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PREFACE

Often in an area where outcrops are poor and diffi
cult to reach, relationships between rocks abstruse, and 
topography unassuming or unimpressive, intriguing geology 
remains largely uninvestigated* For these reasons the 
largest part of the area studied remained until now at the 
fringes of previous studies* While working in northeastern 
California for the Southern Pacific Company in 1960, I 
found a disconcerting amount of half-truths, unfortunate 
guesses about terrain never visited, and general lack of 
information concerning an area which is nestled between 
more attractive quadrangles that were the subject of excell
ent reports by notable geologists* Interesting problems and 
questions materialized after five months in the area, and 
caused me to present the subject of a possible dissertation 
to the University of Arizona, and to return for another 
three months in the field in 1961* Upon completion of field 
work, laboratory work was undertaken* Thus, an attempt is 
made to fill a gap in our knowledge of the geology of the 

Pacific Northwest*
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CENOZOIC VOLCANISH IM THE HIGH CASCADE AND 
MODOC PLATEAU PROVINCES OF NORTHEAST CALIFORNIA

by
Murray C. Gardner

ABSTRACT

Geologic mapping in approximately 450 square miles 
of volcanic terrain east of Mount Shasta, together with sup
porting petrographic and chemical data, led to redefinition 
of Tertiary "massive lavas" into (1) late Pliocene (?) 
platy to massive andesite flows, gently folded on easterly 
trending axes, (2) middle and late Pleistocene (?) porphyri- 
tic basaltic andesite cones with coarse andesite plugs ex
posed near the summits, and (3) middle Pleistocene (?) 
massive basalt flows which fill valleys. Individual strati- 
graphic units were also defined in coeval (4) Pleistocene 
and Recent Modoc basalt eruptives.

The basaltic andesite cones (2) are isolated fea
tures of the eastern margin of the High Cascade volcanic 
province. All other rocks are in the Modoc Plateau province, 
The boundary between the two provinces is geomorphically

xii



distinctive; structural differences are marked. The Modoc 
Plateau is characterized by horizontal, coeval sheets of 
rift-fed flows and sma11, isolated cinder-scoria cones. 
Pleistocene and Recent Modoc basalts (3 and 4) flowed 
south and west from near the Medicine Lake Highland, and 
from local eruptions, to fill structural--topographic 
valleys, then lapped onto Cascade and older Modoc land 
forms. Mountains on the Modoc Plateau result from gentle 
folding which probably ceased by Pleistocene, and by block 
faulting continuous into Recent time. The Pleistocene High 
Cascade cones, conversely, form mountains built by volcanic 
eruptions from vents through older Modoc Plateau flows, and 
are only affected by subsequent faulting.

The rocks of this area are part of the continental 
calcic to calc-alkaline volcanic association. New chemical 
data presented herein demonstrate that andesites from the 
easternmost minor cones of the High Cascade province are 
higher in alumina and lower in potash than encompassing 
Modoc Plateau province andesites with equivalent silica con
tent. The High Cascade andesites have a marked porphyr i t i c 
texture, whereas Modoc andesites have a coarse regular tex
ture, although the mineralogy is similar. This demonstrates 
that there is no mixing or transition zone between the pro
vinces. Li thology of basement rocks may account for the 
slight differences in composition in essentially the same

xiii



magmatic province. Analyzed basalts fit chemically the 
parameters of the Medicine Lake and Modoc basalt suite.

Prominent eruptive features observed immediately 
north of the mapped area are aligned N.65°E. This structure 
may reflect a persistent zone of weakness in the basement 
extending toward the Great Basin in northern Nevada. The 
intersection of this trend with northerly and northwesterly 
Cascade fracture trends may have focused volcanic eruptions 
near Mount Shasta. Most Recent block faults in the mapped 
area trend northerly, but in the Bear and McCloud River 
valleys the trends swing toward the west-northwest. Immedi
ately south of the mapped area, observed attitudes of Meso
zoic rocks of the Klamath province swing from north to east- 
northeast approaching the proposed lineament, before disap
pearing under the cap of volcanic rocks. Difference in mor
phology and structural behavior of the High Cascade and 
Modoc provinces in the area may be attributed, respectively, 
to volume and fluidity difference at time of eruption, and 
response to the di fferences in structure and 1i thology of 

basement rocks.



INTRODUCTION

General Statement

The slopes of the great High Cascade volcanic cone 
of Mount Shasta extend 20 miles toward the southeast, where 
they fade beneath and against an irregular assortment of 
volcanic cones and flows. Recent topographic mapping by the 
United States Geological Survey of the old Bartle quadrangle 
produced maps which suggested that structural, stratigraphic, 
and petrologic order might be made out of the profusion of 
Cenozoic volcanic rocks in the area. An area of approxi
mately 450 square miles was chosen from the central portion 
of the Bartle, Hambone, Pondosa, and Big Bend quadrangles 
for study.

The geomorphic province boundary l ine between the 
High Cascade volcanic rocks and the Modoc Plateau lavas was 
thought to pass approximately from north to south through 
the central part of this area. The Klamath province of meta- 
sedimentary rocks abutted on the southwestern edge of the 
mapped area. The area is covered by dense vegetation which 
includes highly merchantible yellow and sugar pine forests, 
ponderosa pine, Douglas fir, and spruce, as well as blanket
ing thickets of aspen, alder, scrub oak and manmanita;

1



however mapping at the scale of 1:48,000 was accomplished 
with sufficient outcrops available to allow a detailed de
scription and analysis of the region. The mapping was 
initiated while I was conducting a mineral resources survey 
for the Southern Pacific Land Company, Continuation of the 
study was stimulated by the growing interest in the impor
tance of volcanic rocks as indicators of the Cenozoic tec
tonic history of the West, and by the apparent petrogenetic 
problems to be found in an area athwart the Basin-Range and 
Cascade Mountains boundary or transition zone. Within the 
rather short distance of 150 imi1es a line from southwest to
northeast and cutting diagonal 1y across the mapped area

\ ■

would traverse the great valley of California, the Klamath 
province, the Cascade Range, and extend through the Modoc 
Plateau and into the Great Basin, Each of these areas has 
sufficient geologic problems unto itself. It is the purpose 
of this paper to add to regional comprehension by examina
tion of one area of geologic junctions in detail and to com
ment upon the structural implications of the neighboring 

provinces.

Location, Extent, and Access?bi1itv of the Area

The mapped area is in the northeastern part of 
California, Four hundred and fifty square miles were se
lected for mapping in eastern Siskiyou County :



and northeastern Shasta County, between 4101O' north lati
tude and 4l°268 north latitude, and between 121°32! west 
longitude and 121056l west longitude, (See orientation map, 
fig, 1)o This area is within the central portion of the 
U»S, Geological Survey's Bartle, California topographic 
quadrangle, edition of 1939; however, it includes portions 
of the Bartle, Hambone, Pondosa and Big Bend quadrangles un
published topograph ic sheets which were used as a base. 
Additional information contributing to the regional picture 
was studied outside the mapped area in northern Siskiyou 
County, Modoc County, Lassen County (Mount Lassen), Shasta 
County, Oregon (Crater Lake) and Nevada, The Cenozoic vol
canic rocks studied occur on a broad interior upland east 
of the highest crests of the High Cascade Range,*, Elevations 
range from 3,700 feet in the lowest part of the McCloud 
River valley to 6,502 feet on the crest of Black Fox Moun
tain, Mount Shasta, which appears as a perfectly symmetri
cal volcanic cone from the east, looms 20 miles due west, 
at an altitude of 14,461 feet. The mapped area is about 10 
miles north of the Pit River valley, California State High
way 89 enters the western boundary of the area at approxi
mately the central portion, runs directly east for 5 miles 
and then cuts diagonally southeast and exits near the east
ern part of the southern boundary. From the highway a pro
fuse system of Forest Service and logging company gravel and 
dirt roads provide access to the entire region. In addition.
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Figure 1. Physiographic Orientation Map.(adapted from Raisz,1939»Land- 
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the McCloud River Railroad enters the area's western edge 
at nearly the same point as does the highway, but after pro
ceeding 8 miles east, turns sharply northward and then pro
ceeds in a northeast direction, weaving through otherwise 
inaccessible portions of the rugged Modoc Lava Plateau* 
Bartle, a small rail point, Pondosa and Kinyon, both lumber 
camps,are the only settlements on the geologic map, A few 
scattered ranches in the east, a gas station on Highway 89, 
and the Four Mile Flat Forest Service station house the only 
other occupied dwellings? fire lookouts and campers add to 
the population in summer months,

Topography

The mapped area is divisible into 4 topographic 
units these are (1) the McCloud River valley, (2) Skyline 
Ridge from Stouts Meadow to Bartle Gap, (3) the group of 
cones with Black Fox Mountain and Buck Mountain at their 
center, (4) and the lava plateau occupying the east portion 
of the mapped area, (See Geologic Map, fig, 2, and Topo
graphic Sketch, fig, 33)»

The McCloud River extends 4 miles northward from 
its headwaters in Colby Meadow, then turns eastward for 7 
miles and exits the mapped area. The stream is youthful and 
flows through an 80 foot deep canyon after gaining its first 
half dozen tributaries in 11 miles. The valley itself is 
approximately four miles wide in the north-south direction.



Most of the valley lies between elevations of 3,700 and 
4,110 feet. Structurally it is an easterly trending syn- 
cline with the northern limb emphasized by faulting, A 
mantle of unconsolidated material masks the deeply weathered 
flow rocks which crop out in some excavations in the valley. 
Flows of the Black Fox Mountain group which originated in 
the strato-volcanoes to the north bound the weathered flows 
on both the north and south sides of the valley.

Skyline Ridge lies between the elevations of 5,600 
and 6,300 feet. It falls away very steeply to the south at 
the edge of the mapped area, 4,000 feet within 8 miles be
tween Mushroom Rock and the town of Big Bend, Toward the 
north the slope descends 2,000 feet in 8 miles between Mush
room Rock and the McCloud River. The northward slope is 
approximately the dip slope of the Bartle Gap group of vol
canic flows* Northward flowing tributaries of the McCloud 
River dissect the north slope of the ridge into a series of 
long finger ridges extending toward the McCloud River valley.

To the north of the McCloud River a 9 by 7 mile oval 
is occupied by the strato-volcanic cones of which Black Fox 
Mountain and Buck Mountain are the most prominent. There 
are at least seven main centers of coalescing or coeval 
cones. From a distance (fig, 4) the forest and brush covered 
cones appear quite gentle and rounded; ascending them one 
appreciates the quite steep topography especially wherein 
they have been dissected by youthful streams. Black Fox



Figure 4

View westward from Soldier Mountain Lookout„ Sky
line Ridge scarp (1) at upper left on horizon. McCloud 
Valley (2) is partly obscurred by ridges in foreground. 
Black Fox Mountain (3), and Rainbow Mountain (4) are to the 
right. Mount Shasta is in the distance. The Fort Mountain 
fault scarp is at left center.
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Figure 4
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Mountain and Buck Mountain are quite symmetrical in their 
upper thousand feet, but the other cones of the group have 
become quite irregular in form because of parasitic erup
tions on their flanks, development of cinder cones, and 
erosion* On the topographic map this group has the appear
ance of successive boils on the landscape* A half mile long 
landslide scars the southwest slope of Black Fox Mountain 
about 600 feet below its crest*

The eastern lava plateau is actually a variegated 
series of lava plateaus with mature to very young topo
graphy and spotted with Recent small cones of cinder vol
canoes* It ranges from 3,500 to 4,700 feet within the 
mapped area* The lowest elevations occur in the Fall River 
valley in the southeast portion of the mapped area* in the 
extreme eastern portion of this plateau the topography is 
almost wholly constructional, being composed of Recent lava 
flows whose surfaces still exhibit non-eroded flow features 
such as pahoehoe skins, froths, and lava caves* Although 
grossly a planar feature, this portion of the plateau has 
very rugged micro-relief* Moving westward one ascends the 
West Lava Rim, and there obtains a more mature surface, 
which may generally be said to consist of a series of ridges 
approximately 4 miles in length in a northwesterly direction 
and approximately 1 mile apart in an east-west direction*
The southern portion of the plateau area is older than the 
northern portion; therefore the successive ridge topography
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on the north gives way to an irregular pattern of mature 
hills. The lava plateau actually extends west and casts an 
embracing arm around the Black Fox Mountain group of vol
canic cones. The topographic map shows quite clearly how 
the last flows cascaded down through the valley wherein 
Trout Creek now runs, eventually reaching as far as the 
McCloud River valley and lapping against the flows on the 
east side of Mount Shasta. Although apparently younger than 
the last flows on the eastern portion of Mount Shasta, 
fluvio-glacial outwash from Ash Creek and Mud Creek have 
blanketed the area, and mask the juncture of the flows.

A minor topographic feature worthy of special men
tion is the narrow valley between the Black Fox-Buck Mountain 
group of cones on the west and the volcanic plateaus on the 
east. This 7 mile long, 2 mile wide, southerly trending 
plain is an area of internal drainage. Dry Lake Basin at 
its northern edge is a playa almost half a mile square. The 
area is closed on the north by Toad Hill cone, from whence 
issued both flows and cinders; the southern end of the val
ley is closed by structural adjustment which forms a divide 
at Dead Horse summit. The divide also separates the head
waters of the McCloud River from the headwaters of Bear 
Creek. Locally, in other areas, an unorganized drainage sys
tem attests to the youth of the land forms in this area.
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Previous investigations

Pioneer geologic work devoted primarily to the vol
canic rocks in this neighborhood of northern California, was 
done by H. Williams (1932, 1934, and 1949), H.Ae Powers 
(1932), NeA» Peacock (1931), and CeAe Anderson (1940)„
Many other workers have studied either special features of 
the volcanic rocks or have devoted their studies to parti
cular facets of the geology. For example, R.H. Finch (1933) 
examined the Burnt Lava Flow. S. Mack (1960) and A.E. 
Swansen (1961) discussed the geology and groundwater of the 
Shasta Valley and Fall River valley, respectively.

Treatment on a wider scope of the Cascade and Modoc 
provinces has been accomplished by H. Williams (1942), A.C. 
Waters (1955), Turner and Verhoogen (I960), Nockolds and 
Allen (1953), and T* Thayer (1956). Recent reconnaissance 
mapping by Gay and Aune "(i958) has been accomplished at a 
scale of 1 :250,000. Several other workers1 contributions 
not mentioned here will be dealt with specifically in the 
main body of the dissertation. Background and supporting 
works in volcanology are listed in the bibliography.



Acknowledqments

The author is indebted to the Society of the Sigma 
Xij whose grant-in-aid for field studies in 1961 allowed the 
completion of mapping and sampling for this study* The 
management of the Southern Pacific Company, as well as the 
foresters of their district office at Mount Shasta, Messers* 
James Nile and Richard Si as, extended helpful courtesies*
My colleagues and superiors of the U*S* Geological Survey 
offices in Washington, D*C* extended helpful recommendations 
as well as facilities toward the completion of this investi
gation* Personnel of the Forest Service were generous in 
allowing me the use of their aerial photographs on a loan 
basis during 1961* Many of the people of pleasant Mount 
Shasta City were helpful throughout our stay in the area. 
Particularly Dr, William Letcher, Mount Shasta City's optome 
trist, is thanked for his hospitality and for going into the 
field on several occasions to take the author to remote 
areas on the Modoc Plateau where Dr, Letcher has hunted and 
camped privately for many years. Gratitude is expressed to 
Edward A, Danehy, for stimulating discussions which led to 
some of the interpretations developed herein. Dr, Bruno E, 
Sabels has been cordially enthusiastic about this project, 
and offered advice and sent literature to me in the field. 
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PRE-CENOZO1C HETA-SEDIMENTARY AND META-VOLCAN IC ROCKS

The basement upon which Cenozoic rocks were depo
sited is exposed along the southwestern portion of the map
ped area, in the Big Bend quadrangle. Erosion of the 
Bart 1e Gap volcanic rocks on the easterly trending Skyline 
Ridge scarp exposes the older units, and permits correla
tion and extension of previous work. The basement consists 
essentially of Klamath province rocks from the Triassic 
period. The sequence of meta-sediments and meta-volcanics 
was mapped and described in the southwest quarter of the Big 
Bend quadrangle to points about 3 miles south of Skyline 
Ridge by Sanborn (1960) and traced from his map area into 
the area of this report for correlation on several rapid 
reconnaissance trips. The rugged terrain, forest cover, and 
similarity of 1?thology of the pre-Cenozoic units permits 
mapping of formation boundaries only after thorough fossil 
search and study; as that was not the purpose of this report, 
the rocks are grouped as Mesozoic, undifferentiated on the 
map; attitudes and contacts are mapped and the 1ithology 
sketched to provide framework for regional structure analy
sis and effect on subsequent tectonics and volcanic struc
ture.
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In an easterly direction from Grizzly Peak, the for
mations observed are the Middle Triassic Pit formation, the 
Upper Triass ic Hosselkus limestone (?), Brock shale, and 
Hawkins Creek member of the Mod in formation. The structure 
of Mesozoic sediments in the Big Bend area was interpreted 
by Sanborn to be a syncline with west to northwest trending 
axis, plunging eastward. Traced onto Skyline Ridge, the 
northern limb of this syncline appears to fold over to an 
anticline with overturned northern limb, as indicated by 
dips recorded on Skyline Ridge, and in Tate Creek.

P ? t Format ?on

Rocks of Pit formation 1i thology can be traced from 
the southwestern part of Stouts Meadow, west and south to 
Grizzly Peak and the precipitous terrain of Devils Canyon. 
Exposures were examined along the Forest Service road to 
Grizzly Peak and down the ridges from Grizzly Peak into 
Devils Canyon. In this area the formation consists pre
dominately of gray to black argillites with alternating vol
canic breccia, greenish gray and gray tuffs, thin beds of 
chalcedony, and agglomerate.

No thin sections were made of these rocks. Samples 
from Devils Canyon examined by Sanborn show the argillite is 
composed of silt to clay sized particles of pyroclastic 
material and 20 percent black carbonaceous material. The 
tuffs consist of fragments of pyroclastic material,



16
sub-rounded to subangular, in a matrix of finer-grained 
tuffaceous material.

Hosselkus Limestone

No definite exposures of Hosse1kus limestone were 
observed in contact with the Pit formation near Skyline 
Ridge. Reconnaissance attempts to trace the limestone unit 
north from Devils Canyon failed. Some resistant 1 edges of 
hard, massive, silicious, gray limestone are present along 
the southeastern edge of Stouts Meadow; dark gray in color, 
but weathering to light gray. Hand specimens appear to con
sist entirely of gray calcite (Sanborn's thin section showed 
95 percent calcite, 5 percent black organic material), ex
cept for small circular areas of clear calcite. Sanborn 
examined such areas and found no definite organic structures 
in the clear recrystal 1ized calcite;

Brock Shale

Gray and black argillite, which weathers to reddish 
brown, together with interbeds of tuffaceous sandstone, can 
be followed for about 400 feet along the Skyline Ridge road 
cuts east of Stouts Meadow (near Hill 5630). The 1ithology 
and position coincide with the descriptions of Sanborn, who 
extended the formation from exposures originally named by 
Oilier (1906) in the Redding folio text.
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All exposures were weathered, and showed parting 

parallel to the bedding, as well as jointing normal to the 
bedding plane. Therefore the outcrops are characterized by 
1 to 2 inch rectangular blocky fragments.

Sanborn's thin section analysis revealed that the 
argillite is composed of silt to clay sized grains which are 
of volcanic origin, in addition to black carbonaceous (?) 
material and carbonate. Rough alignment was noted in shard
like elongate particles, but no micaceous laminae.

Diller and Sanborn agree that the Brock shale is 
conformable with both the lensoid Hosselkus limestone below 
and the Mod in formation above, based on non-determi nable 
contacts. In the area examined in this study, the shale was 
structurally conformable with younger sediments; that is, 
the attitude was precisely the same as the overlying Mod in 
formation on Skyline Ridge. The continuity and thickness of 
Brock shale, according to Sanborn, is fairly consistent. 
Thickness is approximately 400 feet.

Mod i n Format ion

The Mod in formation was originally defined by 
Diller (1906) and redefined and divided into three members 
by Sanborn (I960). Sanborn also redated the formation from 
Early Jurassic to Late Triassic age. The three members are: 
a) the basal Hawkins Creek member, consisting of pyroclastic 
conglomeratic beds; b) the intermediate Devils Canyon member,



18

consisting of tuffaceous limestone and calcareous sandstone 
beds; and c) the Upper Kosk Creek member, consisting of 
argillite beds. Thickness of the formation in the Big Bend 
area is estimated at 5,500 feet (Sanborn, I960). The re
gional attitude of the formation appears to preclude the 
cropping out of all except the Hawkins Creek member at the 
contact with the volcanic rocks on Skyline Ridge. However, 
the Devils Canyon member is questionably exposed below the 
volcanic cap rock south of Mushroom Rock, and in the head of 
the northeastern most branches of Live Oak Canyon. There
fore the Devils Canyon member may occur in contact with the 
volcanic rocks on Skyline Ridge, but vegetation and talus 
litter prevented identification. Outcrop areas of members 
are increased markedly by local folding.

Hawkins Creek Member

The Hawkins Creek member, where exposed within the 

mapped area, consists of tuff, volcanic breccia, conglomer
ate, and agglomerate, in decreasing importance. Andesi te 
porphyry crops out ?n the head of Tate Creek. One con
glomerate outcrop on the crest of Skyline Ridge, just east 
of Stouts Meadow, fits Sanborn's (1960, p. 9) description 
of the unit,

...a polymictic conglomerate composed of well 
rounded pebbles of andesitic composition and a 
large proportion of well rounded, quartz and chert 
pebbles enclosed in a groundmass of coarse sandstone
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or grit of approximately the same composition. In
dividual pebbles rarely exceed 1 inch in diameter, 
the average being about half and inch.

Sanborn also reported andesite porphyry in the upper part
of the member in Devils Canyon. Again the description fits
the andesite of Tate Creek, "...andesite porphyry containing
feldspar phenocrysts up to a quarter of an inch in length in
an aphanitic greenish-gray groundmass." The groundmass
showed incipient foliation.

Devils Canyon Member

The Devils Canyon member, overlying the Hawkins 
Creek member, is an alternating sequence of massive, tuffa- 
ceous, fossiliferous, gray limestones, calcareous tuff and 
calcareous sandstones. Some lenses of quite pure limestone 
occur, from a few inches to 10 feet thick, and over 1,000
feet along strike. Bedding is apparent in the fresh out
crops; the normal outcrops of weathered material in steep
sided canyons is tan to buff in color and resembles a por
ous, punky tuff where leaching of calcareous material occurs.

This member ranges in thickness from 430 to 1,000 
feet, according to Sanborn. The thickest section recorded 
is in Devils Canyon. Much local folding within the member 
occurs, which is not noted in the lower member; outcrop 
area may be thus increased.



20
Kosk Member

The Kosk member of the Mod in formation is a thin 

bedded gray to black argillite, with interbedded thick ande- 
site flows and tuff. It was not exposed in the mapped area. 
Nonetheless, it is by far the thickest member, reported to be 
at least 3,600 feet in adjacent areas.

Jurass?c Rocks

The following formations of the Jurassic system de
scribed by Sanborn, were not present in the mapped area, but 
were examined in the Big Bend area immediately to the south. 
They are described to complete the strat{graphic picture of 
the area before discussion of regional tectonics and develop 
ment of the surface of deposition for the Cenozoic volcanic 
rocks.

Middle Jurassic: Potem formation; argillite, tuffa-
ceous sandstone, and 1imestone.
Bag ley andesite; eastern flow and 
pyroclastic facies of the Potem 
formation.

Lower Jurassic: Arvison formation; tuffaceous
sandstone, conglomerate, tuff, vol 

canic breccia, and agglomerate.
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Mesozoic Structure

The regional Mesozoic structure recognized by Sanborn 
in the Big Bend area is important to the structural analysis 
of the area covered by this report. A major 5 mile long 
fault (which does not affect Tertiary volcanic rocks) trend
ing approximately N.■45°E. divides Sanborn's area in two parts. 
The prevalent structural feature is an east to southeast dip
ping homocline. Northwest of the fault, Mesozoic strata 
strike nearly north in the southwest corner of the area. 
Moderate dips are to the east. The strike of the beds 
shifts easterly; near the northern limit of Sanborn's map, 
the strata strike N.45°E. to N.60°E. Dips range from 
gentle (16°) to moderate (51°) to the southeast. Southeast 
of the fault, strike of the Mesozoic beds is nearly due 
east; southerly dips range from 10 to 33 degrees.

Wherever feasible, checks were made of the attitudes 
on Sanborn's map before extending the mapping northward to
ward Skyline Ridge. As described in the chapter on struc
ture, the strike of Mesozoic strata continues to shift or 
swing eastward so that on Skyline Ridge the Modin formation 
strikes very nearly due east; dips are between 20 and 70 de
grees to the south. Although there is considerable local 
folding and faulting, it appears that the Mesozoic strata 
have reached the crest of the homocline and arched over 
into an anticline.



REGIONAL STRUCTURAL AND TECTONIC SUMMARY

No ejecta of basement rocks appear in the volcanic 
rocks of this area. Indeed, Howe 1 Williams stated, in the 
broadest sense (1942, p. 10), that no ejecta of basement 
rocks have been found in the volcanic rocks of the southern 
Cascades. However, the location and attitudes of the pre
viously described meta-sedimentary and meta-volcanic Meso
zoic rocks, and the slightly disturbed, but unmetamorphosed 
Cenozoic clastic rocks, indicates that they form the base
ment for Cenozoic volcanic rocks studied herein. Addition
ally, a Paleozoic section is exposed less than 20 miles 
west of the area. Therefore, the pre-Cenozoic structural 
history of the area may be interpreted from the proposed 
buried basement rocks whose details have been observed and 
interpreted by previous workers to the north, south and 
west of the volcanic ranges and plateaus. Explicit rein
forcement of this basement interpretation is found in 

Eardly (1951, p. 57):
(The) Klamath division refers to the late 

Paleozoic structures of the northern Sierra Nevada 
Mountains, the Klamath Mountains of northern Cali
fornia and southwestern Oregon, and the Ochoco and 
Blue Mountains of central and eastern Oregon.
These parts of the Klamath division were once con
nected but now are, separated by extensive covers of 
later stfeta,
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It must be apparent then, that the structural elements, 
lithology attitudes, and deep structural weaknesses of the 
basement will influence subsequent tectonic behavior of 
younger rocks.

The area studied is with the complex and repeti
tive Paleozoic, Mesozoic, and Cenozoic orogenic belts of 
the Pacific margin of the North American continent. The 
Paleozoic history of the region is summarized briefly in 
three phases. First, pre-Devonian conditions apparently 
were those of the east edge of the sagging Klamath Trough 
part of the Pacific Trough system. The materials deposi
ted, originally from an interior volcanic archipelago, are 
now schists and meta-volcanic rocks exposed in the Klamath 
Mountains. Crustal disturbance occured in the volcanic 
archipelago in the pre-Devonian as well as later phases, 
extending into the geosyncline, and evidenced by major un
conformities within the rock series. Second, Devonian con 
ditions changed in that the area was at the west edge of 
the Nevada-Idaho basin, and received (Eardly, 1951, plate 
3) only about 1,000 feet of sediments. A volcanic archi
pelago existed to the west. Third, post-Devonian condi
tions were again those of the northeastern shelf or mio- 
geosynclinal area of the subsiding Pacific Trough's 
Northern California Basin. Except during mild Pennsylvan
ian epei rogenic uplift and erosion, shallow water clastic 
rocks, and limestone, and volcanic rocks were deposited.
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Permian, Triassic, and Ear 1y and Middle Jurassic 

rocks present evidence that early Paleozoic conditions of 
sedimentation and volcanism were continued repetitively 
well into the Mesozoic. However, after the Jurassic Nevadan 
orogeny, a new volcanic archipelago formed outside (west) of 
the Nevadan belt, the Klamath Mountains developed from de
formation of the geosynclinal sediments, thereby giving new 
dimension to the former mobile belt of the Klamath crustal 
division (Eardly, 1951, p. 51), and ushered in the complex 
conditions of sedimentation and deformation lasting from 
Cretaceous to Recent time.

The rocks of the Mesozoic systems described in the 
previous chapter indicate that the region still was part of 
the sinking California Trough. A volcanic archipelago was 
present to the west, and a positive area to the northwest in 
Oregon; marine sedimentary and volcanic rocks are mixed in 
the stratigraphic column. Fine volcanic ash was deposited 
continuously with the sediments; there were apparently 
active volcanic sources somewhere in the regional neighbor
hood even during relative quiescence.

Within this portion of the geosyncline in north 
central California conditions alternated from that of a 
shallow subsiding marine basin (Pit formation shale and 
tuff) to open seaway (Hosselkus formation limestone) to 
shallow sea environment again (Brock shale); volcanic ac
tivity heightened to the possible exclusion of the sea
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(Hodin formation) but marine conditions were reasserted be
fore the Upper Triassic Mod in formation was completely de
posited. Subarea 1 erosion then occurred, but the area re
turned to alternating shallow sea and volcanic detrital 
accumulation (Arvison formation, Potem formation and Bag ley 

andesite).
The Nevadan orogeny was represented in the area by 

major folding between Middle Jurassic and Late Cretaceous 
time. The geosync 1ine was deformed and uplifted, and the 
area of former deposition was exposed to subareal erosion, 
as the Nevadan orogeny instituted the Cordi11erah geanti
cline epeirogenic area. The axis of the California Trough 
shifted about 150 miles west in Late Jurassic time (Hardly, 
1951, plates 12 and 13) to receive the thick Franciscan, 
Knoxville, Shasta and Chico sediments. (The near-shore 
marine Chico sediments are missing within a radius of 60 
miles of the mapped area; probably a local high existed).
By late Cretaceous time I<1 amathonia (Hardly, 1951, plate 16) 
was firmly established, and erosion did not again give way 
to sedimentation until deposition of the Montgomery Creek 
formation in the Eocene epoch.

The Cenozoic history of the area may be given per
spective by approaching from the north, vvhere, in Washington 
and Oregon much work has been done in interpreting the Mal
heur Plateau and Cascade Mountains. The Modoc lava fields 
investigated herein occur on the extension of the diverse
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Malheur Plateau into the northeastern corner of California. 
The Plateau is separated by some workers (Gay, 1961) from 
the Basin and Range province, but structure and morphology 
is very similar.

Early in the Eocene the Nevadan eros ional surface 
in Oregon became a broad flood plain with no high divides. 
Volcanic rocks and torrential gravels in the geologic column 
indicate that materials were derived from active volean ism 
in the Cascade area as well as from a western positive area. 
The Western Cascade volcanic rocks, (equivalent to the 
Clarno formation, John Day formation, and Columbia River ba
salts in Oregon; to the Mascall and Payette formation of the 
Central Plateau) 7,000 to 10,000 feet thick, accumulated be
tween upper Eocene and Miocene epochs (see area on regional 
structure map, fig. 6) and interfinger with early Tertiary 
volcanics (Cedarvi1le formation) on the plateaus further 
east. By the close of Miocene time a fairly high volcanic 
plateau existed in southern Oregon, and probably extended 
into the area mapped. Earth movements were concurrent and 
recurrent with commencing volcanism. However, the Laramide 
folding from Late Cretaceous to Eocene prevalent in the 
Basin and Range region misses the area. At the close of the 
Miocene, major disturbances affected the entire volcanic 
region and major uplift occurred in the Klamath district 

bedrock. According to Williams (1949, p. 14 and 35) the 
Western Cascade series was tilted to the east and northeast,
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cut by a fracture system trending west of north that borders 
long narrow horsts, the ancestral Cascade range was formed 
by regional uplift, and fissures opened along the crests. 
Intrusions of dioritic rocks accompanied the disturbance. 
That a low, persistent range existed is reasoned by Williams 
(1949, p. 33) because:

The occurrence of fossil redwoods east of the 
Cascade Range in late Miocene beds indicates that 
the range was...not high enough to...reduce the 
rainfall on the lee side...despite the fact that 
lavas and pyroclastic ejecta...accumulated to... 
more than 10,000 feet...area now occupied by the 
Western Cascade series must have subsided many 
thousands of feet as the volcanic eruptions con
tinued.

Williams notes there is no evidence of deep erosion 
but rather a surface of low relief; that the dips of Western 
Cascade rocks indicate coupled sinking of the Cascade Range 
as volcanic materials poured out, and rise of the neighbor
ing Klamath Mountains i sostat ical1y as they were eroded.

From the fissure system along the crest of the an
cestral Cascade Range, flows of basalt and basic andesite 
poured out to form a volcanic plateau in the Pliocene 
epoch. Subsequently, the plateau was surmounted by compo
site cones in the Pliocene and Pleistocene epochs to form 
the prominent chain of peaks of the present High Cascades. 
Placing these in perspective with the area studied herein, 
it is noted that Williams (1942, p. 19) observed:

The eruption of olivine basalt and olivine- 
bearing andesite did not cease with the rise of the 
great nypersthene andesite cones. On the contrary.
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ft went on at the same time from neighboring vents, 
...Accordingly, we see in the High Cascades, side 
by side with the composite andesite cones, well pre
served basaltic shield volcanoes, like the Goose 
Nest, 20 miles north of Mount Shasta, and Brown 
Mountain.11 Also, "While...basaltic volcanoes were 
active in the High Cascades, others, even more 
numerous, were erupting wide floods of similar ba
salt on the plateau to the east.

Deformation at the close of the Tertiary and during 
the Pleistocene throughout Washington and Oregon was in the 
form of broad arching, sagging, and warping. Gentle de
formation apparently contrasting with closer folding and 
thrusting of California coast ranges and with Basin and 
Range type block faulting 13 million years old (Sabels,
1960) is less well appreciated than the preceding regional 
events. The deformation from the PIiocene to Recent and 
its relation to the pre-existing structure under tectonic 
stress is considered in detail later in this study in the 
sections on local structure and tectonic interpretations.



CENOZOIC STRATIGRAPHY

Tertiary System Sedimentary Rocks 

Montgomery Creek Formation

The Eocene Montgomery Creek formation described by 
Williams ( 1932, pV 215), Hinds (1933, p. 114) and Sanborn 
(I960, p. 16) unconformably overlies the Mod in formation in 
the area of this report„ The formation is exposed from an 
indefinite western contact 1 mile south of Mushroom Rock, 
eastward for about 4 miles to the unconformable contact with 
the Pliocene Tuscan tuff. The exposures are part of a 20 
mile square patch of the formation, separated from the por
tion described in the Big Bend area to the south by a sali
ent of Tertiary volcanic cap rocks (not within the geologic 
map). The northern limits of Montgomery Creek rocks ex
tend under Bart 1e Gap flows; regional dip of about 20° east 
(according to Sanborn) would suggest that the Eocene sedi
ments are beveled by erosion and extend only 1 to 2 miles 
north from Bartle Gap. However, the author recorded atti
tudes of 8° north in the Montgomery Creek formation at Bare 
Rock, and Russell measured average dips of 3 to 5 degrees 
east in the Montgomery Creek rocks southeast of Redding. 
Therefore the northern extent of Eocene rocks is problematic.
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The rocks of this formation are brown to buff arko- 

sic sandstone (deltaic and fluviatile), sandy shale, lignite 
and coal, and lenses of conglomerate. The maximum total 
thickness, was estimated by Sanborn at 2,600 feet in the 
Big Bend area, although others (Oilier, 1906; Anderson and 
Russell, 1939) were less generous, finding maximum thickness 
between 300 to 1,000 feet elsewhere.

The basal part of the unit consists of soft and in
competent brown shale beds, that cause a radical change in 
the topography east from their contact with the Modin forma
tion. Carbonaceous shale with plant remains and lignitic 
coal are interbedded. The upper part of the unit is soft, 
friable, light buff arkosic to micaceous sand which forms 
rolling hills. Calcareous sandstone concretions are charac
teristic of these beds, giving rise to "cannonball" areas. 
Individual grains in the sands are subangular to subrounded 
and poorly sorted; quartz amounts to 50 percent, feldspar 
40 percent, biotite 5 percent, and clay cement 5 percent.

According to Anderson and Russell (1939) material 
composing the Montgomery Creek beds was transported by 
streams from the east or northeast, as evidenced by cross 
bedding and lithology of included pebbles. In the Big 
Bend area, the northerly trending belt of sediments was 45 
by 18 miles in extent (Sanborn, I960).
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Tuscan Formation

Reconnaissance mapping south of the Bart 1e Gap vol
canic rocks in the vicinity of Curtis Lake near the head of 
Kosk Creek, reveals what may well be the northernmost expo
sures of the Tuscan formation. A hint of the total area of 
outcrop is given on the Alturas Sheet of the Geologic Map of 
California, 1958 edition. Gay and Aune have drawn thereon 
an area of Tertiary pyroclastic volcanic rocks, undiffer
entiated, in a northerly trending belt extending 8 miles 
long by 2 to 3 miles wide, from Kosk Creek to the head of 
Indian Creek.

The Tuscan formation has been described in master
ful detail by Anderson (1933), after initial description by 
Whitney (1865), and Oilier, who named the unit, (1889,
1895). The formation includes andesitic and basaltic 
breccias and tuff breccias, tuff, volcanic sand, volcanic 
conglomerate, and tuffaceous clay. In the area north of 
Curtis Lake, breccias, tuff breccias and tuff, with minor 
volcanic conglomerate,occur. The thickness of the beds is 
only estimated because of the great variation in attitude in 
these rocks, partly deposited in mud flow deluges; more than 
900 feet of relief is developed in the formation near Curtis 
Lake. The formation, because of its torrential habit of 
deposition, ranges in thickness from a few feet to more than 

1,000 feet (Anderson and Russell 1939, p. 231). It has
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further been noted that the greatest exposed thicknesses 
are in the breccias near the eastern (east of 122°W. longi
tude) parts of the formation; protected by volcanic cap rock, 
the exposures mapped herein are thick although quite small 
in areal extent.

Anderson (1933) recognized that the breccias are 
probably the products of mud flows; interbedded volcanic 
sediments are breccias reworked and transported by streams. 
Conditions of deposition (thinning to west, increase of fine 
sediments to west) indicate that the source of the volcanic 
breccias was volcanoes east of Mount Lassen. The formation 
is established as upper Pliocene in age by interfingering on 
the west side of the Sacramento Valley with the Tehama for
mation, which is dated as upper Pliocene by vertebrate 

foss Ms.
The Tuscan formation unconformably overlies the 

Montgomery Creek formation; it is overlain uncopformab1y in 
turn by the Bart 1e Gap volcanic rocks. Bedding dips were 
moderate (18° to 40°), to the west and southwest where ob
served, but a gentle regional dip eastward prevails in the 
type location of the formation.
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Vo 1 can i c Rocks 

Long Ranch Basalts 

Location and 1 ithology

The oldest Tertiary volcanic rocks occur in the 
southeastern part of the mapped area. Unfortunately, a 
deep red soil cover and heavy vegetation precludes observa
tion except in a few stream canyons, rail and roadcuts, 
quarries, and timber cleared areas. The boundaries of the 
unit are mostly indefinite, but have been extrapolated 
reasonably from limits of outcrops, float, field soil 
characteristics, vegetation, and topography.

The rocks vary 1ithologically, but are generally 
dark gray olivine-basalts. They typically weather to sub- 
rounded or rounded boulders of fresh rock within plates of 
altered exfoliating rock and red soil (figs. 7,8, and 9) 
Auto-brecciation during flow accounts for this characteris
tic in part, but the bouldery structure is a general fea
ture. In deep cuts, flows are notably dark, dense, fine
grained, and compact. Faults develop a platy or blocky 
habit in the rock, with abundant Fe-Mn covered siickenslide 
surfaces. Typical exposures occur in the roadcuts south of 
Long Ranch, and the unit name is derived from that locality.



Extent and origin

The unit is exposed over 85 square miles of the map
ped area. This extent includes many individual flows, and 
a time span which may include late Miocene to late Pliocene. 
No contact relations with the Montgomery Creek or Tuscan 
formations were observed. Absence of definitive pyroclastic 
units which characterize the lower to upper Miocene Cedar- 
vi Tie volcanic rocks preclude correlation with all but up
per basaltic flows of that unit. (Cedarvi11e formation 
equivalents do exist on Bald Mountain and Red Mountain, 6 
miles south of the southeast edge of the mapped area.) The 
Long Ranch flows are therefore correlated in time with the 
extensive Warner basalt as defined by Russell (1928) and re
peated! y redefined and reconsidered (Powers, 1932; Anderson, 
1941; Gay and Aune, 1958; and Lydon, Gay, and Jennings, 
I960). Attempts were originally made to correlate basalts 
throughout the region east of the Cascades and lump them 
into one strat(graphic unit (Waring, 1908); subsequent work 
has entailed splitting them since investigation near Steens 
Mountain by Fuller (1931) showed disparity of age. Based 
on paleontologic evidence by La Motte (1936), the Warner 
basalts are not older than lower Pliocene but may extend to 
mid-Plei stocene. They may be, in part, older than the Tus
can formation. Thus, the Long Ranch basalts are considered 
to be part of the widespread eruptions of the Modoc Plateau,



Figure 7
Views of the Long Ranch basalts at typical outcrop. 

Bouldery weathering habit is notable; exfoliating blocks are 
seen in lower photograph. Soil develops rapidly as roots 
penetrate fragments.
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Figure 7b



Figure 8

Long Ranch basalts 
south of Pondosa, showing 
apparent mobilization while 
partly congealed. Two 
phases appear: dense holo-
crystal1ine and glass 
charged, vesicular, (pen in 
foreground shows scale).

Figure 9

A flow unit of Long 
Ranch basalts with deep in 
situ weathering into sub
rounded exfoliating blocks. 
Upper part of the flow is 

ves icular.



Figure 8
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post-dating Miocene diastrophism and intrusion. Their 
origin was from fissures throughout the region from Mount 
Lassen northward. Nowhere were sections exposing the base 
and top of the flows observed, so that thickness might indi
cate direction of major sources; apparently thickness is 
quite variable according to the surface of deposition. In 
the type locality of the Warner Mountains, the Warner basalt 
was reported as varying between 15 and 600 feet in thick
ness by Russell (1928, p. 418); Powers (1932, p. 267) sug
gested average thickness of slightly more than 100 feet; 
Anderson (1941) did not see the base. In the area shown on 
the geologic map for this report the same situation exists. 
Relief is not a reliable factor because of successive post- 
depositional step faulting. Certainly the unit is more 
than 200 feet thick in places.

Att ? tude and features

The original attitude of the flows is modified by 
faulting. These are steep, normal faults that trend north- 
northwest in the northeastern part of the unit, and north
west in the southwestern part of the unit (fig. 10). There 
is a distinct shift toward westerly strikes where the unit
is closest to the McCloud Valley syncline. Dips in indi-

ovidual fault blocks are recorded with a maximum of 14 .
The flows are nearly horizontal where not affected by 
faulting.



Figure 10
Views of the fault zone in Long Ranch basalts. The 

top photograph shows siickenslide-marked sheeting zone which 
extends for 40 feet. The last movement was left (southwest) 
side up. Scarp at right is from lumber railroad cut. The 
bottom view occurs 50 yards south, in another zone 50 feet 
wide.
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Figure 10b



No original topographic features appear where the 
Long Ranch basalts are exposed. Reports of common schoel- 
lendome with columnar joints, lava tubes, and pahoehoe exist 
(Anderson, 1941) in equivalent units mapped in the eastern 
Modoc Plateau. in areas of better exposures, surface rough
ness caused by projection of weathering plagioclase crys
tals is reported (Anderson, 1941). This is characteristic 
also of the mapped area exposures, but not regarded as a 
criterion. Vesicular!ty was not persistent or correlative.

Petrography

The Long Ranch basalts are characterized as light to 
dark gray, equi-granular rocks with amber olivine crystals 
and yellowish-green pyroxene studded into a plagioclase 
groundmass. The plagioclase generally accounts for 60 per
cent total volume, pyroxene 12 to 15 percent, olivine 20-25 
percent, iron oxides 2-3 percent, and brownish glassy 
material with feldspar microlites, the remainder.

Plagioclase is labradorite An&g_6g, with only slight 
zoning; pyroxene is iron rich hypersthene; and olivine is 
magnesian. Pyroxene and plagioclase are in diabasic to sub- 
ophitic textural relationship. Olivine crystals are frac
tured; rims are altered to iddingsite and hematite. Uralite 
occurs after augite; clinozoisite occurs after plagioclase 
phenocrysts. (Photomicrographs, fig, 38).
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Bart 1e Gap Volcanic Rocks 

Locat ion and 1i tholoqy

The rocks grouped as the BartTe Gap unit include 
gray olivine andesite flows, pyroclastic scoria and tuff, 
cinders, and hypabyssal andesite plugs. Andesite flows pre
dominate. These rocks are exposed in a belt from Stouts 
Meadow at the southwestern part of the mapped area, eastward 
for 12 miles to Bear Creek valley. The maximum width of the 
belt is approximately 3 miles. A second, separated expo
sure of the unit occurs along the Dead Horse Canyon Road in 
the center of the mapped area. This exposure is 2 miles 
long in a northerly direction, and 1 mile wide. The unit 
is also exposed in a third, small area trending northerly 
near Shirtail Camp south of Little Black Fox Mountain. The 
name of the unit is taken from Bart 1e Gap Pass, a low saddle 
in Skyline Ridge caused by headward erosion of the McCloud 
River. The best exposures, including a typical section, 
may be seen from Bart Te Gap westward along Skyline Ridge 
(fig. 11).

Extent and origin

The mapped extent of the unit is approximately 30 
square miles; there is little doubt that these rocks under
lie much of the central and western parts of the area where 
younger rocks now are exposed. The Bart 1e Gap rocks may



Figure 11

a. A panorama of Skyline Ridge, looking southeast toward 
Bart 1e Gap. Successive flows of the Bart 1e Gap unit 
overlie the Modin formation in erosional contact. Mush 
room Rock is on center skyline, Kosk Creek canyon is at 
right center of photograph, Tuscan formation (Tt) is 
barely seen in right center, and pre-Pliocene volcanic 
rocks and lake beds of Chalk Mountain (south of mapped 
area) are on the right horizon.

b. Skyline Ridge, west of 11a, this page, looking east, 
shows a section of Bart 1e Gap rocks overlying Mod in 
formation. The small earth and rock slide in left cen
ter of picture occurs where a small spring at the con
tact is sapping softer underlying rocks.
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Figure 11b
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extend north to coalesce with contemporary flows from the 
Medicine Lake Highland. The extensive flows appear similar 
to Modoc province rocks 1ithologically and chemically. They 
originated in fissures and vents which were extruding lavas 
and pyroclastic materials in late Pliocene (?) along a belt 
extending from Lassen Peak to Oregon, These rocks did not 
build shields and cones characteristic of volcanic rocks of 
the High Cascades, but rather are apparently the remnants 
of andesite and basalt flows with characteristics of the 
plateau lavas such as the Warner basalt and Steens Mountain 
basalt.

Att.itude and features

The flows and pyroclastic rocks comprising this unit 
have a generally consistent southeasterly strike in the map
ped area; dips are to the northeast in the main area of out
crop. Anomalous strikes and dips are recorded near fault 
or fissure areas and variations in the attitudes also occur. 
Most significant of the variations is that the dips on the 
crest of Skyline Ridge become southwesterly, and the dips 
in the exposures near Dead Horse Canyon are distinctly 
southwest indicating that post-depositional folding occurred 
along east-west axes in late Pliocene (?) and Pleistocene 
time. A synclinal axis has been traced through the McCloud 
Va11ey.
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The surface of deposition for the Bart 1e Gap vol

canic rocks was the eroded Mesozoic rocks, Eocene Montgomery 
Creek formation, and Pliocene Tuscan formation. In addition 
to the erosional unconformity, angular discordance exists 
with the Eocene and Pliocene rocks, which had been upwarped 
in the west. The relief of the surface of deposition is 
gentle. The flows and included pyroclastics total almost 
600 feet (580 feet) in thickness; a part probably has been 
reduced by erosion. Thickening indicates the direction of 
flow was from the east.

The topographic character of the Bart 1e Gap flows in 
the main area of outcrop is best summarized as erosional: 
an east-west dip slope ridge with a steep southern escarp
ment and gentle northern slope. The northern slope is in
tricately dissected by small, youthful tributaries of the 
McCloud River, so that rib-like northerly trending ridges 
such as Lone Pine Ridge protrude from the spine of Skyline 
Ridge. There is almost 1,400 feet elevation difference be
tween the exposures of the unit on Skyline Drive and the 
contact with the Black Fox rocks; relief within the unit is 
as much as 520 feet, carved by Bull Creek. Headward erosion 
by Star City Creek and Tate Creek have breached these flows 
at the southern ridge crest and these streams are flowing in 
the Triassic basement rocks. Joints appear to control the 
northerly ridge valley system.
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The steep southern scarp is marked by sub-columnar 

jointing and weathering. It is high enough to be snow 
covered from November to July in some years with consequent 
freezing and thawing; storms from the Sacramento Valley at
tack the ridge with much precipitation. Hence mechanical 
weathering precedes at a rapid pace. The contact between 
volcanic rocks and basement sediments is a zone of ground 
water concentration with springs and landslips marking and 
contributing to retreat of the scarp (figs. 12 and 13)=

The exposure of this unit near Dead Horse Canyon is 
also erosional; i.e. a dissected northerly trending horst 
block. The third exposure is a ravine cut into a slight 

upwarp.
Original volcanic topography no longer exists on 

the present surface. Soil horizons are developed between 
some flows; no evidence of old pressure ridges, tumuli, 
schol1endomes etc. were discovered. These were apparently 
quiet eruptions with little trapped gas.

The pervasive deep mantle of soil and heavy timber 
growth on all surfaces of the Bartle Gap unit except the 
steep scarp south of Skyline Ridge frustrate efforts to sub
divide the unit into individual flows, A reasonable sche
matic map can be obtained by utilizing the flows measured 
on the scarp and the prevailing dip, but an attempt to 
prove the accuracy of such a method failed to gain sub
stantiation by outcrops. Available aerial photographs are



Figure 12

a. Looking west at the landslip at the contact of Bart 1e 
Gap rocks with the Modin formation, off the Skyline 
Ridge.

b. Detail of the landslip. The climber is near erosional 
contact between Triassic and Pliocene rocks. Volcanic 
breccia and bombs are in dark gray tuffaceous matrix.

\



Figure 12b



Figure 13

Detail of contact between Mod in formation and Bart 1e 
Gap volcanic rocks in slide area, showing bleached zone and 
rubbly structure of the base of volcanic section.

Figure 14

Pyroclastic rocks in the Bart 1e Gap formation. The 
exposures are along an old lumber railroad grade north of 
Skyline Ridge, showing ash, scoria, and rafts of basalt in 
an eroded feeder cone.
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Figure 14



Figure 15

Topmost hypersthene andesite of the Bartle Gap unit 
looking southeast toward Lassen Peak over Skyline Ridge, 
Platy habit is well developed here.

Figure 16

Platy andesites of the Bartle Gap unit dipping 
gently northeast near the head of Raccoon Creek.

s
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Figure 15

r > w -

Figure 16



Figure 17

Platy flows of the Bartle Gap volcanic rocks» In 
the upper photograph, the pen is aligned with flow linea- 
tion« The lower photograph shows rock massive within 
plates.
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Figure 17b



Figure  18

Weathered p1aty andesite from the lowermost flows 
of the Bartle Gap flows; the view westward shows the piaty 
mass dipping northeast.

Figure 19

Welded glass and ash with tuff and scoria from a 
pyroclastic zone in the Bartle Gap rocks.
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Figure 19



Figure 20

Tuffaceous part of the Bart 1e Gap volcanic rocks 
near Elk Wallow. The beds dip gently left (southward).

Figure 21

Compacted pyroclas'tic (ash) member of Bartle Gap 
flows with lenses and fragments of basalt. Aluminum note
book shows scale.
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Figure 21
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almost useless In this terrain for geologic purposes.
Along Skyline Ridge, several flow units as well as inter- 
bedded tuff, ash, and cinder beds are segregated. A major 
pyroclastic unit is distinguished in Bull Creek.

Pet rography

The flows of this unit can be generalized as medium 
to coarse-grained platy andesites, light gray to reddish 
gray in color, non-porphyritic or containing either yellow
ish-green olivine phenocrysts (basal flows), pyroxene- 
rimmed olivine phenocrysts (middle flows), and hypersthene 
phenocrysts (upper flows). In one locality near Mushroom 
Rock, a dark vesicular phase was sampled; it terminates 
abruptly against the general platy 1i thology. In the Medi
cine Lake area, surface phases of the platy andesites are 
persistently dark and vesicular, while interior platy phases 
are light gray and massive. Within the caldera at Medicine 
Lake these individual flow units are persistently 20 to 25 
feet thick (Anderson, 1941, p. 363). In the Skyline Ridge 
area, the flows are 80 to 100 feet thick.

The platy andesites of the Bartle Gap unit are 
generally fine-grained (crystals are less than 1mm) phaner- 
itic rocks, with very few olivine and plagioclase pheno
crysts. The photomicrographs of samples Ga 4-10 (fig. 40) 

and Ga 4-13 (fig. 39b) illustrate the general texture.
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The groundmass texture is holocrystal 1 ine and pMotaxitic. 
Sample Ga 4-18, figure 39a, was intentionally cut to illus
trate an unusually large assemblage of pyroxene, olivine and 
plagioclase phenocrysts.

In the platy olivine andesites, plagioclase (calcic 
1abradori te rim, sodic bytowni te interior) is prevalent as 
phenocrysts. Olivine phenocrysts vary greatly in size from 
large, coherent crystals 2 millimeters in the longest dimen
sion to small, second generation prisms between shards and 
microlites of the groundmass minerals. Total olivine con
tent is less than 5 percent. Pyroxene (augite) is also a 
phenocryst constituent, less than one percent. Andesine to 
1abradori te plagioclase, frames pyroxene (augite, minor 
hypersthene (?).) and opaque iron minerals. The texture may 
tend toward trachi tic where there is parallel orientation 
of plagioclase; specimen Ga 4-13 illustrates the feature in 
a local band which probably illustrates localized plastic 
flow in the partially congeal rock. Some cryptocrystal 1ine 
specimens were observed, but none of the i ntergranu!ar tex
ture mentioned by Anderson. The groundmass feldspar ac
counts for 55 to 65 percent of the rock; pyroxene, 25 to 40 
percent; iron, 2 to 4 percent.

In the platy, olivine-free andesites, the absence 
of olivine is noted in composition of the total mineralogy.
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phenocrysts as well as groundmass. The average plagioclase 
phenocryst is andesine, and hypersthene, as well
as augite, appear as phenocrysts in some specimens.

The groundmass of the platy interior phases is again 
generally holocrystal1ine, p i1otaxi tic, but small crypto
crystal Tine to glassy areas were noted. Trachitic texture 
occurs in many specimens. Traces of apatite and ilmenite 
among the iron oxides are present in this phase. Composi
tion is slightly different from olivine bearing platy ande- 
sites; plagioclase, Angg.^g, &5 to 70 percent; pyroxene 
(hypersthene), 12 to 18 percent; iron oxides 3 to 6 percent; 
plus traces of ilmenite, apatite, and glass, also possibly 
alkalic feldspar.

Black Fox Mountain Volcanic Rocks 

Location and 1ithology

A group of round to oval steep-sided cones consist
ing of coeval, basaltic andes i te flow rocks are prominent 
features in the east and central parts of the mapped area. 
These cones have been built by successive flows mainly of 
bluish-black to dark gray, massive to platy, porphyri tic 
basaltic andesite. Conspicuous white plagioclase feldspar 
phenocrysts appear in most of the flows, but some aphyric 
units occur. Coarse-grained andesite plugs are exposed near 
several summits. These cones are thought to be the eastern
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margin of large province of such rocks; they represent an 
eastward extension of the High Cascades onto the Modoc 
Plateau.

Extent and origin

The highest of the group of cones, which coalesce 
at their bases, is Black Fox Mountain, after which the rocks 
of this unit are named. Other members of the group are 
Little Black Fox Mountain, Buck Mountain, and Bear Mountain 
(figs. 22,23,24). The last named cone is separated area 11y 
from the others by younger valley basalt flows. An easterly 
trending belt of Black Fox rocks on the south side of the 
McCloud River is also cut off from the main body of cones by 
younger basalt flows. Approximately 70 square miles of 
this unit are exposed; at least 20 square miles more are 
covered by younger rocki

Available evidence of attitudes and features pre
sented below indicates that this unit consists of Pleisto
cene composite cones built over a large flatish shield of 
early Pleistocene basaltic andesite, corresponding to fea
tures such as Deer Mountain, the Whaleback and Goose Nest 
Volcano in the Macdoel quadrangle mapped by Williams (1949), 
and to scores of similar High Cascade volcanic centers on 
the east side of the province's axis from northern Califor
nia to Canada. Eruptions were guided by a fissure and fault 
system trending west of north*



Black Fox Mountain (right) and McCloud Valley fault 
scarp, looking west toward Mount Shasta, some 25 miles 
distant. The flats between Mount Shasta and Black Fox 
Mountain are veneered with fluvial-glacial debris car
ried by Ash Creek.

Black Fox and Little Black Fox Mountains viewed looking 
east, showing steep slopes of cones (12°) and flattened 
summits. ' ,
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Figure 22a

Figure 22b



Figure 23

View westward to the profile of (left to right) 
Still water and Sheep Heaven Buttes, Little Black Fox and 
Buck Mountains from the site of Hambone, a former lumber 
camp. The foreground shows typical upland topography of 
the Hambone basalt unit. Thick dust covers the roads in 
local ash and pumice filled basin.

Figure 24

Bear Mountain cones viewed from the northwest. The 
summit lookout tower is faintly visible near the right edge 
of the woods on the skyline. The saddle is on the trace of 
a fault zone.



Figure 24
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Attitude and features

The original shield can be visualized from (1) 
break-in-slope, (2) gentle attitude of flows, (3) lithologic 
variation to a platy, non-porphyr?tic phase at a few places 
near the south central margins of the unit, and (4) the pre
vailing spring level at 5,000 feet (plus or minus 100 feet) 
on the southeast, and north sides of the main cone group„ 
(The steady water table is at 4,700+ feet at Deter Well, 
according to a measurement made in the field in 1961). The 
shield may be equivalent in age to part of the post-caldera 
flows of the Medicine Lake area.

The oldest of the cones are probably Sheep Heaven, 
Stillwater Butte, and Hill 4365, in the southern part of 
the mass. Masonic Rock and Lookout Point areas would follow 
in the sequence, and then Little Black Fox Mountain, Buck 
Mountain, and Black Fox Mountain. Bear Mountain appears to 
be roughly equivalent to Masonic Rock in age. The exposures 
south of the McCloud River may have had some, local sources, 
but appear to be derived from flows pouring across ante
cedent McCloud Valley flats from the southern cones of the 

main mass.
All the cones have been vigourous1y eroded and sap

ped by marginal spring action. No original craters or flow 
fronts exist as topographic features. Local centers of 
eruptions are evident. Steep unstable slopes of the cones
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are marked by slides. No evidence of glaciation was obser
ved. The maximum altitude of the cones is 6,502 feet; 

Williams (1949) found altitude in excess of 7,000 feet was 
necessary tb support a small Pleistocene (Wisconsin) glacier 
on Haight Mountain. Rainbow Mountain, Dry Creek Peak, and 
the Medicine Lake Highland just north of the mapped area 
also established cirques above 7,000 feet.

The lowest altitude of exposed Black Fox volcanic 
rocks is 4,000 feet; at least 2,500 feet of relief is de
veloped, considering maximum height of the peaks. Indivi
dual flow units are 25 to 40 feet thick.

The Black Fox rocks were erupted from vents and 
fissures onto a surface of moderate relief, probably part 
constructional. The base for the shield and subsequent 
cones is the thick sequence of Pliocene and Pleistocene (?) 
platy andesites that flowed onto the Western Modoc Plateau 
from sources along the axis of the High Cascades, from 
Mount Lassen northward. Equivalents are found at least as 
far north as Crater Lake. Below these andesites are pro
bably more volcanic rocks from the Western Cascades pre- 
Pliocene flows and pyroclastic eruptions. The older Ter
tiary and Mesozoic basement is at unknown depths below.



Pet roqraphy

The vast volume of rocks within this unit is re
markable for the intra-unit similarity in lithology, petro
graphy, and apparently, chemistry. A similar comment was 
made by Williams (1949, p. 35) in the Macdoel quadrangle for 
individual shields surmounted by coeval, coalescing cones.
The similar descriptive parameters indicate extremely uni-

' ■

form extrusive activity over the eruptive time span.
The rocks are block lavas; they range in texture 

from hypo- to hoiocrystal1ine. Some flows near the top of 
Black Fox Mountain, above the saddle with Little Black Fox 
Mountain and near Lookout Peak, are dense and aphyric, but 
most of the suite is porphyr i t i c, with 5 mm. to 10 mm. 
phenocrysts of feldspar profusely scattered throughout the 
rocks. The largest phenocrysts distinguish the flows of 
Hill 4365, the oldest cone.

Thin sections showed a narrow range of characteris
tics. Olivine is infrequent, and never exceeds 1 percent. 
Phenocrysts of prismatic pyroxene total from 2 to 5 percent 
of the volume, approximately half of which are augite and 

half hypersthene. Plagioclase phenocrysts, An^g-sS may to
tal 25 percent of the volume. These are euhedral to sub- 
hedral, lath to blocky shaped, twinned, zoned, and not re
sorbed. Small glass inclusions and sausserite are common 

in the plagioclase. The groundmass is intersertal, or



pilotaxitic, with 50 percent plagioclase (some micro!ithic)

(Anij.ij._50) > augite, and hypersthene in minute anhedral grains 
Opaque minerals may amount to 2 percent. Brown glass is 
interstitial; tridymite was not positively identified. Low 
KgO content precludes potash feldspar presence.

The andesite plug is hoi©crystal 1ine, medium grained 
with granitic texture. Phenocrysts are absent, but total 
feldspar and other constituents are the same in volume. The 
plagioclase composition is An^Q-i^. (Photomicrographs, 
figs. 41, 42, 43).

Algoma Basalts

Location and 1ithology

The Algoma olivine basalts are exposed or thinly 
mantled in the unconsolidated surficial deposits in the 
McCloud River valley. Algoma is a Forest Service camp site 
near the junction of the McCloud River and its tributary 
Bull Creek. Excellent exposures of the unit are found west 
and south of Algoma; the unit is weathered by seepage and 
buried under fluviati1e silt, sand, and gravel east and 
north of Algoma.

Extent, origin, att i tude, and features

Approximately 25 square miles are covered by the 
Algoma basalts, which are the oldest of the valley fissure



flows exposed In the area* Estimated age of the unit based 
on relations to the other volcanic units, Is mid-P1 elsto- 
cene. The fissures or vents from which they were erupted 
are covered by several successive generations of flow units; 
the origin is presumed to be to the northeast, and in the 
McCloud Valley* The basalts appear to be nearly horizontal 
in all locations; the surface gradient along a slope of de
position, from 3,700 feet elevation in the west to 4,200 
feet elevation in the east, is less than 1 degree. Relief 
perpendicular to the direction of flow caused by incising 
of the McCloud River indicates total thickness in excess of 
300 feet; in part this relief may be caused by structural 
down-warping on the McCloud Valley syncline. The basalts 
flowed down through the antecedent McCloud River valley and 
therefore thin to the north and south from a central axis 
of thickness.

The Algoma basalts followed at least the earliest 
outpourings of the High Cascade lavas from the cones of Hill 
5650 and others of the Black Fox Mountain group. By pour
ing down the valley the Algoma flows interrupt the continu
ity of Black Fox unit outcrops* A belt of Black Fox vol
canic rocks on the south is separated from the parent cones. 
The McCloud Valley area was tectonical1y active during this 
time, slowly warping down into a syncline, accentuated by 
faults. Perhaps evacuation of magma added to the total sub
sidence. The age and weathering of the unit mask most



original surface topography and structural features which 
may have been present. Low areas are weathered to yellow
ish-brown clayey soil; ridges are mantled by huge boulders, 
especially near Fourmile Flat. The base of this formation 
was not observed.

Petrography

These rocks are quite similar to the Pliocene- 
Pleistocene Warner basalt. Where fresh, the basalt is dark 
gray, with small but prominent yellowish-green olivine or 
plagioclase phenocrysts within a plagioclase lath mesh.
This open but interlocking plagioclase network is apparent 
even in hand specimen; the texture is termed diktytaxitic 
(Fuller, 1931, p. 116) or net-like. Varieties of the 
Algoma basalt are massive, vesicular, and blocky. The over
all texture is interrupted by the open plagioclase crystal 
network projecting into cavities. Thin sections show 
ophitic to sub-ophitic, holocrystal1ine to hypocrystal1ine 

texture.
Plagioclase is very slightly zoned and ranges from 

An^o-68» averages 58 percent of the rock (56 to 59 percent 
range); crystals are euhedral to subhedral and lath to 
acicular shaped. Pyroxene is non-pleochroic augite, 16 per
cent; crystals are generally subhedral, rimmed by uralite (?). 
Olivine is magnesian rich, 24 percent, crystals are
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subhedra1 to anhedral, with corroded borders and iddingsite 
replacing olivine. The remainder of the rock consists of 
opaque minerals.

Colby Meadow Porphyritic Basalt

A small flow of light gray, porphyritic, hypocrys- 
talline basaltic andesite is exposed in hills near the head
waters of the McCloud River. Colby Meadow is a large swampy 
area in the center of the exposures, and the name of the 
unit is derived from that location.

The flow is only 4 square miles in extent. The 
unit is considered to be one of the coeval to post-Black Fox 
Mountain intracanyon flows which was erupted from fissures 
on the flanks of the southern (older) members of the High 
Cascade cones. This local unit is directly athwart the 
McCloud Valley sync line axis; thickening and flow lines 
indicate that the main source is 1 mile northwest of Dead 
Horse Summit, near Hill 4408. The fault trace projected 
through the young canyon below this hill may have been the 
main lava supply rift. The flow unites are essentially 
horizontal.

The lavas are lithologically and petrographical1y 
quite like the Algoma flows, namely pale gray, vesicular in 
part, olivine rich basalt.



Slaggar Camp Basalt

The olivine basalt flows exposed in a 9 mile long 
northerly trending strip through the center of the mapped 
area have been named for Slaggar Camp, a lumber camp and 
watering point on the Medicine Lake road. The maximum 
width of the unit is only 4 miles; at most places less than 
1 mile in width is exposed. Probably twice this extent is 
hidden under alluvium and younger flows to the east. The 
basalt is part of the valley flow units or intracanyon and 
associated fissure eruptions. It covers the northern ex
tent of former valley flows; it overlies the Algoma basalt. 
From rifts and vents to the north and east fluid lavas 
poured southward between the High Cascade shield-shaped 
cones, toward the McCloud Valley. The flows split around a 
high island of Bartle Gap flows, and spread westward around 
the base of the Stillwater Butte to the Twin Springs area.

The unit extends from 4,700 feet elevation in the 
north to 4,300 feet elevation in the south, so that its 
attitude appears almost horizontal; its dip is less than one 
half degree for the most part, increasing to 1° near the 
southern snout according to elevation measurement of the 
surface. The total thickness may be less than 200 feet.
The snout lobes are near the site of the fault-line scarp 
north of the McCloud Valley. The fault pre-dates the flow.
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An estimated 300 feet of throw on the normal fault caused 
nearly level topography north of the scarp, where the con
gealing Slaggar Camp basalt piled up and barely overflowed 
in places.

This unit resembles in detail the vesicular parts 
of the Algoma basalts and is differentiated only on the 
basis of clear field relationships between the two.

Hambone Basalts

Location and 1i thology

A vast sheet of gray, porphyritic olivine aa basalt 
extends from the north central border of the mapped area 
southward to Bear Mountain. Although neither a single flow 
nor from a single source, these coeval, late Pleistocene ba
salts are quite similar in all descriptive parameters and 
are grouped under a single unit name herein. Typical expo
sures and terrain occur near Hambone, site of a large McCloud 
River Lumber Company camp in the early twentieth century.

Extent, origin, and attitude '

Forty-five square miles of the unit are exposed in 
the Bartle and Hambone quadrangles, but another 50 to 75 
square miles may be buried eastward, under subsequent flows, 
(i.e. Glover basalt).



67
The Hambone basalts are part of the inclusive Modoc 

basalt, as defined by Powers (1932, p . 272), This unit ori
ginated in fissures near 6,000 feet elevation on the south 
flank of the Medicine Lake Highland and from additional 
sources down to 4,500 feet elevation, including Hunter's 
Hill and Hambone Butte. The attitude is generally less than 
one degree. However, short, irregular ridges formed by 
post-deposi tional normal faulting modify the initial dips. 
The surface of deposition was the lower flanks of the Plio
cene (?) olivine andesite shield volcano which occupies the 
Medicine Lake Highland, the rolling surface of Pliocene vol
canic rocks to the south, and the Pleistocene non-marine 
and lake deposits of the Fall River valley graben. Nowhere 
is the total thickness exposed, and it must vary from place 
to place. Near Lava Crack Spring, 200 feet are exposed in 

a Recent scarp.

Features

The Hambone flows present a variegated surface, 
mainly blocky aa lava, but with local pahoehoe. Some basins 
have developed soil on air fall pumice which supports pine 
forests. Much of the area between Toad Lake and Lava Rock 
Spring has less than 40 feet of relief per mile. However, 
micro-relief produces a very rough surface. individual flow 

units or lobes are not discernable.



Figure 25

Vesicular, blocky 
flow unit in Hambone basalt. 
Note the ropy (pahoehoe) 
block turned up in left cen
ter of the photograph.

Figure 26

Collapsed lava tube 
in the Hambone basalts, near 
Water Hole. Blocks are 
about 20 inches thick. Note 
the dike in the right cen
ter of the photograph.
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Figure 27

Looking west at thin, blocky basalt characteristic 
of Hambone flows. Pahoehoe surface is seen at bottom left.

Figure 28

Julia Glover Flat and rift in the Glover basalts. 
Southernmost basalt and cinder cones of the Medicine Lake 
Highland, are at far left (north).



Figure 27

Figure 28



Petrography

Lfthology of these basalts varies markedly; dense 
to dictytaxitic, vesicular, porphyritic to uniform textured 
specimens were examined. For the most part, microscopic 
study reveals, the unit is composed of hypocrystal1ine, sub- 
ophitic or intergranular olivi ne-aug i te basalt. Photomicro
graphs (figs. 44, 45) are typical of the suite of samples 
from the Hambone basalts. Plagioclase is twinned, but very 
weakly zoned. Plagioclase (An^-^g) occurs as euhedral to 
anhedra1 crystals, comprising 50 to 65 percent of these 
flows. Lath and acicular shapes predominate; there are a 
few blocky, tabular crystals. Albite and Carlsbad twinning 
are both common. Pyroxene amounts to 12 to 30 percent of 
the unit. it is common 1y subhedral to anhedra!, between 
and around plagioclase and olivine crystals. A few dis
crete euhedral augite crystals also occur. Some rim altera
tion to uralite appears on the pyroxenes. Subhedral to 
broken anhedra1 olivine crystals account for 3 to 10 per
cent of the rock volume. The olivine appears resorbed, and 
corroded; rimmed by augite and replaced by iddingsite. Opa
que ore minerals and interstitial dusty glass are ubiqui
tous in this unit.

Chemical analysis of one of the Hambone basalt 
specimens displayed marked similarity to the composition of



the sub-ophi tic phases of the Warner basalt, although the 
contrast between the holocrystal1ine Warner basalt and the 
hypocrystal1ine unit is apparent.

Trout Creek Valley Basalt 

Locat i on and 1? tholoqy

Trout Creek flows southward along the western bound
ary of the mapped area. It is intermittent in its lower 
reaches. In much the same direction, a basalt flow poured 
through the valley between Masonic Rock and the Rainbow 
Mountains, and is herein referred to as the Trout Creek 
valley basalt.

Extent and origin

The flow is at least 10 miles long, and 3 miles 
wide. It probably spread out in a series of lobate fan 
shapes where it debauched from the constricted valley onto 
the Elk Flat and Ash Creek sink area, but younger fluvio- 
glacial sediments limit the outcrop area. An estimated 50 

square miles was originally covered by the flow.
Although later local flows have obscured the sources 

of the Trout Creek flow, the sources appear to be on the 
highland crowned by Horse Peak and Fisk Ridge (see topo
graphic sketch map, fig. 33). Watakama Butte and
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K1untuchi Butte developed as local centers of activity 
after the Trout Creek flows.

Att i tude

Near the northern sources at about 6,000 feet eleva
tion the surface inclination is 1°; steeper dips, exceeding 
2° occur south of Deter Well, in a 4 mile long constricted 
area; the inclination resumes a gentler 1° attitude near 
Ash Creek, diminishing even more before reaching the McCloud 
River Rail road.

Inasmuch as no complete section of this unit is ex
posed, estimations of total thickness may be far from accu
rate. At least 30 feet of relief on the fresh surface are 
developed. A reasonable estimation is 60 to 100 feet, the 
maximum occuring where the pre-flow Trout Creek valley 
existed. Some further evidence may be inducted by utiliz
ing a unit equivalent in time (late Pleistocene) and pro
bably directly correlating with the Trout Creek flows; 
namely the Butte Valley basalt (Williams, 1949, p. 44;
Wood, I960, p. 28). The Butte Valley basalt has been mea
sured in wells, from 6 to 80 feet thick; it appears to have 
issued from fissures near Stephans Butte and Fish Ridge, 
and flowed north to Butte Valley.
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Featu res

The Trout Creek valley basalt is a black vesicular 
flow dotted with occasional schol1endomes, incomplete ropy 
pahoehoe surfaces, northerly to northeasterly trending pres
sure ridges with surface fissures and low fault scarps.
The topography is modified by air fall pumice litter, es
pecially in the area near Kluntuchi Butte. Several feet of 
pumice have assisted growth of thick pine forests. Only a 
few northerly trending ridges protrude as islands through 
the unconsolidated sediments near Ash Creek Sink.

Petrography

The basalt is very fine grained, black and generally 
non-porphyritic; a few plagioclase phenocrysts altered by 
cli nozoi s i te occur. Near the surface, it is characterized 
by elongated vesicles which contain various amounts of opal, 
pal agoni te and serpentine filling, with completely filled 
amygdules locally.

The average rock in thin section (photomicrograph, 
fig. 46) exhibits hyalo-ophi tic texture, and consists, ex
clusive of amygdules, of the following: small (0.1 mm),
twinned, subhedral labradori te laths, An^g.^, 57 percent; 
corroded anhedral olivine, 2 percent; anhedral augite 7 
percent; and glass charged with opaque iron ores and augite 
microlites, 30 to 35 percent.
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Glover Basalt

Location and 1i thology

The eastern portion of the mapped area is occupied 
by a large sheet of olivine basalt which is called herein 
the Glover basalt, after the locality named Julia Glover 
Flat, in the heart of the flows (photograph, fig. 28).

Extent, origin, and attitude

The basalt is part of a group of Recent Modoc ba
salt flows trending 30 miles in length from the Medicine 
Lake Highland's southern margin to the northern margin of 
the Fall River valley lake sediments. The east-west direc
tion exceeds 10 miles in places, but narrows to 4 miles in 
the area mapped, because it was constricted between West 
Lava Rim and Indian Spring Mountain. It appears to have 
issued from fissures along the southern margin of the Medi
cine Lake Highland at elevations near 5,000 feet, and flowed 

ssouthward toward the Pit River, halting at elevations near 
3,300 feet, in the former Fall River valley lake basin.
The southern edge of the flow is bordered by lakes and 
swamps, attesting to Recent disturbance of drainage.

Near the upper northern margins the flow's surface 
inclination exceeds 2°; however, the slope diminishes to 
less than 1° near the Hambone Road, but increases again to



75
2° near the southeastern edge of the mapped area, and be
comes essentially horizontal in the Fall River valley.

Topographic evidence indicates that the basalt may 
reach more than 100 feet in thickness. A frontal scarp 
nearly that thick exists at the southern margin. On the 
other hand, the basalt may be generally less than 100 feet 
thick, accumulating that thickness only by piling up near 
the stiff, congealing southern margin. Only one feature, 
Timbered Crater, an island of older rock 300 feet high, 
rises above the basalt. The underlying Hambone basalt has 
general relief less than 50 feet, except for major cones, 
or buttes similar to Timbered Crater.

Features

The Glover basalt's surface features described be-
I

low are those of highly fluidal flows. A suggestion of a 
median ridge is present in the constricted area; however, 
schollendomes, lava tubes (fig, 29), and col 1apse-depressions 
characterize the topography.

Crustal tumescences jut above the general surface 

and schollendomes from a few feet to more than 10 feet high 
are scattered over the flow. The domes are numerous in the 
southeastern or lower most part of the flow. These features, 
together with the corded pahoehoe to aa lava skin and very



Figure  29

Horizontal lava tube in Glover basalt near the Water 
Hole. Vestigial evidence of liquidity of movement; lava 
poured through the tunnel in congealed lava, exhausted 
stream left an opening (approximately 30 feet long).

Figure 30

Frothy spattered surface at the western edge of the 
Glover basalts. The young tree grows in a collapsed schol- 
lendome filled with pumice, ash, and windblown silt.



I

Figure 30



77
thin to totally lacking soil cover, lead to a region tra
versable with difficulty, except where the main Hambone 
road crosses the unit.

Rift sources

A rift chasm and accompanying fault scarp extend for 
nearly 10 miles from Julia Glover Flat to Snag Hill. The 
trend of this rift is approximately N35°W. The height of 
the accompanying scarp is common1y 80 and as much as 160 
feet high. The rift and scarp are not continuous, nor are 
they always in the company of each other, but are easily 
followed along their trace with the aid of a topographic 
map and photographs. The northern anchor of this feature 
is Snag Hill, a Recent cinder cone of basaltic composition. 
Porcupine Butte, a similar cone, occurs approximately 4 
miles further southeastward along the rift. Three miles 
further south, on the McCloud River Railroad, a third cinder 
cone formerly existed. This cone has by this time been 
completely excavated and a pit .4 of a mile in diameter and 
more than 40 feet deep evidences the large amount of cinders 
removed for ballast and fill on the McCloud River Railroad 

lines. Near Julia Glover Flat where the rift is most pro
minent and approximately 30 feet wide, the lavas above the 
scarp are marked by numerous sub-parallel cracks where in
cipient rock falls exist. Projection of the line of the



rift and scarp until it abuts on Indian Spring Mountain 
connects it to the collapsed lava tubes near Mayfield ice 
cave. This rift is thought to be the surface expression of 
a fault in the volcanic bedrock which was probably a feeder 
fissure during the extrusion of the more fluid Recent Modoc 
basalts. The last movement ante-dated the formation of 
Snag Hill, Porcupine Butte, and the unnamed cinder cone at 
the McCloud River Railroad's cinder pit. These 3 features, 
athwart the line, cover it with their cindery ashes, and 
occlude its position. (Projection of this scarp and rift 
line southward out of the mapped area joins it to the Recent 
fault which separates the Big Valley Mountains from the Fall 
River valley). If tectonic in origin, a rift chasm-scarp 
may serve to establish a channel for the most fluid por
tions of a lava flow. Subsequent draining away of the lava 
and collapse would emphasize the chasm rather than mask it. 
Such a feature would then serve as a guide to ice caves and 
water holes in arid regions such as this one. The sugges
tion that these features may be a surface expression of a 
buried fault in volcanic bedrock beneath interbedded sdmi- 
consolidated lake sediments which underlie a more brittle 
lava covered surface was made by Wood (1960, p. 30). One 
small area of fluvial and lake sediments was observed in 
Tufts Canyon at the northwest corner of Indian Spring Moun
tain. These small exposures were sufficient to demonstrate 
that the sediments indeed extend north-northwest underneath
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the extensive lava surfaces (figs. 31, 32). In his report 
on the Fall River valley, Swansen (1961) was led to conclude 
that the flows from the Medicine Lake area were poured out 
on lake sediments which extend north of their present out
crops within the Fall River valley.

Western margin and lava tubes

A second scarp, trending approximately N20°W and 
quite ragged in its aerial appearance, marks the western 
limit of the Glover basalts. This scarp is know locally 
as the "West Lava Rim". It is a fairly distinct boundary 
between the commercial pine forests which have been ex
ploited for more than half a century, in the older lavas on 
the high, hilly ground to the west, and the barren, scrubby 
and brush covered Recent lavas in the low sloping area to 
the east. The fault which probably exists buried beneath 
the talus of this scarp has not been persistent as has been 
that on the east, judging from the irregular topography.
In any case, it was sufficiently high (more than 160 feet) 
so that the Recent Modoc lavas did not top it and flow 
southwestward past it. Therefore its age may be late , 
Pleistocene to early Recent,

This western lava rim probably marked the western 
shoreline of a lake which formerly occupied the Fall River 
valley. A meandering lava tube, sub-parallel to the west
ern lava rim, is developed for a distance of more than 7



Figure 31

Fluviatile sediments below thick bedded blocky ba
salt of Miocene (?) age, near Indian Springs Mountain. An 
abandoned railroad grade is marked by line of bushes. The 
dip is 14° northeast.

Figure 32

Contact and baked zone of sedimentary rocks and lava 
pictured above. 'Lacustrine and fluviatile material mostly 
tuff and silt. Soft state is attested by inclusion of bomb 
fragments.



80

Figure 31

Figure 32



miles from the northern boundary of the mapped area south
ward nearly to Hambone Butte. The roof of this lava tube 
system, which is nearly 4 feet thick, is collapsed in many 
places so that one may enter the tube and walk through it 
at length. The intersertal basalt in which the tubes are 
developed is massive blocky lava. The surface here consists 
of fresh shiny pahoehoe skins. The tubes where explored 
average about 30 feet deep and 60 feet wide. Smaller tribu
tary and connecting tubes lace through the area (fig. 29). 
Numerous branches exist to the lava tube system and a wide 
variety of polished surfaces, froths, stalactites and sta
lagmites, spatters, and flow streams are preserved in this 
area. Opal coats the basalt surfaces near the subterranean 
pools of water. According to the definition of Anderson 
(1941), the appearance of the lava tubes and pahoehoe sur
faces of the lavas to the east of this rim would mark them 
as earlier products of eruption insofar as the Modoc flows 
are concerned; however, although he characterized the flows 
in the Lava Beds National Monument by such criteria he 
noted that, "On the southern flank of the highland rather 
recent flows of the pahoehoe type" centered about Giant 
Crater, approximately 5 miles north of the present mapped 
area. It is felt that in this area south of the Medicine 
Lake Highland, one cannot specify relative age of the Modoc 
basalts according to the presence or absence of the lava 
tubes and pahoehoe surfaces. The possibility was considered
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that a narrow northerly trending strip of an older Modoc 
flow might crop out just east of the rim, but photo and 
ground search failed to reveal any such contact.

Petrography

The Glover basalt represents the Recent, fluidal 
olivine basalts in the Modoc area. In thin section, the 
intersertal texture predominates (fig. 47), but grades to 
intergranular or hyalopil?tic textures. Subhedral to an- 
hedral, acicular to blocky plagioclase crystals, about 1mm 
long, pale green anhedral augite, and small, corroded oli
vine crystals are separated by dense, dark glass, or mix
tures of glass, ore minerals, and pyroxene. In those speci
mens where interstitial glass decreases, the texture tends 
toward sub-ophi tic.

Mineral composition varies as does texture. Plagio
clase occurs as twinned labradorrte (An^g) to 1abradorite- 
bytownite (Anyg); percentage ranges from 52 to 58 percent. 
Pyroxene (augite) is present in amounts varying from 3 per
cent (surface phase) to 30 percent (interior phase with 
intergranular texture). The presence of needles of augite 
separating olivine was reported by Anderson (1941, p. 386) 
but not seen in that habit.

Olivine is a ubiquitous mineral, although generally 
varying from 11 to as little as 3 percent total volume.



STRUCTURE

Local-General

The volcanic rocks within the mapped area are 
characterized by two major structural features which have 
altered the constructional volcanic 1andforms„ One is a 
synclinal fold with axis trending west-northwest through the 
McCloud River valley (see geologic map, fig. 2). The other 
is a high angle normal fault system. Although individual 
faults are simple in detail, the system is complex. Local 
structural elements will be discussed in detail, and syn
thesis will be attempted within a regional tectonic concept.

Structural relationships suggest at least 5 episodes 
of tectonic activity. The older 3 episodes affect only the 
pre-Pliocene rocks, and have been discussed within the sec
tions describing those rocks and in the Structural Summary. 
Pertinent points concerning structure of the Modin formation 
will be recapitulated below in the tectonic discussion.

The latest two tectonic episodes consist of (1) 
folding along east-west axes coincidental with northwest
erly faulting commencing in late Pliocene and continuing to 
Pleistocene, and (2) Recent northwesterly block faulting. 
These episodes are discussed in turn, through their repre
sentative features.

83
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McCloud Valley Syncline

The structure herein described as the McCloud Val
ley Syncline (geologic map, fig. 2, also structure section 
B-B1, fig. 3) extends for 10 miles west-northwestward 
through the mapped area. The interpreted axis is traced 
on the geologic map, fig. 2. The syncline may extend fur
ther westward, but the Bart 1e Gap volcanic unit key which 
serves as structural indicator, is hidden to the east by 
Recent basalts, fluvial-glacial outwash, and finally by the 
mass of Mount Shasta.

Primary evidence for the syncline is recorded in 
dips of the Bartle Gap volcanic rocks. Along Skyline Drive, 
the topographic and structural high of the southern limb of 
the fold, dips are horizontal to a few degrees southward. 
Northward, approaching the McCloud River the attitude of 
the flows averages 15° northward. The flows are hidden by 
younger rocks in the center of the trough. However, in 
Shirtail Canyon and west of Atkins Meadows, isolated expo
sures of the Bartle Gap unit occur, with dips of 8 to 15 de
grees southward. It is proposed that the Bartle Gap vol

canic rocks, mostly andesite flows, were erupted from fis
sures extending from the Medicine Lake Highland toward the 
Lassen Peak area in late Pliocene (?) to form a plateau 
possibly including the ancestral Pit River valley. Late 
Pliocene warping occurred which amplified the basement
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anticline in the Pit River and Kosk Creek area (Sanborn, 
I960, p „ 18) and downwarped the Bart 1e Gap volcanic rocks 
in the McCloud Valley, these features were part of a 
series of easterly trending folds produced north of the 
Mount Lassen area during late Pliocene tectonic activity.

Subsequently, the Black Fox volcanic rocks were 
erupted from shield volcanoes beginning in early Pleisto
cene (?), filling the structural and topographic trough and 
lapping against the southern limb of the syncline. It is 
proposed that the syncline continued to move lower, no 
longer from compressive stresses, but as a sag. First, 
there was relaxation of the compression; second, the valley 
rifts opened and released large volumes of basalt which 
erupted intermittently throughout Pleistocene and Recent 
time, sapped the terrain above local Cascade-Modoc magma 
chambers. Normal faulting combined with the evacuation 
sagging, mostly along the north-northwesterly direction of 
tension fractures established by the Pliocene compress ive 
stresses, and also in the west-northwesterly direction, to 
emphasize the total downward bowing of the syncline.

The geomorphic evidence of the syncline is illus
trated by the views from the Hambone Road near Stillwater 
Butte, (fig. 22) and from Stildier Mountain Lookout, 20 
miles southeast of the mapped area (fig. 4).

The McCloud Valley syncline as a local structural 
element indicates the persistence and importance of the



east-west structural direction through the Pacific Northwest 
the direction generally is not emphasized although it will 
be seen to be persistent in time from at least Triassic to 
Recent, and in space from Mount Adams in Washington state 
to the Sierra Nevada in California.

Modoc Plateau Bas i n-Range Normal Faults

The eastern half of the mapped area is character
ized structurally by numerous north-northwest trending 
faults which impart a geomorph i c bas in-range grain on a 
small scale. The fault scarps are of small throw, generally 
less than 200 feet, but young enough to be well marked 
topographically in an area of youthful first-cycle erosion. 
Most faults have coarse debris forming a narrow talus strip 
on the downthrown side, obscurring the actual fault trace. 
Craters and small cinder vents are also common along strike 
of the youngest faults. West side or east side occur as 
upthrown blocks with equal statistical frequency.

The block faulting is most apparent in the Long 
Ranch and Hambone basalt units; in the cdntral part of the 
mapped area block slices average about 1 mile wide and 4
miles long. The younger Glover basalt has obscurred all
earlier faults except recurrent major fault from Glover 
Flat to Porcupine Butte. To the west, the faults abruptly 
halt against the Cascade cone islands (Black Fox volcanic 
rocks). A few traces and some suggestions of fault line



morphology exists, but the shield building activity super
posed on the faults' structure apparently masks the basin
range morphology. The different structural response and 
consequent topography are the mark of change from the Modoc 
Plateau to the Cascade geomorphic province. The change is 
not abrupt. The islands of Cascade features extend into 
the plateau. A fault ridge west of the Edson Creek access 
road (and hence west of the Cascade Black Fox Mountain 
unit), marks a fault block in the Recent Modoc affinity . , 
Trout Creek valley basalt. The trace is buried in the al
luvium of Ash Creek.

The fault trends show a marked tendency to swing 
from north-northwest (N3Q0W) to west-northwest (N75GW) in 
the vicinity of the McCloud River syricline. Thus the direc
tions appear to reflect the east-west grain of older meta- 
sedimentary and volcanic rocks.

Dead Horse Horst

In the central part of the mapped area a block 5 
miles long and 1 mile wide, oriented almost due north, has 
been uplifted. The normal bounding faults extend the length 
of the block, terminating abruptly in the north against a 
younger northwest trending fault, and disappearing in the 
south beneath younger volcanic rocks and alluvium. The pro
jection of the McCloud Valley syncline axis extends just
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south of the horst. Black Fox volcanic rocks and Bartle 
Gap volcanic rocks from the northern limb of the syncline 
have been uplifted and are exposed above the surrounding 
Recent valley filling basalts.

The sequence of tectonic events which explains the 
structure and relative position of the rocks in the area 
near the horst blocks i s:

(1) Beginning of folding with downwarping of the 
McCloud Valley syncline. (Late Pliocene (?)).

(2) Initial movement along bounding faults with 
areas to west and east of the block moving down 
relative to the block. Southern part of the 
block continues to sag, influenced by synclinal 

folding.
(3) Eruption of Cascade affinity rocks from a small 

center near the southern end of the east bound
ing fauIt.

(4) Eruption of Algoma and Colby Meadow basalts.
(5) Initial movement along the northwest fault from 

head of Bear Creek to Four Corners.
(6) Eruption of Slaggar Camp basalt.

Four Corners-MeIntosh Wei 1 Fault

The prominent scarp (fig, 22) trending northwest 
from Twp. 40N, Rge. 2E., Sec. 30 to Twp, 40N. Rge. IE., 
Sec. 15, produces an unusual geologic situation. The
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southwest segment was downdropped relative to the northeast 
segment. The northeast segment was tilted gently northeast 
and the fault scarp appeared as a brow. When vents and fis
sures opened to the north and the STaggar Camp basalt was 
erupted, the flow units moved southward down a gentle slope, 
but slowed and were impounded at the level or slightly up
raised lip north of the fault scarp. Only in one area is 
there indication of lapover. Post-depositional sagging 
along the axis of the McCloud Valley syncline and develop- . 
ment of the north trending fault from near Lookout Point to 
Twp. 40N., Rge. IE., Sec. 21 (west side up) impart the pre
sent 1 slope to the topography north of the Four Corners- 
Mclntosh Well fault.

Structural and Tectonic Imp!(cations

General

A significant thought suggested by this study con
cerns the structural framework of the Pacific Northwest. 
Detailed evidence within the mapped area, together with in
ductions from regional history and additional reconnais
sance, lead to proposal of a hypothesis to explain geologic 
features in the High Cascades and Interior Platform geomor- 
phic provinces. The proposal is for a possible lineament, 
trending N65°E (fig. 33) from Mount Shasta through Medicine 
Lake. Continental features on, and explained by the



lineament, include Black Butte, Mount Shasta, Shastina, Ash 
Creek Butte, Rainbow Mountain, Horse Mountain, Haight Moun
tain, Garner Mountain, and Medicine Lake Highland; all are 
loci of volcanic activity. The proposed northeasterly linea
ment does not dispute classic northerly and northwesterly 
Cascade structural trends. Rather, it is intended to demon
strate a complementary relationship between structural 
directions. Orientation of tectonic forces with maximum 
compressional stress in north-south direction and minimum 
stress in east-west direction explains the pattern of fault, 
fold, and bedding attitudes observed in the region.

The northeast structural trend is not strange in 
the Pacific Northwest. It is a clear feature of the con
tinental Interior Platform, whereon the Columbia and Mal
heur Plateaus are situated.

Examples of Easterly Trends

The tectonic map of the United States (1962) clearly 
shows easterly trends west of Mount Adams in Washington and 
in the Blue Mountains in Oregon (fig. 6), Both are areas of 
folded volcanic rocks; the Blue Mountains (including the 
Strawberry Mountains) area was mapped by Thayer (1937) and 
is discussed below. Both these fold areas are north of the 
Quartz-Diorite Line's swing eastward into the Pacific North
west re-entrant. There are also easterly structures (faults) 
in Crater Lake volcanic center. Wizard Island and the
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submerged Merriam Cone, parasitic vents within the lake, 
are on a minor easterly structure cutting at a high angle 
across the northerly tectonic trends (Williams, 1942). 
Williams (1941) also noted that there were most likely minor 
easterly structures between Mount Shasta and Shastina.

A brief reconnaissance was made in the Rainbow 
Mountain area of California, 7 miles north of the mapped 
area. Elongate easterly trending acidic vents were obser
ved. Rainbow Mountain is above 8,000 feet, and much modi
fied by Pleistocene glaciation; dacite plugs are exposed as 
well as quaquaversal dips in dacitic. and andesitic rocks.

The imposition of easterly trends on the northerly 
Cascade tectonic direction is noted in large and small 
structural features.

Thayer (1957, p. 231-232) states.
Geologic mapping in a region covering about 

5,000 square miles in eastern Oregon along the 
southern border of the Columbia River plateau has 
revealed a rather close correlation between the 
petrology of later Tertiary volcanic rocks and 
character of deformation.

...Deformation of the region in late Miocene 
and early Pliocene time caused east-west folding 
and faulting in the Columbia River basalts, but 
broke the bordering lavas up into northwest-trend
ing fault blocks. The differences in deformation, 
apparently under uniform north-south compression, 
are believed to reflect differences in the crust 
and subcrustal layers which are also related to 
the volcanism.

Thayer, of course, worked in an area of strong east
erly trends, namely the A1drich-Strawberry Mountain range.
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Especially in the Strawberry Mountains he found excellent 
exposures which revealed relationships betwen plateau-type 
basalts and other volcanic rocks which were erupted from 
local centers, or vents. Summarizing his evidence near 
Strawberry Mountain, he states (p. 239), "The relations 
around Strawberry Mountain are believed to show growth of 
a shield volcano at the same time fissure flows were piling 
up, the initial dips in both kinds of flows being low enough 
to permit extensive overlap." Exactly such relationships 
are believed to exist in the area east of Mount Shasta 
herein described, although the time is PIiocene-Pleistocene. 
In analyzing the structure Thayer states (p. 239 and 242),

The region under consideration presents two 
seemingly very different patterns of deformation 
which overlap and must have developed simultane- 

. ously. To use a mathematical simile, the equa
tions for Basin and Range block faults and Columbia 
plateau folds must be solved simultaneously. Some 
of the structural units in the transition zone be
tween the two provinces are directly comparable to 
thrust fault blocks and related tear, faults in the 
heart of the Basin and Range province.

The relations between faults and folds and 
restriction of principal deformation to uppermost 
Miocene and lower Pliocene time leave little room 
for doubt that the structures were formed essen
tially simultaneously by one set of forces. The 
west-trending parts of the curved faults such as 
the John Day fault must be regarded as reverse 
faults that flatten at depth. The northwest- 
trending faults are believed to be developed along 
lines of maximum shear under north-south compres
sion, accompanied by strike-slip movement of the 
west side northward and local warping of the fault 
blocks.



93
Notwithstanding the fact that Thayer was dealing with the 
contrast between the Columbia Plateau basalts and Cascade 
volcanic rocks far north of the mapped area, his work lends 
support to the theories developed herein.

Recent work by Donath, (1962) in the Basin and Range 
area of south-central Oregon, almost directly east of the 
Crater Lake National Park, 80 miles from Mount Shasta, led 
to the conclusion that (p. 1),

The contemporaneous origin of...two fault sets, 
the intersection angle of approximately 55°, and 
the nearly vertical dips indicate that the faults 
originally developed as conjugate strike-slip shears 
in a stress system characterized by a north-south 
maximum principal stress and an east-west minimum 
principal stress. Subsequent to the development of 
a rhombic (sic; shear) fracture system, block fault
ing occurred in which the dominant movement on the 
shears was dip-slip. This movement does not re
flect the stress system that produced the faults, 
but represents a redistribution of surface forces 
acting on individual fault blocks.

The rhombic fault system which Donath describes 
consists of sets whose arithmetic means are: (1) for the
northwest set N.33.1°W. and (2) the northeast set N.20.5OE.
It is not proposed that such a rhombic fault system exists 
in northeast California, although some faults have been 
traced trending northeast as well as northwest, nor indeed 
that Donath1s analyses of Basin and Range structures is ac
cepted without question. However, these recent analyses of 
structures east of the Cascade Range demonstrate that when 
one considers the tectonic environment east of Mount Shasta, 
one must consider not only traditional views of the northerly
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and northwesterly Cascade structures but also the influence 
of north-south principal stresses in the interior Platform 
area directly east of the Cascades. This interpretation 
does not refute statements such as that of Williams (1949, 
p . 53) that, "South of Yellow Butte,...faults...must con
tinue southward for a considerable distance, and it may not 
be fortuitous that if they maintain the trends they have on 
either side of Yellow Butte they must come together close 
to the central vent of Shasta." Both faults considered by 
Williams, (one of which he mapped as an inferred fault), 
trend north-northwest. They are approximately 1^ miles 
apart, and converge slowly as they approach Mount Shasta.
It is thought that these faults may be influential in the 
genesis of Mount Shasta. However, it should neither be con
sidered entirely fortuitous that the east-northeasterly 
line from Shastina to Mount Shasta and thence through Rain
bow Mountain, etc., is through the central vent of such a 
profusion of volcanic features.

Interpretation

Several authors have equated the periodic (spatial) 
spacing of volcanoes in some areas of the world to the inter
section of conjugate sets of geo-fractures or lineaments.
The idea stems from deductions by Hans Cloos in the Rhine 
Valley and in the African Rift Valley, based on maximal 
size stable blocks of the upper crust that can retain
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coherence during uplift. Statistics of mean distance (80 
km.) between eruptive centers in the Colorado Plateau were 
noted by Sabels (1960). Other workers have cited examples 
in Chile (Bruggen) and the Galapagoes Islands (Bullard).
The most essential element in Cloos1 idea, a rising plateau 
block, is absent, adjacent to the High Cascade Range.
Epei rogeny has occurred in the Klamath area, but no plateau 
block has been uplifted upon which Cloos' mathematics can 
be imposed. Casual inspection of the High Cascade Range 
from Washington to California indicates a periodicity of 95 
miles between important volcanic centers. However, the dis
tance statistically varies between 55 and 100 miles. If 
lineaments exist, they probably indicate response of the 
continental crust to pervasive through-going geo-fractures 
from the Pacific Basin, rather than response to uplift.

Insinuative evidence for through-going geo-fractures 
from the Pacific Basin is advanced by magnetic intensity 
surveys in the northeastern Pacific Ocean (Vacquier, Raff, 
and Warner, 1981). Reproduction of their magnetic inten
sity map, figure 34, with location of features inland, re
veals some interesting coincidences. The magnetic anomaly 
indicating the Mendocino geo-fracture, if extended east
ward, intersects Lassen Peak, southern terminal of the Cas
cade Range. Lesser anomalies in the northeastern part of 
the Mendocino fault appear to swing northeast from the main 
east-west trend, becoming more easterly as one approaches



FIGURE 34.
MAGNETIC INTENSITY MAP (CONTOUR INTERVAL 50  GAMMAS) OF A PART OF PACIFIC OCEAN BASIN 
( Adopted from Moson ond R o f f , Plate I, 1961)
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the continent. We may speculate that Mount Shasta, Medi
cine Lake Highland, and associated volcanic centers would 
be aligned on a crustal lineament evidenced by a magnetic
anomaly if geophysical evidence were available or obtain- 

1
able. However, as aptly stated by Vacquier et al, p.
1253, "Evidence of the extension of the oceanic faults into 
the continent is weak and contradictory. Its lack of 
definiteness compared to that of the magnetic data in the 
ocean suggests that the geotectonics of the continental 
crust are influenced by the slips along the transcurrent 
oceanic faults without directly taking part in these dis
placements."

A personal communication from J. Affleck to Vac
quier et al stated: "There is evidence from magnetics that
the Mendocino feature may extend eastward from the coast for 
at least 100 statute miles. There is no evidence of hori
zontal displacements, but strong lineaments and changes of 
magnetic character are present."

T. La Fehr is currently engaged in a gravity study 
for the U.S. Geological Survey of the crust near Mount 
Shasta, including the area mapped in this report. He has 
noted anomalies beneath Lassen Peak and Mount Shasta but 
interpretations have not included discussion of a lineament 
thus far.



CHEMISTRY

General Statement

Where extrusive volcanic rocks are hypocrystal1ine 
to exceedingly fine grained and cryptocrystal Iine, petro- 
graphic methods may not adequately describe the specimens 
or analyze the magma» The glass fraction of a flow rock 
cannot always be separated in order to determine an index 
of refraction; feldspar crystals in a late generation may 
be too small to determine anorthite content, Bulk chemical 
analyses provide the only complete and detailed statistics 
to classify a rock in these instances and to determine norma
tive mineralogy.

It was considered especially important to determine 
the composition of the andesitic appearing rocks in the 
area mapped. Hypotheses were formed about the origin and 
position of the Black Fox Mountain basaltic andesites ver
sus the Bart 1e Gap rocks and valley filling basalts after 
field mapping and initial petrographic study; it was thought 
that the rocks originated in different structural provinces, 
and acquired different morphology because geomorphic

98
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province boundaries were also significant boundaries of
i

magma types. Chemical analyses would either support or 
refute the hypothesis.

From the suite of more than 400 specimens, nine re
presentative samples were selected after original hand 
specimen identification was confirmed by the microscope.
The nine samples were analyzed in the Washington labora
tories of the U.S. Geological Survey by Leonard Shapiro and 
assistants. The compositions, expressed in oxide percent, 
are tabulated in tables 1, 2, and 3. Normative minerals, 
based on the analysis are expressed in table 4. Other 
selected analyses are included therein for comparison. The 
new data obtained from samples collected in the mapped area 
supported field and petrographic evidence. Further, con
clusions may be extended on a regional scale with support 
from the modern chemical evidence of previous workers.

^Petrochemical changes in volcanic rocks which occur 
in traverses from west to east across the Western Cascades, 
High Cascades, and Columbia or Modoc Plateaus have been ob
served and remarked upon for three decades. It is not my 
intention to claim a totally new or a contrasting treatise 
for petrochemistry which is present herein. Essential 
agreement with Williams (1935 and 1942), Anderson (1941), 
Thayer (1937), Larson and Cross (1956), Moore (1962), and 
Lutton (1962) is affirmed.

Duplication is known to exist, but treatment herein 
is based upon new, original results in an area where ande- 
sitic rocks have not been investigated. The use of the 
data is to substantiate hypotheses gained during field in
vestigation. Availability of data from other workers in the 
Pacific Northwest has allowed speculation and application of 
hypotheses peculiar to this report, to other areas.
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Hiqh Cascade Andes 11 i c Rocks

Three specimens from the Black Fox Mountain volcanic 
rocks were analyzed. Specimen Ga 1-20 was obtained from the 
coarse plug at the top of Black Fox Mountain, specimens 
Ga 1-C and Ga 1-SH came from.flows on the slope of Black 
Fox Mountain and in the saddle between Black Fox and Little 
Black Fox Mountain, respectively.

It is immediately apparent from the silica percent
ages that these rocks are all andesites. Yet Ga 1-20 is the 
only one which would be so classified in the field; the 
others are nearly black, dense rocks, with abundant plagio- 
clase phenbcrysts. These would, therefore be grouped with 
basaltic (appearing) andesites.

The analyses of the High Cascade rocks are tabulated 
for comparison with analyses of flows from Crater Lake,
Mount Lassen, Garner Mountain, the Cascade Range "andesite 
complex", and the Burney area.

Also, the new analyses were plotted on established 
variation diagrams of Cascade and adjacent volcanoes, (Will
iams, 1935), Thayer (1937), based on unaltered SiOg percent
ages (fig. 37); on the Larson variation diagram for the 
Modoc lavas of California, (fig. 35) Anderson (1941); and 
on the Niggli K, Mg, variation diagram for the Medicine Lake 
lavas of California (fig, 36) Anderson (1940). (This Niggli



Explanation of Table 1
1o Pyroxene andesite with 15*3 percent normative quartz; specimen Ga 1-20 from plug 

at top of Black Fox Mountain. (Analysis by Shapiro).
2* Basaltic andesite with 7*3 percent normative quartz; specimen Ga 1-C from east

ern slope of Black Fox Mountain. (Analysis by Shapiro).
3. Vesicular basaltic andesite with 9*6 percent normative quartz; specimen Ga 1-8

from Little Black Fox Mountain. (Analysis by Shapiro).
4. Basaltic andesite (Pleistocene) with 6.3 percent normative quartz; near summit 

of Crater Peak, southern Oregon (Williams, H. 1942, p. 149)«.
5* Andesite near summit of Brokeoff Mountain, northern California (Williams, H.,

1932, p. 285).
6. Porphyritic hypersthene-augite andesite with 6.4 percent normative quartz; from 

Garner Mountain, northern California (Powers, H., 1932, p. 291).
7. Andesite complex (based on 7 analyses); Cascade Range, Oregon and Washington 

(Waters, A., 1956, p. 705).
8. Augite andesite; on south slope McGee Mountain, northern California (40°40.8N.,

121°36.6W.) (MacDonald, G., unpublished).



Table J_
CHEMICAL COMPOSITION OF ANDES ITIC ROCKS OF THE HIGH CASCADE 

.  - ~ PROVINCET NORTHWESTERN UNI TED STATES .
1 2 3 4 5 6 7 8

Si02 56.4 57.8 58,8 55.83 58.08 57.22 54.04 57.99
A12O3 19.8' 18.5 19.1 18.01 18.37 19.16 17.02 18.77
Fe203 4.7 1.3 1.7 2,63 2,92 2,21 2.82 2,02
FeO 1.2 4.5 3.9 44.07 3.38 4,55 6.31 3.82
MgO 3e2 4.5 3.7 5.12 3.35 3.32 4,12 3.54
Cab 5.0 7.2 " 7:0 7.40 7,05 6.12 8.16 6.16

NagO 3.7 "3.5 1.9 3.64 3.66 4.28 3.07 3.92

K2b 0.97 1V2 .' g # 1,22 1.33 1.64 1.27 1.42
H20" 2.3 Vo. 10 0.10 0.12 “ 0,05 0.32 0.69
h20 2.4 0.73 0,49 0,26 1.09 0,81 1.36 0,33
Ti02 0.62 0.58 0.57 0.84 0,44 0.92 1.35 0,67

p2°5 0.11 0,14 0.12 0.11 0.16 . 0.11 0.22 0.13
Mn02 0.08 0,09 0.08 0.08 0.13 0,12 0,14 0.11

C02

Total
0.05 0.05 0,05 eo =o eo co ca es «s» «a rae «s» <a> m  co csi ca cb co esi bo eas

TOO.53 100,19 100.51 99,93 100.01 100.51 97,20 97.75
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diagram .effectively relates alkalies, i.e. the K to Na 
ratio.) The significant relations are discussed in turn 
below.

Chemical Content Comparison

The samples from Black Fox Mountain were tabulated 
with five selected older analyses of High Cascade andesitic 
rocks. The selected analyses were of rocks which (1) were 
similar in occurrence and lithology in the literature, and
(2) were close in silica percentage to the Black Fox rocks. 
The overall similarities in all measured elements are at 
once apparent, In AlgO^, the closest affinity is to the 
Mount Lassen, B-190 of Mac Donald, and Garner Mountain 
specimens; however in KgO, only the Crater Lake specimen is 
as low as the Black Fox Mountain group. All that can be 
said for the tabulation is that it appears to establish the 
Black Fox andesites in the High Cascade affinity chemically.

Variation Diagram Analyses

The three analyses plotted on figure 37 against
variation curves for Cascade and adjacent volcanoes show
that: (1) marked similarity exists to projected Shasta

1values for KgO , (2) NagO is aberrant, but well within the

^A modern analysis for Mount Shasta in range 55-60 
percent SiOg was not available and therefore was not tabu
lated as an entity.
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Crater Lake-Hount Shasta-Lassen Peak zone of values, (3) 
high AI2O3 values are clearly related to Crater Lake, Mount 
Shasta, and Lassen Peak, (4) MgO is aberrent; the plug 
sample is astride the Newberry line, Ga 1-C on the Shasta 
MgO line and Ga 1-8 on the Lassen Peak line. (5) CaO is 
also scattered; the plug specimen is lower than any Cascade 
value. The other two rocks were Shasta-Lassen Peak-Crater 
Lake zone. (6) There is no basis for comparison of Feg^^; 
all three samples were far below averages.

The samples fit nicely into the variation diagrams. 
The plug rock regarded as a late stage differentiate in the 
Black Fox series, notwithstanding its silica percentage, 
should have lower MgO, CaO values.

A comparison with the Medicine Lake lavas in parti
cular was made based on the Niggli scheme of comparing K 
with Mg molecular weight values, as described by Barth 
(1952, p. 74). The Black Fox Cascade andesitic rocks do 
not fall into a kinship position with the Medicine Lake 
andesites on the diagram. The position of the three rocks 
on the Mg axis is similar to the values for basaltic ande- 
site, and platy olivine andesite, but K values are lower 
than the Medicine Lake andesites. The closest rocks in the 
suite by comparison are the intergranular and intersertal 
basaltic rocks. The two specimens on Anderson's diagram 

have Si02 content of 51.46 and 54.57, lower than the Black 
Fox rocks by at least three percent. The comparison in



Figure 35

Variation diagram for Modoc Lavas of California 
(after Turner and Verhoogen, 1960, p. 275, based on the 
Larsen method). The values of rocks analyzed for this 
study are plotted upon the established, interpolated curves. 
1 ca, 2 ca, 3 ca = High Cascade affinity andesites, from 
Table 1; 1 ma, 2. ma, 3 ma = Modoc affinity andesites, from 
Table 2; 1 b, 2 b, 3 b = basalt specimens, from Table 3.
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Figure 36

Variation diagram of the Medicine Lake Highland 
lavas (after Anderson, 1941, p. 403, based on the Niggli 
method)„ Values for rocks analyzed for this study are 
plotted for comparison. 1 ca, 2 ca, 3 ca = High Cascade 
affinity andesites, from Table 1; 1 ma, 2 ma, 3 ma = Modoc 
affinity andesites, from Table 2; 1 b, 2 b, 3 b. = basalt 
specimens, from Table 3.
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Figure 37

Standard silica variation diagrams of Cascade and 
adjacent volcanoes. (After Williams, 1935, p. 296 and 298). 
High Cascade lavas in solid lines. LP = Lassen Peak region; 
CL = Crater Lake; S = Shasta. Other lavas in dashed and 
dotted lines. N = Newberry volcano; ML = Medicine Lake. 
Values for rocks analyzed for this study are plotted upon 
the established, interpolated curves, x = basalts; o = High 
Cascade affinity andesites; I = Modoc affinity andesites. 
(The Modoc affinity andesites are too similar in SiOg con
tent to plot separately; therefore the range of cation 
oxide content is included within a vertical line length. 
FegOg values were too low to register for all except one 
specimen. The MgO value of one basalt is too high to regis
ter).
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total allows no measure of similarity, A similar plot, 
against the Niggli diagram (fig. 36) for Crater Lake vol
canic rocks (Williams, 1942, p. 155) showed close agreement 
with the suite of basalts and andesites from the eastern 
High Cascades of southern Oregon.

Comparison of the Black Fox rocks with the Modoc 
lavas of California on an established Larson variation dia
gram shows that: (1) there is significantly less KgO in
the Black Fox rocks (about 30 percent difference in total 
KgO), (2) there is significantly more (about 10 percent)
A12O3 in the Black Fox rocks, (3) content of all other im
portant oxides are similar, or no pattern of richness or 
poorness in a given element could be observed.

Conclusions are drawn on the basis of the above 
comparisons; the Black Fox Mountain andesites are closest 
chemically and hence magmatical1y, on the whole, to the cal
cic High Cascade volcanoes such as Lassen Peak, Mount Shasta, 
and Crater Lake. The specimen from the plug on Black Fox 
Mountain is enriched in alumina at the expense of magnesia; 
the other samples, although high in alumina, reflect no 
magnesia impoverishment. The Black Fox Mountain porphyri- 
tic andesites examined- fit well the pronounced high in 
alumina curve which is noted between 53 and 58 percent 
silica in diagrams of the High Cascade rocks.



Explanation of Table 2

1o Andesite with 10.2 percent normative quartz; specimen Ga 4-30 from Bart 1e Gap
flow near Lone Pine Ridge (Analysis by Shapiro).

2. Basaltic andesite with 11.2 percent normative quartz; specimen Ga 4-23a from
Bartle Gap flow near crest of Skyline Ridge. (Analysis by Shapiro).

3® Platy andesite with 13 percent normative quartz; specimen Ga 4-20 from near
base of Bartle Gap flows southwest of Mushroom Rock. (Analysis by Shapiro).

4. Platy olivine andesite with 11.1 percent normative quartz; from near south end
of Callahan Lava flow, Medicine Lake Highland, (Anderson, C., 1940, p. 392).

5® Glassy porphyritic hypersthene; from near top of east wall of caldera at New

berry Volcano, Oregon (Williams, H., 1935, p. 295)®
6. Platy andesite with 9.9 percent normative quartz; from south of Medicine Lake,

(Anderson, op. cit.).



Table 2_
CHEMICAL COMPOSITION OF ANDES I TIC ROCKS OF THE MODOC PROVINCE, 
~ . NORTHWESTERN UN I TED, STATES ' ~ ~  "

1 2 ‘" 3 4 5 6

Si02 57 A 57.4 57,6 58.44 58,35 59.98

cn
oCM< 17.0 17.0 17.1 16,96 16,27 16,71

^e2®3 3.4 3.0 5.5 1.51 1.01 2.52
FeO 3.4 4,5 2,6 6.22 7,38 5.04
MgO 4.8 3.3 2.4 3.36 3.07 2,22
CaO 6.5 7.0 6,1 6,60 6,30 4,84
NagO 3.5 3.7 4.0 3.43 4,24 5.12

k2o 1.5 1.4 ]’6 1.47 1,75 1.63
H20" 0,70 0,75 0,94 ~ ~ " 0.10 Ud.
h2o 0.90 1,0 1.1 0.50 0.10 0.19

T|02 0.79 0,89 1.03. 0,92 1,15 1.30

P2°5 0.22 0.24 0.31 0.21 0.18 0.43
Mn02 0.10 0,11 0.13 0.09 0.15 0,11
CO? 0,05 0.05 0,05 roe am x=a m  em ca eg CO eta era

Total 100,26 100.34 100,43 99.82 100.05 100.09
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Modoc-1nterior PIateau Andes i tes

The andes i tes from the Bart 1e Gap flow rocks are 
tabulated and charted on variation diagrams as are the 
Black Fox Mountain rocks. Search of older published and 
file analyses resulted in tabulation of three specimens 
with quite similar silica content, and also similar petro- 
graphic description. These are: (1) an andes i te from the
Newberry volcano area, (2) a platy olivine-andesite from 
the Medicine Lake shield, and (3) a platy olivine-free an
des i te from the Medicine Lake shield.

Chemical Content Comparison

The overall Similarities are again apparent. 
Specifically: (1) AlgO^ is low, totaling 17.1 percent or
less. (2) CaO in olivine bearing specimens is consistent, 
between 6 and 7 percent. (3) KgO is high, compared to High 
Cascade andes i tes.

Variation Diagram Analyses

Calculations were accomplished in order to place 
the analyses on the Larson variation diagram (fig. 35) for 
Modoc lavas. As expected, the new samples fall within a 
narrow range from zero to minus 1.8 on the diagram. Alu
mina, potash, and soda content agree closely with the inter 
polated lines for these oxides; magnesia, especially in the



case of Ga 4-LO, is low; total iron is high, especially for 
Ga 4-LO, and CaO slightly low. Total agreement chemically 
is considered fairly well established.

The silica and the oxide percentages for the three 
analyzed specimens is so similar that they are plotted as 

one point on the small scale variation diagrams (fig. 37) 
for Cascade and adjacent volcanoes. Comparison indicated 
that: (1) KgO content is akin to Newberry-Medicine Lake
lavas; (2) AlgO^ is similar to the Newberry volcano, 
slightly less than the interpolated curve for Medicine Lake
(3) calcium is generally spread over the Medicine Lake- 
Newberry range; (4) sodium is low, near the Crater Lake 
average; (5) magnesia is aberrant, spread from lower than 
the lowest (Newberry) to higher than the highest (Shasta) 
average values for lavas containing 57 to 58 percent silica
(6) FegOjg was lower than could be registered. From the 
comparisons, a preferable conclusion is that the Bartle 
Gap andesites are similar magmatical1y to the lavas of the 
provinces east of the High Cascades.

The new analyses are charted on the Niggli diagram 

(fig. 36) for the Medicine Lake lavas. The K values are in 
close agreement with those for Anderson's platy andesite, 
platy olivine andesite, and basaltic andesite, all very 
close to 0.2. Mg values vary, as might be expected from



E x p l a n a t i o n  o f  T a b l e  3

1„ Dense sub-ophi tic olivine basalt with 14.3 percent normative olivine; specimen
Ga 2-14a from Hambone flows. (Analysis by Shapiro),

2, Pel sic basalt with 3 percent normative quartz; specimen Ga 3a from eastern
Bartle Gap flow, (Analysis by Shapiro),

3, Pel sic basalt with 3.3 percent normative olivine; specimen Ga 4-10 from Bartle
Gap flows near Mushroom Rock, (Analysis by Shapiro),

4, Intersertal basalt with 2,2 percent normative olivine; from the Modoc Plateau
basalts northwest of Medicine Lake (Anderson, C,, 1940, p. 390),

5, Sub-ophitic basalt with 9,6 percent normative olivine; from Modoc Plateau basalts
near Burnt Lava flow on Medicine Lake Highland (Anderson, op, cit,, p* 387),

6, Olivine basalt (Santian type) with ,1 percent normative quartz; near the summit
of Outerson Mountain, Oregon (Thayer, T,, 1937, p. 1622),

7, Sub-ophitic olivine basalt with 24 percent normative olivine; from Laird's

Ranch, Medicine Lake Highland (Anderson, op, cit*, p, 387).
8, Ophitic basalt with 19.1 percent normative olivine; near Bear Mountain (Powers,

H., 1932, p. 290-291),



T a b l e  3

CHEMICAL COMPOSITION OF BASALTS OF THE MODOC PLATEAU.
* , *■ NORTHWESTERN UNITED STATES - " • -

1 2 """" 4 ' 5 5 6 7 8
sio2 48.4 51.5 52.8 51.46 48.98 51.51 47.10 47.26

a 12°3 17.9 17.9 15.2 17.69 18.92 17.52 18.52 18.56

Fe2°3 1.2 3.7 2.0 1.37 2.22 1.51 Tr. 1,42
FeO 8.2 5.6 6.2 9.05 7.12 6.69 7.91 7.96
MgO 10.3 6.4 10.4 5.13 7.42 6.74 10.89 9.62
CaO 10.3 7.2 8 „ 1 8.92 10.04 8,78 11.92 11.54
Na20 2.3 3.5 2.4 3.37 3.04 3.34 2.33 2,24

k2o 0.11 0.69 0.61 0.30 0.05 0.49 0,10 0.06
h20- 0.15 0.95 0.98 0.77 0.48 0.77 Tr, 0.20
h2o 0.62 1.3 1.0 0.44 0.34 0,15 0,18 0.30
ti o2 0.82 1.2 0.53 1.25 1.16 1,12 0,90 0.88

P2°5 0.09 0.32 o.io 0.14 0.14 0.31 0,09 0.08
MnO 0.16 0.15 0.13 0.12 0,09 0.15 Tr. 0.08
C02 0.05 0.05 0.05 esa «» foi ee» eae tea cs» t=t

Total 100.60 100.48 100.50 100.07 99.96 100.08 99.94 100.20



Table 4
NORMATIVE MINERALS OF ANALYZED ROCKS

1-20* 1-C 1-8 4-30 4-23a 4-10 2 - 14a Ball 4-10
Apati te *3 .3 ,5 .5 ,5 .3 ,8 .3
1Imen ite 1,0 .8 .8 1.2 1.2 1,4 1 .2 1.8 .8
Orthoclase 6.0 7.0 5,5 9.0 8.5 10.0 1,0 5,5 5.5
Albi te 34.5 32.5 35,0 32.0 31.6 38.0 20,5 32,0 21,0
Anorthite 25.5 31.0 31,2 26.2 27.2 25.0 37,5 30.0 25,5
Corundum 4.1 ««>»»» » « « « m ea » = = ” ” « „ .3 »««»>««

Magnetite 1.5 1.5 1.5 3 , 6 3.3 4.2 1,2 3,9 2,1
Hematite 2.4 • « « « ” w " me « « « « 1,3 « » » “ « «
Wolaston1te ” ” ̂ ” OCM 1.4 1,8 3.4 2.8 ^ 03 «  CO «

Enstat1te 9.2 12.4 10.2 13.6 9,4 7.0 11,4 18.2 18,2
Ferrosllite 60 ” ” w 5.2 4.2 2.0 3.6 ca «  »  o 3,0 4.4 4,2
Quartz 15.3 7.3 9.6 10.2 11.2 13,0 m “ w = 3.0 ” w ^

Dlopside ea aa ea aa 10.0 20,0
01ivine e» «a» wa w K3 eat ns oa «m no ea cee ea eo i=» *» eo «ea <m m 14.3 m  ca cs> bo 3.3
Total 99.8 100.0 99.7 100.1 99.9 103.2 100,4 99,9 100,9
*A11 sample numbers belong to the "Ga" prefixed suite 0
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original oxide values. The variation is between 0.35 (Ga 
4-LO) and 0,53 (Ga 4.30), a spread no greater than that for 
the Medicine Lake andesites.

The chemical evidence corroborates the field indi
cations and petrography; the BartTe Gap andesites have an 
affinity to the eastern province of volcanic rocks, namely 
Modoc PIateau-Medicine Lake andesites. Possible explana
tions are developed below in the petrogenes i s sections.

The Medicine Lake suite (as well as the other east
ern volcanic offshoots of the Cascades, (i.e. Newberry) 
evidences mixed affinities chemically, as might result from 
contamination of magmas from a single province in a litholo- 
gically mixed environment. Within their own sequence the 
Bartle Gap flows Ga 4-23a and Ga 4-30, both olivine bearing, 
are noted to be richer in MgO and CaO than 4-LO, an olivine 
free rock.

Basalts

A basalt specimen selected from each of the Long 
Ranch, Hambone, and Bartle Gap units was analyzed, tabu

lated (Table 3), and charted for comparison. The three 
rocks showed salient characteristics identifying them with 
Modoc Plateau rocks.

The basalts are compared with rocks similar in SiOg 

content in figure 35. Rock analysis from the voluminous 
literature of previously analyzed basalts represent:



m
(1) intersertal Modoc basalt, (2) sub-ophitic Modoc basalt,
(3) late Pliocene olivine basalt from Oregon, (4) "Warner 
basalt" and olivine basalt from the Medicine Lake Highland 
and, (5) a basalt from "near Bear Mountain".

Chemical Content Comparison

Specimen 2-l4a, from the Hambone basalt, is closely 
analogous to the analysis of the sub-ophitic specimen of the 
Warner basalt collected near Laird's Ranch, east of the 
Medicine Lake Highland (Anderson, 1941). The high MgO and 
low KgO content of the two rocks are indicative that both 
are from a similar stage of the voluminous Warner flows.
The Warner basalt, originally defined by Russell (1928, 
p. 416-425) and used as a stratigraphic grouping for all the 
basalts in the region, has lately been broken down into for
mation units whose ages are Miocene, Pliocene, and Pleisto
cene (?).

The Hambone sample is also remarkably consistent 
chemically with a specimen from more than 20 miles south in 
the Manzanita Lake quadrangle, recently analyzed by the U.S. 
Geological Survey for G.A. MacDonald. MacDonald's specimen 
was collected in very similar volcanic terrain east of pro
minent High Cascade cones, in Recent Modoc Plateau mor

phology basalt.
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Variation Diagram Analyses

Hambone basalt

The Hambone basalt specimen compares very closely 
with established values for the Modoc-Medicine Lake basalts 
on the Larson variation diagram (fig. 35) and the Niggli 
K against Mg ratio diagram (fig. 3.6).

On the Larson variation diagram for Modoc lavas of 
California, values for all oxides fit closely the interpo
lated values. Total FeO is slightly high and NagO slightly 
low, but well within fair correlation. The Hambone basalt 
sample falls within the sub-ophitic basalt field on the 

Niggli diagram.
The standard variation diagrams of Cascade and ad

jacent volcanoes are less conclusive in relating the Hambone 
basalt to a given province. KgO, NagO, and AlgO^ values are 
closest to the Newberry lavas; MgO is higher than all the 
established values; CaO close to Lassen Peak, and FegO^ be

low the recorded area. .

Long Ranch Basalt

The Long Ranch basalt, stratigraphical1y thought to 

be Pliocene (?) coincidental 1y correlates chemically with 
two Pliocene basalts from adjacent regions; one analyzed 
from the Macdoel Lake quadrangle and one from east-central 
Oregon. No significance would be attributed to analytical
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correlation with the Oregon basalt except that the terrain 
is similar, (i.e. Thayer mapped it in an area of easterly 
trending structures, east of the High Cascades).

A plot of the Long Ranch basalt on the Larson vari
ation diagram for Modoc lavas of California suits the linear 
interpolations very well, except for high total FeO. The 
iron enrichment does not coincide with Mg or Ca enrichment.

Oxide values for the specimen allow some comparison 
on the standard, combined variation diagrams for the Cas
cade and adjacent volcanoes. Potash content is near the 
Lassen suite, soda near Shasta, alumina indefinite, MgO be
tween Lassen and Shasta, and CaO lower than all suites at 
the 51.5 percent silica level. The specimen was plotted on 
the Niggli graph. its position is at a boundary between 
the basalts and andesites because of the high K value. It 
is closest to the Cascade andesites, but within fair range 
of the Mg and K values for the Medicine Lake Highland ba
sal t values.

The analysis of the Long Ranch basalt serves to 
indicate that the unit is related to the early basalts of 
the region east of the High Cascade peaks, with a definite 
affinity to the Modoc-Medicine Lake lavas.
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Bart 1e Gap basalt

Specimen Ga 4-10 from the Bart 1e Gap rocks proved to 
be unusual in several chemical characteristics by compari
son with analyzed lavas from suites in the Pacific Northwest.

The specimen has significantly less AlgO^ than 
other basalts in the suite, and somewhat lower CaO and TiOg.

The same differences are apparent on the Larson 
variation diagram plot. The Larson representation also em
phasized abundant MgO in the specimen, considering its 
silica content of 52.8 percent. All other constituents are 
reasonable in comparison with the Modoc lavas.

On the Niggli diagram this basalt is high on the Mg 
scale (0.7) and rather high on the K scale, and falls clos
est to the Modoc porphyr i t i c basalt.

The variation diagrams for Cascade and adjacent vol
canoes do not provide consistent copfRelations when the 
specimen is plotted. KgO and CaO values occur on the New
berry volcano lines; AlgOg and NagO are lower than all 
areas. (Newberry volcano, however, is higher than other 
areas in AlgO^ and NagO and lower in MgO).

indications from the analysis are that the speci
men is an early eruption in the lavas east of the High 
Cascades, namely on the Modoc Plateau.



PETROGENESIS

General

The petrologic model for the area studied is closely 
related to the tectonic model, Chemical, petrographic and 
structural factors which appear important in this petro- 
genetic analysis are:

(1) relative alumina richness in andesite suites 
from west to east, or in High Cascade flows 
versus Modoc Plateau flows; namely, the High 
Cascades feature higher alumina content,

(2) alkali ratios (Niggli 1K parameter) and speci
fically potash content of these andesites; 
namely. High Cascade rocks are lower in potash.

(3) total iron oxide ratios in the andesites, 
namely, High Cascade rocks are higher in total 
iron oxide.

(4) porphyritic texture of the basaltic andesites 
of the High Cascades, against the non-porphyri- 
tic Modoc Plateau andesites.

(5) high, steep cones surmounting shields, which 
characterize voluminous piles of the High Cas
cade andesites, against rift-fed fluid sheets 
on the Modoc Plateau.
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An explanation of these contrasts treats the shape 
and position of magma chambers, the crystallization process, 
the dynamic tectonics during crystallization and tapping, 
temperatures, chemistry, and viscosity.

It becomes clear that changes in the character of 
the basement occur between the Pacific Ocean basin and the 
stable continental interior and must be considered in an ex
planation of the above listed features. None of the changes 
seem so gross however that a case need be established for 
totally separate magmatic provinces, rather, a sub-province 
variation is indicated.

Cl ass i c Analys i s

The past few years have witnessed a tendency to re
consider the classic concepts of magmatic evolution of ero
genic regions specifically as applied to the northwest Paci
fic. The application of Tyrell's (1955) concepts on the 
nature of geosynclinal volcanism, applied by Turner and Ver- 
hoogen (I960) to the Pacific Northwest, is now reappraised. 
This classic presentation is quoted at length as a basis 

for discussion.
Turner and Verhoogen discussed the Cascade lavas in 

"Volcanic Associations of Orogenic Regions". They include 
the northwest Pacific volcanic rocks studied herein in the 
last of the four phases of tectonic and igneous history in 
the Pacific Northwest. The fourth phase in an orogenic
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region consists of surface eruption of basalts, andesites, 
and rhyolites during and following elevation of folded ante
cedent rocks. This fourth phase is separated by a long 
(late Miocene to late Pliocene) period.of time from the main 
phase of folding and plutonic activity. This treatment ap
pears to contrast with Anderson's attempt to separate vol- 
canism and tectonic activity in the Medicine Lake Highland. 
Turner and Verhoogen present (p. 278-279) the volcanic 
history of the Cascade province as follows:

1. Closely following Eocene movements or uplift 
which caused a general westward retreat of the sea, 
the Western Cascade series of volcanic rocks was 
erupted along a north-south belt flanking the pre
sent crest of the Cascade range on the west.
These locally reached a total thickness of the 
order of 10,000 feet by the close of the Miocene.
The compositional range is from olivine basalt to 
rhyolite. Basaltic andesites and pyroxene ande
sites constitute 75 percent of the total; tholei- 
itic and hypersthene basalts are well represented.
More or less contemporary volcanic rocks in adja
cent provinces include (1) the Eocene spilite kera- 
tophyre association of Olympic Peninsula, west of 
the northern Cascades and contemporary tholeiitic 
basalts of western Oregon; (2) Eocene and Oligo- 
cene andesites, basalts, and rhyolites, followed
by the Miocene flood basalts of the Columbia River 
plateau, east of the Cascade province.
2. At the close of the Miocene, an important com
press ional movement tilted and broadly folded the 
earlier volcanic rocks of the Cascade province and 
ushered in the uplift which culminated in the 
Pleistocene elevation of ranges throughout the 
whole Cordi11eran region. The late Miocene move
ments were accompanied by intrusion of dioritic 
stocks into the Western Cascade volcanics and 
closely followed by extrusion of andes itic lavas 
and tuffs (Keechelus group) and still further in
trusive activity.



3. Pliocene uplift along north-south fractures and 
accompanying extrusion of great volumes of olivine 
basalt and basaltic andesite from shield volcanoes 
along the crest of the Cascade Range combine to 
build an elongated high plateau by late Pliocene 
times. These rocks bulk more largely than any 
other group in the Cascade volcanic mass.
4. Volcanic activity continued unabated through 
the Pleistocene and at some points even into Recent 
times. This was the period of growth of the chain 
of imposing volcanoes which today constitute the 
peaks of the High Cascades. These belong to several 
petrological 1y distinct types:

a. Essentially andesitic cones, including 
most of the great volcanoes of the northern 
Cascades. The dominant rocks are hyper- 
sthene-aug i te andesites with plentiful por- 
phyritic plagioclase. Olivine basalts and 
basaltic andesites may also be plentiful (e.g., 
Mount St. Helens); dacites are insignificant 
or absent.
b. Composite cones of andesite, dacite, 
and rhyolite. These are most strikingly de
veloped in the southern section of the Cas
cades and are exemplified by Mount Mazama 
(Crater Lake) and the Lassen group of vol
canoes. Erupt ion of hypersthene-augi te ande
sites characterizes the earlier stages of 
evolution of volcanoes of this type. But, 
although the more acid rocks--daci tes and 
rhyolites--tend to be more conspicuous among 
the later products of volcanism, little cor
relation is possible between chemical compo
sition and order of eruption of the various 
rock types. •
c. Basaltic shield volcanoes interspersed 
among the more massive andesitic cones of 
types a and b.
d. Composite cones of basalt and rhyolite, 
situated on the western margin of the ba
salt-floored 'interior platform* where this 
abuts against the Cascade Range proper.
Such are the volcanoes of Medicine Lake, 
California, and Newberry, Oregon. The lat
ter is a cone 20 miles in diameter at the 
base, rising 4,000 feet above the general
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level of the interior platform. It is com
posed mainly of weakly oversaturated augite 
basalts and only slightly less abundant rhyo- 
lites. Andes i tes are almost absent. Late 
activity continuing into sub-Recent times in
volves simultaneous extrusion of rhyolite and 
olivine basalt both within the summit caldera 
and from fissures and parasitic cones on the 
flanks.
In his classic paper, A.C. Waters (1955, p. 703,

abs.) stated in comparing the Columbia River basalts and
the Cascade Mountain volcanic rocks:

The fissure eruptions of Miocene basalt in the 
Columbia River region and the even more voluminous 
Eocene basalts of the Olympic Mountains--Oregon 
Coast Range occupy two different tectonic settings.
Each of these great piles of f thole i11 i c 1 lavas 
shows almost no differentiation, and rocks of inter
mediate (andesitic) composition are generally ab
sent.

In the adjacent (in Washington and northern Ore
gon) ‘first cycle1 Cascade Mountains, about 75 per
cent of the volcanic rocks are andesites, though 
they range from olivine basalts to rhyolites. Vio
lent steam explosions characterize their extrusion.
The rocks are notably higher in CaO and AlgO^ than 
those of the adjacent basaltic provinces.

The widely held theory that all volcanic rocks 
originate by differentiation of basalt does not seem 
to fit a complex picture. The following hypothesis, 
admittedly oversimplified, is tentatively offered:.
Tholei i tic magma arises in a deep universal earth 
shell, but the fissure eruptions do not tap a great 
molten pool undergoing crystal differentiation. 
Differentiation occurs only after eruption to high 
levels.
... The "cupola" idea of Thayer or "batch" idea of Mac 

Donald and Powers follows this reasoning. Waters continues: 
"When a submarine trough is downbuckled into a tec-

togene, water plus other easily removable constituents are
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distilled from the metamorphosing geosynclinal sediments. 
These mix with the primitive tholeiite, modifying it to 
highly explosive steam-rich andesitic magma."

According to Waters, plutonic activity appears to 
precede "Quaternary volcanism" (i.e. occurs in late Plio
cene). Waters (1955, p. 711) ideas on the Quaternary vol
canism follow:

After a. long period of erosion a new cycle of 
volcanism began in the late Pliocene and continued 
intermittently. Great quantities of olivine-rich 
basalt poured from hundreds of small lava cones 
that dot the plain of south-central Oregon and the 
Cascade crest from northern California to central 
Washington. Host of the lava cones are only 50 to 
500 feet high, but a few grew into large shield 
volcanoes.

Unlike the thick Columbia River flows, the 
Quaternary olivine basalts spread in thin sheets 
that average less than 20 feet thick. Most of the 
flows are holocrystal1ine and are characterized by 
coarse diktytaxi tic and micro-ophi tic textures.
Olivine may equal or exceed monoclinic pyroxene.
The plagioclase is bytowni te or calcic labrador!te. 
Chemically and mineralogical1y these flows closely 
resemble the 1porphyritic central type1 of the 
Hull authors (Bailey and others, 1924, p. 23), but 
at least half.the Oregon flows are nonporphyri tic.

Along the crest of the Cascades the.olivine 
basalts interfinger with the products of a second 
period of andesitic volcanism. The most striking 
representatives are the great stratovolcanoes of 
the Cascade Range— Mount Rainier, Adams, Hood,
Crater,Lake, Shasta, and many others. Andes i t ic 
tuff breccias, welded tuffs, slightly consolidated 
'avalanche' deposits, and water-laid tuffs are 
abundant.

According to Waters then, all volcanism previous to 
late Pliocene ended an igneous cycle with the intrusion of 
stocks and small batholi ths of diorite, grani te-diori te, and
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granophyr i c quartz monzoni te during Pliocene time. There 
was then considerable folding and erosion and a new cycle 
was initiated. This new, last cycle described under Quater
nary Volcanism includes the rocks which are exposed in the 
area under consideration. Again Waters (p. 712) emphasizes 
that this "outpouring of olivine basalt and contemporaneous 
andesite along the crest and east slope of the Cascades and 
throughout southeastern Oregon" all belong to the last cycle 
of volcanism. Waters (p. 712) offers tentatively this ex
planation for the petrology of the Cascade region:

Beneath the Cascades tholeiitic magma rose along 
a major north-south structural zone that probably 
separates the metamorphic and plutonic basement be-, 
neath the Columbia Plateau from the thick ensimatic 
geosyncline of Mesozoic and Eocene arkoses, gray- 
wackes, argillites, and greenstones on the west.'
Ingress of magma into the structurally weak zone 
took place while sediments of the geosyncline were 
being downbuckled to form a tectogene. Water, 
silica, alkalies, calcium and magnesium ions, and 
other easily removable constituents were stewed from 
the downbuckling sediments in the lower part of the 
tectogene. They entered and mixed with the tholei- 
ite magma as it worked its way upward, Addition of 
small amounts of these fluids changed the tholeiite 
first to volatile-rich hypersthene basalt and then, 
as larger amounts were added, plus perhaps some 
materials formed by partial melting of the shaly 
fractions of the tectogene root,,to a steam-rich, 
highly explosive hypersthene andesite magma.. The

1This theory has been expounded and re-expounded as 
if it were entirely new although the difference was noted 
and discussed by Kay (1951), who termed the eugeosyncline 
the Frazer Belt, and the miogeosyncllne, with its thicker 
simatic basement, the Millard Belt. The two belts are 
characterized by differing crustal mobility. Recent work 
and interpretation of gravity surveys and(or) alkali ratios 
adds to empiric evidence but the geologic.interpretation is 
long founded.
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watery fluids pictured in this process would probably 
not be supplied to the magma at a uniform rate, and 
also they might not mix rapidly with it to form a 
homogenous melt. From such fluctuations in composi
tion and temperature,may have come the rapidly 
changing conditions of equilibrium that gave rise to 
the complex osci11atory-zone feldspars so character
istic of orogenic andes i tes.

Thus, it is assumed that watery fluids expelled 
from the metamorphosing tectogene will mix with and 
modify tholeiitic magma to andesite.

Recent Analyses

button (1962, p. 109) contemplated:
It is possible that emphasis on orogenesis is 

misdirected emphasis. Perhaps the differences in 
chemistry of the igneous rocks...are related to 
changes in the character of the earth's crust in 
progressing from the ocean basin into the contin
ent. If assimilation or anatexis of the upper 
crust is an important process in magma generation 
and modification, resultant igneous rocks should 
be higher in potash in continents. Marginal areas 
or accreted orogenic belts should have intermedi
ate potash contents.

We have learned from the comprehensive study by 
Dickinson (1962) of andesi tic volcanism in the geosynclines 
of the Pacific Northwest that button:! s contemplations are 
more than possible. The overwhelming dominance of andesitic 
composition volcanic and plutonic rocks since mid-Paleo- 
zoic time; hence through geosynclinal, orogenic, and post- 
orogenic phases of tectonic activity, establishes the di
vergence of the Pacific Northwest region from the classic 
viewpoints. Dickinson concluded thats
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(1) There has been no important change in the com
position of the crust within the Frazer Belt since mid- 
Paleozoic time.

(2) Sialic crustal materials either fused to derive 
predominantly andesitic magma, or at least contaminated pri
mary basaltic magma.

(3) Parallel variations of composition of batho- 
lithic rocks and geosynclinal volcanic rocks across a 
"quartz-diorite line" may be due to:

(a) derivation of granite from fusion of ande- 
sites.

•■(b) westward thinning of the sialic crust.
(c) apparent.

The work of button within volcanic rocks, plutonic 
rocks, and associated ore suites adds to positive data de
monstrating that the parallelism is actual, not merely ap
parent. Structural history indicates that westward thin- 
ning of the sialic crust occurs. A definitive dating pro
gram for intrusive and extrusive rocks might empirically

button and Dickinson diverge on extension of their 
conclusions regarding participation of the crust in magma 
generation, (i.e. anatexis and(or) assimilation). Dickinson 
concludes that participation of sial since late Paleozoic 
indicates no ensimatic geosyncline, hence no continental 
accretion. He does not comment on alkali indexes. Con
versely, button reasoned that igneous rocks would be richest 
in potash in continents, intermediate in marginal areas, 
and lowest over ocean basins.
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determine whether granitic rocks were derived from fusion 
of andesite.

It is proposed herein that the area examined is 
situated area 11 y on the eastern shelf of the Efazer Belt 
eugeosyncli ne, approximately astride the quartz-d ior i te 
line (no plutons are close to the area), and consequently 
in a zone most likely to witness intra-province variations. 
Time is not a factor in the chemical and structural varia
tions, and the Pliocene to Recent rocks studied constitute 
a legitimate “typical" area.

Basalt and alkaline basalt accompany basaltic ande- 
sites and andesites. The association suggests a parental 
basaltic magma in the province. Tilley (1950), Waters 
(1955), quoted at length above, and Kuno (1960) have argued 
against the possibility of simply differentiating a basaltic 
magma to produce an andesitic magma or a high alumina ba
salt, respectively. MacDonald (1960) and Powers (1955) on 
the other hand, have shown differentiation to an alkaline 
basalt can and does occur in Hawaii. Dacite and rhyolite 
occur, it must be recollected, at Rainbow Mountain and the 
Medicine Lake Highland. Turner and Verhoogen (1960) vote 
that common sense does not long allow one to suppose that 
a subordinate (basalt) rock type of a volcanic province re
presents the parent magma of the preponderent (andesite) 
rock type. They suggest differential fusion of the hetero
geneous rocks in the lower crust (i.e. the root of a
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depressed geosyncline), as cause of semi-independent magmas 
and consequently, of diverse rock types. Kuno (I960), re
iterated Kuno (1959) in relating depth of major earthquake 
epicenters to the differences in alumina composition of the 
(volcanic) petrographic provinces in Japan. He tentatively 
concluded that in continental volcanic suites tholeiites 
would be generated by partial melting of the mantle perido- 
tite at earthquake foci above 200 km. depth, alkali basalt 
below 200 km; and high alumina basalt at intermediate levels 
(around 200 km). The mechanism as postulated is stress re
lief by the compressive failure which takes place along the 
plane of the earthquake foci dipping from the ocean toward 

the continent.
In any model which employed partial fusing of the 

mantle, coupled to contamination by sialic material, it has 
been observed (button, 1962) that early magmas might be 
rich in low-melting components and contain appreciable K^O 
and FeO; later lavas would be rich in refractory elements 
(i.e. MgO, CaO, AlgO^) in the center of the region of early 
eruptions. However, it is nowhere inferred that the High 
Cascades have a central, older axis; rather it is empha
sized that lavas on the crest and to the east are coeval.

Williams (1935, 1942) suggests that the High Cascade 
lavas originated deeper in the province's magma chamber than 
did the lavas to the east (Modoc). Normal magmatic differ
entiation of a tholeiitic parent magma would account for
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settling of early stage feldspar and magnesian crystals 
with higher A1pO^, MgO and CaO content, refus i on of these 
crystals, and final expulsion. Iron tends to stay In solu
tion and is present in later shallow eruptions; K^O also is 
found in lavas tapping later shallow magma. Very late da- 
cites from the Medicine Lake Highland, in fact, contain KgO 
in comparable abundance to neighboring rhyolites, and are 
extremely porphyri tic in a glassy base.

Textural differences have been described at Mount 
Jefferson by Thayer (1937, p. 1645). He reasoned that more 
advanced crystallization occurred, i.e.:,

The occurrence of large andesitic cones liter
ally in the midst of small basaltic cones suggests 
that the more acidic lavas were erupted from com
paratively small pockets or cupolas in the main 
magma chamber. The localization of differentiation 
may have been due to local cooling shown by the por
phyr i tic nature of the andesites and associated ba
salts in the high peaks as compared to the uniformly 
fine-grained textures in the basalts of the smaller 
cones.

One may extend his statement to include the Modoc Plateau 
rift fed andesites and basalts.

Therefore, it is suggested that all lines of evi
dence lead to a model in which, after the Miocene orogeny, 
Pliocene and Quaternary Cascade and Modoc lavas originated 
in magma formed in a "chamber" with a northerly axis con
forming to regional structure, and diminishing depth east
ward. Original variances in composition existed as a re
sult of fusion of the downbuckled geosyncline and perhaps



further pronounced by contamination during ascent. Crystal 
settling played a minor, but apparent role. An erratic dis
tribution of lavas occurs in the mapped area (i.e. salients 
of High Cascades lavas within the eastern Modoc Plateau) be
cause the easterly gradient across the axis of the Pacific 
Northwest geosyncline onto the shelf and miogeosyncline is 
disturbed by "drag" of an easterly structural zone (linea
ment). The fabric of the zone is implicit in the attitude 
of basement rocks. Large cupolas of High Cascades magma 
persisted along the lineament, although at higher levels 
than in the west, and erupted batches of lava to form cones 
on the Modoc Plateau.



CONCLUSIONS

Late Cenozoic phases of volcanic activity in the 
area east of Mount Shasta are controlled by complex vol
cano-tectonic relationships. The region studied lies a- 
stride the geomorphic boundary between the High Cascade 
province and the Modoc Plateau province. This boundary is 
defined by:

(1) structural behavior change
(2) magma composition changes.
The Modoc Plateaus are the westernmost parts of the 

Basin-Range fault blocks which are surface expressions of a 
stable interior platform (cratonic area). The High Cascade 
province is the easternmost part of the Ci rcum-Paci fie vol
canic mountains, on the site of Paleozoic and Mesozoic geo- 
synclines. Cascade morphology extends as islands into the 
Modoc morphology; a zone of transition exists, wherein ex
amples of the two distinct provinces are found intermingled.

The structure and 1i thology of the basement accounts 
for the position and characteristics of the boundary bet
ween the High Cascades and Modoc Plateaus. Above the deeply 
downbuckled Pacific eugeosyncline or Frazer Belt with its 
thick meta-sedimentary and meta-volcanic strata are found 
High Cascade basaltic andesite cones, aligned on deep-seated
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fractures. Above the shelf and miogeosyncline or Hillard 
Belt east of the eugeosyncline are Modoc Plateau sheet ba
salts and cinder cones. Although within the same spatial 
and temporal magmatic province, slight variations in chemis
try of resultant rock types occur. Generally this variance 
is found along west to east axes, and may be attributed to 
a combination of crystallization within the magma chamber 
(deeper in the west than the east), and contamination from 
the thick geosynclinal clastic sedimentary pile above a 
thin simatic crust versus contamination from thinner, pre- 
ponderently volcanic rocks above a thick simatic crust.

Salients of the High Cascade province, such as the 
Medicine Lake Highland, intrude eastward into the Modoc 
Plateau province. The salient may be along an easterly 
lineament. Rifts on the lineament communicate High Cas
cades composition magmas in batches. These high crustal 
level batches may be contaminated by slightly varient Modoc 
lavas and result in an intermediate petrochemical variety.

The lineament is a great through-going structure 
which originates in the Pacific Ocean basin. Although not 
obviously reflected in the continental structure, the deep 
mobile belt may be traced by swings in attitude of Mesozoic 
and older rocks and alignment of foci of volcanism.



Figure  38

a. A photomicrograph of Long Ranch basalt (Ga 3-5) from 
near Dead Horse summit. Magnification is 30x; with 
crossed nicols. This is a sub-oph it i c olivi ne-augi te 
basalt. Iddingsite and hematite replace olivine. Zoned 
plagioclase phenocrysts are altered extensively to 
clionozois ite.

b. Photomicrograph of the bouldery phase of the Long Ranch 
basalt (Ga 3-8) northeast of Dead Horse Pass summit.
Ga 3-8 is an olivine-augite basalt with pyroxene and 
plagioclase in diabasic textural relationship, Urali te 
is after aug i te;. iddingsite after olivine. Pal agon i te 
forms large patches. Magnification at 3Ox and plane 

1ight.
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Figure 38a

Ga 3-8 Figure 38b



Figure 39

Photomicrographs of andesitic flow rocks of the 
Bart 1e Gap unit, from the western part of Skyline Drive ex
posures „ Ga 4-18 (fig. 39a) is at 30x magnification, crossed 
nicols. Plagioclase, hypersthene and (one) olivine pheho- 
cryst in ground mass of sub-ophitic plagioclase, pyroxene 
and iron ores. Ga 4-13 (fig, 39b) is at 30x magnification, 
plane light. Plagioclase (and hypersthene) phenocrysts in 
groundmass of plagioclase laths, pyroxene, iron. Flow band 
through center, top to bottom, of photomicrograph, shows 
trachitic texture, concentration of light-colored minerals.
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Figure 39a

Ga 4-13 Figure 39b



Figure 40

A photomicrograph of andesite flow (Ga 4-10) from 
the Bart 1e Gap unit near the southern part of Lone Pine 
Ridge. Magnification is 20xj plane light. An augite ande
site with olivine phenocrysts in a diabasic groundmass of 
plagioclase, pyroxene and magnetite. Iddingsite replaces 
olivine. Minor interstitial glass.

Figure 41

Ga 1-22 is an olivine bearing basaltic andesite of 
the Black Fox unit near the summit of Buck Mountain. Plagio
clase, diopsidic augite, olivine^., and some magnetite are 
in ho 1ocrysta11ine granular fabric. Olivine is altered to 
magnetite. Magnification is 30x, in plane light.



Ga 4-10 Figure 40

Ga 1-22 Figure 41



Figure 42

a. A photomicrograph of a basaltic andesite of the Black 
Fox unit from north of Shirtail Canyon. Ga 1-SH shows 
clots of plagioclase around vesicles, plagioclase, and 
pyroxene (augite and hypersthene) with sub-trachitic 
orientation in matrix of opaque iron ore minerals and 
glass. Magnification is 30x, plane light.

b. A photomicrograph of basaltic andesite of the Black Fox 
unit from the eastern slope of Black Fox Mountain. Ga 
1-C has two generations of plagioclase and pyroxene 
(hypersthene and augite) in groundmass of opaque iron 
ore, plagioclase micro!ites, glass, and tridymite (?). 
Glass inclusions and sausserite in plagioclase pheno- 
crysts. Magnification is 30x, plane light.
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Figure 42a

Ga 1 - C Figure 42b



Figu re 43

a. A photomicrograph of andesitic flow rock from the Black 
Fox Mountain unit. Ga 1-7a is from Little Black Fox 
Mountain and shows large plagioclase phenocrysts with 
glass inclusions and pyroxene (hypersthene, minor 
augite) in groundmass of randomly oriented plagioclase, 
pyroxene, dark glass, and opaque ore minerals. Some 
vesicles. Magnification is 30x, plane light.

b. Photomicrograph of andesitic rocks from the Black Fox 
Mountain unit from the summit of Buck Mountain, Ga 
1-5a is holocrystal1ine, sub-oph i t i c, olivine andesite. 
Magnification is 30x, plane light.
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Figure 43a

Ga 1-5a Figure 43b



Figure 44

Photomicrographs of basalt flows from the Hambone 
unit. Both at 3Ox magnification, and plane light. Ga 2-20 
(44a) is an olivi ne-augi te basalt, showing diktytaxi tic tex
ture. Iddingsite replaces olivine. Ga 2-16 (44b) is a vesi
cular augite basalt. Plagioclase and pyroxene are in a 
dark, dusty, glass matrix heavily charge with iron ore 
minerals. Iddingsite replaces and augite rims the few oli
vine crystals.
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Figure 44a

Ga 2-16 Figure 44b



Figure 45

a. Photomicrograph of a basalt from the Hambone unit of
the Modoc Plateau. Ga 2-14a is similar to Ga 2-20; but 
has less ferromagnesian minerals. It is an olivine ba
salt with plagioclase laths and sub-oph i t i c augite, 
scattered opaque iron ore and interstitial dusty glass, 
especially near small vesicles. Magnification is 30x, 
plane 1ight.

b. Photomicrograph of Hambone basalt. Ga 2-10 is an oli
vine augite basalt with accessory opaque iron ores in 
diabasic fabric. Magnification is 15x, plane light.
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Figure 45a

Ga 2-10 Figure 45b



Figure 46

a. Photomicrograph of an olivine-free basalt from the Trout 
Creek flows north of Black Fox Mountain. The plagio- 
clase phenocryst in Ga 1-94 shows multiple growth stages 
and albite twinning; glass inclusions occur in the early 
growth stage. Mostly plagioclase, some olivine, diop- 
sidic augite, and opaque ore minerals occur in the hypo- 
crystalline groundmass. The large vesicles are partly 
filled with opal. Magnification is 30x, crossed nicols.

b. Photomicrograph of the amygdaloidal surface phase of 
the Trout Creek Valley basalt (Ga 2a-118) from west of 
Edson Creek. Ga 2a-118 is an augite basalt with opal 
and pa 1 agon i te lined vesicles and abundant iron-charged 
glass matrix. Magnification is 30x and plane light.
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Figure 46a

Ga 2 a - 118 Figure 46b



FIGURE 47

a. Photomicrograph of the Glover basalt from the Modoc 

Plateau. Ga 2-*15 is a sub-oph i t i c olivine basalt. 
Plagioclase shows both albite and Carlsbad twinning. 
Magnification is 30x» crossed nicols.

b. Photomicrograph of the Glover basalt. Ga 2-9 is com
prised of plagioclase, augite, and olivine crystals in 
a dark groundmass of acicular crystalline plagioclase, 
hypersthene, glass, and opaque iron ores. Magnification 
is 15x, plane 1ight.



Figure 47a

Ga 2-9 Figure 47b
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FIGURE 3.

GEOLOGIC CROSS SECTIONS ALONG LINES A - A 1 AND B - B '  SHOWN ON GEOLOGIC MAP 
(NO VERTICAL EXAGGERATION)
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