-

trending fault zones. Many of these fissures can be traced by

alignments of numerous volcanic features, in much the same way as

the cinder cone and dome outline the western fault zone of the

thesis area horst.

The two fault zones bordering the host are aligned with he

summit of Mt. Shasta (Figure 48). Although the faults are concealed

by andesite and basalt flows from Mt. Shasta south of the thesis area,

the large amount of uplift on the southern end of the exposed part

of the horst indicates that the horst probably continues for a con-

siderable distance farther south. If Williams' (1949) late Niocene

date for the initiation of fault movement is correct, then the

faults of the horst could have had an influence on the location of

the central vent of the Pleistocene Mt. Shasta.
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The horst also may be a unique occurrence of Basin and Range

faulting west of the Cascade Range. The Basin and Range faulting

in the Modoc Plateau east of the northern California Cascade vol-

canoes commonly occurs along the same north to northwest trend as

the horst in the thesis area. This faulting, like that in the thesis

area, is largely along vertical or normal faults, with little

evidence of strike-slip movement. Many fault blocks are horst

and graben features bordered by fault scarps (Macdonald, 1966).

There are numerous objections to the Basin and Range classi-

fication of the thesis area faulting. Displacements on the Modoc

Plateau faults range from a few feet to 2000 feet (Macdonald, 1966),

which is much less than the estimated throw on the thesis area

horst. The characteristic block faulting on the Modoc region

extends into the Cascade Range, but, with the possible exception of

the horst in the thesis area, this faulting does not occur west of

the High Cascade volcanics in northern California and southern Oregon.

Another objection is the older late Miocene age Williams (1949)

gave to the inception of thesis area horst uplift. However, the

Quaternary ages of the Modoc Plateau structural features are minimum

ages for the faults, for any older faulting would not be detectable

because of the blanket of Quaternary volcanics.

Another important objection to any relationship of the thesis

area horst with the Modoc faulting is the presence of the Cascade

Range between the two areas of faulting. Along its entire length,

the Cascade Range is a great geologic divider, with very few geologic

units or structural features common to both sides. Thus, the occur-
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rence of a Basin and Range horst west of this geologic barrier would

be very unusual.



ECONOMIC GEOLOGY

Copper and Molybdenum
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Near the contact between the quartz monzodiorite pluton and the

metamorphic country rock in Yellow Butte (Plate 1), there was a small

mining operation by the Lone Hill Mining Company in the early part

of this century (O'Brien, 1947). A 300 foot deep inclined shaft was

dug into the coarsely crystalline plutonic rock to form the Yellow

Butte mine (Averill, 1935). The mine shaft was retirnbered for about

40 feet in 1930, but had caved in to its present depth of 15 feet by

the 1940's (O'Brien, 1947). Actual production is not known, but the

small tailings dump adjacent to the mine indicates that total pro-

duction was small.

The mine operations were seeking copper from chrysecolla and

molybdenum from molybdenite (Figure 52). These sulfides are found

in the numerous quartz veins, up to 2 nun thick, that exist as

stringers in highly fractured and mineralized shear zones that

generally trend N. 25° E. and dip 70° E. Other sulfides besides

chrysocolla and molybdenite, such as chalcopyrite and pyrite, occur

locally (Figure 53).

Because of extreme localization of the ore-bearing veins in the

pluton and the economically unproductive thicknesses of the veins,

further mining of this pluton seems very unlikely.
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Figure 52. Photornicrograph of chrysocolla disseminated as
veinlets in quartz rnonzodior.te. Crossed nicol3.
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Figure 53. Photomicrograph of chrysocolla and other sulfids

in quartz rnonzodiorite. Plane light.
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Cretaceous Sedimentary Rocks

There are probably no petroleum deposits in the Cretaceous sand-

stones that underlie the Tertiary volcanics in this area. There

has never been any published evidence for such a presence either at

the surface or in wells. These clastic beds are excellent re-

servoirs, but they were deposited almost directly on top of the

deformed, predominantly crystalline Kiamath Mountains metamorphic

rocks, which eliminates the possibility of source rocks beneath

the sandstones.

Cinder Cone

The cinder cone just north of the Haystack dome is presently

being quarried for scoriaceous cinders (Figure 32). There is a

private open-pit quarry on the southeast flank of the cinder cone

and a smaller California Division of Highways pit on the north flank

which together cover about 30 acres. The cinders are used in road

construction and maintenance.

Tertiary Voicanics

Sheep Rock provides a convenient source of semi-precious gems

for rock hounds and professional gem collectors. Opal and chalcedony

are common in the Tertiary lavas and breccias. Agates appear in a

banded form, and the chalcedony comes in blue, green, red, and yellow

variations. Petrified wood also is prevalent in these rocks.
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Wells and Springs

There are two areas in the thesis area where natural springs

have been valuable to man for centuries (Plate 2D).

At Rattlesnake springs, near the southwest tip of Sheep Rock

(Plate 1), water emanates from the base of the Pluto Cave basalt

flow. This is the result of preferential erosion of the Tertiary

volcanics adjacent to the basalt flow, which lowered the stream

bed below the sub-flow water table. The spring was used by Indians,

as demonstrated by the abundant arrowheads and obsidian chips nearby.

This spring was the site of one of the first settlements in eastern

Shasta Valley, when in 1879, the Barnuxns built their "barn" over the

spring and used it for water and refrigeration (Hayden, 1948).

The other area of springs is located along the eastern fault

of the horst where it borders the Cretaceous rocks. There are at

least five natural springs here as a result of ground water rising

to the surface at the impermeable fault zone. Within the past

century, ranchers have drilled wells uphill from and directly over

the springs in repeated attempts to get a higher yield of water.

During the past decade, the owners dynamited some of the well holes

and bulldozed the springs. Two of the wells went dry and two more

must be pumped by gasoline engines, which put out enough water to

irrigate about 200 acres of winter wheat. The five natural springs

are presently pits between five and fifteen feet deep, with water

flowing from only two of them.

The ranchers of the Pluto Cava basalt flow region have been
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pumping water from this large aquifer for almost a century. Irriga-

tion wells through this basalt yield about 1300 g.p.m. on the

average (Mack, 1960).
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GEOLOGIC HISTORY

The metasedimentary rocks found in Yellow Butte were originally

Paleozoic ocean floor deposits. The mudstones, siltstones, arenites,

and conglomerates were probably deposited in a proximal submarine

fan during the Ordovician or Silurian (Potter, Hotz, and Rohr, 1977).

During the Paleozoic, the segment of the oceanic plate upon

which these sediments were deposited was shoved east beneath the

western margin of the North ?.merican continental plate at a high

angle (Potter, Hotz, and Rohr, 1977). The subductionof the rocks

in Yellow Butte was extensive, for the intensive folding that de-

formed these rocks had to occur deep inside the crust of the earth.

There was large scale folding along a north-trending axis as a

result of east-west lateral compression.

During the Late Jurassic-Early Cretaceous Nevadan orogeny in

northern California, silicic magma was emplaced discordantly in the

Kiamath Mountain Paleozoic inetasedimentary rocks (Lanphere, Irwin,

and Hotz, 1968). The Yellow Butte pluton and other subjacent

plutons reacted with the country rock to produce white quartz veins,

injection gneisses, and granite dikes in the country rock, and

mineralized quartz veins in the pluton. Most of these features

were formed by injection of late magmatic fluids into fractures in

the country rock and solidified plutonic rock (Nockolds, 1nox,

and Chinner, 1978). The granite dikes were probably both early

and late stage magmatic injections and intruded the schists and

phyllites of the country rock in a slightly discordant manner.



158

During most of the Cretaceous, the Kiamath Mountain rocks were

tectonically uplifted and extensively eroded.

The framework grains of the Cretaceous sandstones in the thesis

area were eroded from the Kiamath Mountains to the west and south

and were probably deposited in high energy stream channels that were

flowing generally northeastward. The sedimentary sequence was most

likely deposited as a Late Cretaceous fluvial or deltaic sequence

very close to the shoreline of a sea extending far inland.

Subsequent to the Cretaceous deposition, there was a long

period of tectonic uplift and tilting, when the Cretaceous beds

were tilted up to 20° toward the northeast. Much of the original

Cretaceous sequence was probably eroded away during this period of

exposure.

In mid-Tertiary time, the Western Cascade series was erupted

onto the Cretaceous and Paleozoic rocks. The thick pile of laharic

breccias exposed at Sheep Rock was formed by mudflows accumulating

in a topographically low area. There were numerous Tertiary basalt

and lahar flows that entered the area, apparently from volcanic

cones and fissures to the east (Williams, 1949).

Continued tectonic uplift and tilt has occurred near the thesis

area throughout the Tertiary and Quaternary and there has been ex-

tensive erosion of the Tertiary volcanics.

Uplift of the horst that traverses the thesis area probably

commenced in mid- to late Tertiary time (Williams, 1949). Uplift of

the horst probably began in the vicinity of Yellow Butte and sub-

sequently spread north. The highly resistant Kiamath Mountain rocks
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that were uplifted by the horst above the surrounding volcanic terrane

formed Yellow Butte. Tertiary volcanics that originally covered

the Cretaceous rocks exposed in the thesis area were eroded by the

springs and differential erosion along the faults during the Quaternary.

The Plio-Pleistocene return of volcanic activity to northern

California formed the High Cascades series, including the Pleistocene

Mt. Shasta. A series of basalt lava flows, one of which is dated at

170,000 ± 140,000 years (Chesterinan, 1982), entered the thesis area

from the northern flanks of Mt. Shasta. These flow rocks were

fractured by the faults bordering the east side of the horst.

The Quaternary cinder cone complex was formed by a series of

pyroclastic lava eruptions which probably emanated from a single

Vent located on the western fault of the horst. Before the last

pyroclastic eruption occurred, a small augite-bearing olivine basalt

lava flow was erupted onto the northern flank of the cone. Sub-

sequent to all cinder eruptions, a large basalt flow was discharged

from the central summit vent of the cone and flowed down both the

northeast and northwest sides of the cone as two tongues of pahoehoe

basalt.

A basalt flow issued from the north flank of Mt. Shasta and

flowed northward into the southwest part of the thesis area, where

it lapped high up on the southwest side of Yellow Butte and flowed

at least partly around the base of the cinder cone complex. Lx-

tensive oxidation of the flow has subsequently resulted from

alteration of the rcck by groundwater.

The next detectable geologic event was the endogenous eruption
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of the Haystack dome. The viscous mafic andesite was probably erupted

from a single vent and spread out over the surface of the partially

eroded and oxidized basalt flow. Nost of the andesite at the surface

of the dome has since been oxidized by filtering rain and snow melt

water.

The last lava to flow in the thesis area was the Pluto Cave

olivine augite basalt flow, which issued from the northeast flank

of Mt. Shasta and flowed through the thesis area in a generally

northwest direction. The numerous lava tubes, pressure ridges, tumuli,

and lava cascades of this flow were foimed as the pahoehoe lava

filled the central part of the thesis area to a depth of over 400

feet, leaving only the highest summits of the subjacent volcanic

terrane uncovered.
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