








RELATION OF THE VOLCANIC ROCKS AT
THE SOUTHERN OREGON VOLCANIC
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A STRUCTURAL AND PETROGRAPHIC STUDY OF THE GLASS BUTTES,

LAKE COUNTY, OREGON
INTRODUCTION

The northern portion of Lake County and the adjoining
sections of Crooks, Deschutes and iHarney Counties in Oregon
is a rezion characterized by a great expanse of Qesolate
sagebrush covered plateau above which nroject numerous small
isolated mountain ranges, peaks and buttes, and upon whese
surfece may be seen innumerable saall ephemeral laikes. he
desclsteness and desert character of the vepetaticn of the
region have resulted in the application of the name, Creat
sendy Desert, to this district on all of the United stutes
end many other maps. The name is somewhat of a misnoner,
however, because it brings to mind & region of shifting seond
dunes instead of the wide expanse of vegetation ccvered pla-
teau that is charecteristic of this region.

The elevations thet rise above this plateau fall into
many diverse types when an attempt is made tc classify them
as to origin, structure or petrologic type. some of them
are undoubtedly volcanic ératers of very recent origin.
Partially dissected craters are also common, perhaps the
best example from this district being llewberry Crater which
rises high gbove the surface of the plateau in southern

Deschutes County. Iron iountain (1) in western Harney Couaty
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(1) Waring, G.A. Geblogy and Water Resources of the Harney
Basin Region, Oregon. U.S.Geol.3urvey, W.Sp.Paper 231, p.
19 (1909).

has been described as an early volcenic cone which remained
as a steptoe above the later lava floods. Other eminences
undocubtedly owe their crigin to structural forces that have
affected the surface of the plateau and buckled or faulted
it up into small isolated mountsin rances.

0f this latter type are the Glass 3Buttes, & susll
mountain renge in the northeastern corner of ILake County.

The sttempts of the white man to inhsebit or utilize the
arid region surrounding the Glass Buttes have, in general,
met with scant success., The Buttes were of great importance
to the Indians, however, because at this locality occurs &
plentiful supply of easily worked obsidian which wes nuch
used by the Indien tribes in makine various imnlements., In-
numerable localities in this region are covered with brolen
and chipped obsidian, showing the lccalities where the Indian
people congregated to fashion their tools. Broken and defec-
tive implements are very common in these localities, while
imnlements of perfect workmanship are not rare.

The white men first turned to stock raising. Piles of
bleached bones surrounding the only flowing spring in tae

district give mute testimeny as to the success of the venture.

During the wneriod of the World 'iar the greatly inflated price
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of wheat caused practically all of the region immediately
surrounding the Glass Buites to be homesteaded. 'Wells sunk
to a.depth of about 300 feet were found to yield a plentiful
supply of water and as & result much of the land was fenced
into desert claims occupying one section each. The scanty
rainfsall of the district proved insufficient to support a
paying crop of cereal except in times of excessively hig
prices, however, so that the homesteaders were forced to
abanden their claims one by one until now, of perhaps fiity
or sixty that originally scttled in this district, therc are

only three left,
Geological Literature Relating to the Glass uttes Re-icn.

The Glass Buttes, in common with much of the vclcanic
area of southern Cregon, have remained almost unknown, geo-
logically, to the present day. ‘he Glass 3utltes were visited

o

by T. ©, Pussell in his reconneissance in southern Orecon (2).

(2) Russell, I.C. A Geologzical R2eccnnaisssance in Southern
Cregon. U.S.Geological survey. Ann. lept. 4, n. 440 (1382)
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"The Glass Buttes were Found to be comocsed oI
rhyolite, together with large quantities of obsidian,
or volcanic glass. 1o evidence that they were once
volcanic craters was observed; and no basaltic over-

flows, or other phenocmena, were seen to indicate that

they had recently been centers of volcenic action."
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lar thet their axial trend is seldom well defined or constant
in direction for any great distance, the downwarped areas ap-
pearing as shallow spoonlike depressions which are separated
by irregular dome-like anticlines. ‘he writer sees no more
obvious reason for connecting this warping with the uplift of
the Cascades than for connecting it with the late Tertiary
orogeny in the 3lue liountains to the north, in the Rockies

to the east, or in the Great 3asin area of ilevada and Utah

to the south. Zach cf these districts was the ceater of pro-
nounced late lertiary mountesin-making movements, and it scens
more probable that the warping of southern Oregon i Lhe re-
sult of 2ll of the forces operating in the nearby areas, «nd
is nct tec be traced to & single cause. the irregular axisl

trend of the wasrped structures lends added weight to this

"he Blue lountains of Oregon ere s complex mountain sys-
tem, the structurgl =nd historical relatioans of which are at
present not fully understood. Appesring first as the high
“allowas and JStrawberry lountains in thé northeastern nart
of the state, they trend acrcss the interior wlateau to thneir
Junction with the Cascades in the vicinity of the town of
Prineville. ©The Wallowa lounteians of eastern Cregon are con-
tinucus across the wnalke RAiver Canyon with the ieven Devils
which, in turn, merge into the Rocky ilountain system of
Tdaho. They are similar to this eastern extension as well

in that they bring to light early liesozoic sediments and

volcanics which are cut by late Jurassic betholiths. ‘hat
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they were uplifted to their present position since middle Ii-
ocene time is testified by the fact that the basal flows of

the Columbia River Lava cap the highest peaks of the system(6).

(6) Personsl Citation. Prof. G. . Goodspeed.

In the light of this evidence it seems doubtful that the larg-
er part of the Blue liountain mass of northeastern Oregon re-
mained as steptoes or peninsula above the basaltic floods. 1o
the west of the Wallowas the Blue liountain uplift lies at a
clightly lower elevation and exposes in its core rocks of late
lesczoic and early Tertiary age instead of the clder metamor-
phics which crcp out to the east. <The absence of the Cretoce-
ocus and Zocene deposits in the eastern part ol the range tes-
tifies tc the fact tnat this portion existed =zs u land mess &at
the time these sediments were being deposited aad nos had a
rmuch different pre-Tertiary history tnan the western norticn
of the mountain mass that it now ferms a part of. The structur-

al relaticns of the eastern and western part of the 3lue lloun-

tain mass also appear to be different. The steepness and ab-

rupt character of the mountain scarps, together with the wide
intermontane valleys of the eastern part of the district sug-
gest that the mounteins owe their present form to the ercsion
of great fault blocks. To the west the upturned Columbia lLevas

end associated llascall and John Day beds suggest that the fold-

ing has been the dominant agent in the uprising of the mass.
lmuch more evidence must be collected before the various geolo-
gical relations of these mountains will be comvletely knovmn. . he

junction of this uplift with the Cascades is cbgcured by a




covering of recent lavas,

The Columbia River Plateau occupies that portion of
eastern Oregon which lies north of the Blue lMfountains uplift.
Its flows of basaltic lave slope northward from the‘summits
of this méss until they meet and join the much greater ex-
pense of the plateau in eastern ‘ashington.

The fourth, end from the standpoint of the Class Buttes,
the most important physiogrephic province in Jactern (Orerson
is the northern continuation of the Creat Basin Rezion. his

rovince, which includes the greater parts of the states of
p 9 g &

pie]

states,

Il'evada and Utsh with various porticns of the =djoining
extends northward into Oregon, its nortnern aargin being de-
termined by the southern limb of the 3lue !lountains uplift.
I'nie province, thefefore, embraces the whole cf Ilalheur, ‘lovr-
ney and Lake as well as part of the adjoining counties in
Oregon and thus occupies considerably more sresa than any

other physiographic‘province in the eastern part of the state.
The structure of this part of Oregon is identical with that of
the Creat Basin to the south. OCreat orographic blocks have
been broken and tilted at variour engles into well dedfined,
asymmetrical mountain ranges. sSouthern Orégon has vnerhans

the finest examples of fault-block mountains of any region in
the world. These mountains, composed entirely of the great
thickness of lavas that cover all of this portion of Crepon,
have remained practically unmodified since their uplift, sc

that their present topographic aspect 1s due almost eutirely

to structural movements. The graben structure is characteris-
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tic of southern QOregon. Alvo}d, Guano and Warner valleys
are all well defined grabens, which face steep faunlt scarps
on either side. Guano and '‘Jerner valleys are fairly sym-
metrical, the faulted valley walls on either side rising to
ebout equeal heights, but in the Alvord graben the eastern
wall of the valley rises only a few hundred feet whilevits
western limit is defined by the tremendous fault scarp of
steens llountain, which rises over 5,500 feet ebove the valley
floor, reaching an elevation of over 11,000 feet above the
sea. These graben valleys, during the later part of the
Pleistocene and throughout the Yuaternary were occupied by
great lakes which, at least in some cases, were ccnnected
with the vast Quaternary Lake Lahontan in ifevada., 5ilts and
sands deposited in the lakes have reached thicknesses of cover
5,000 feet in places and deposition has proceeded to‘such an
extent that it practically everywhere masks the bedrock struc-
ture c¢f the graben floors and leaves each valley as a flst ex-
pense of lake sediments from one majcr fault scarp to the next,

During the late Yuaternary and in recent times most of
these lakes have gone out of existence, so that at the pres-
ent time the graben valleys are a desolate expanse of perfect-
ly level undissected, vegetationless,silty clay, above which,
a&long the sides of the valley, various beach lines testify
to the former depth and fluctuations of the lakes. lany of
the lakes have dried up within historic times. 'nhe Werner
Jalley was occupied by an extensive system of shallow lakes

as late as twenty-five years age. Jhese hsve undersone
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district. ©Small fault scarps sre everywhere in evidence upon
the surface of the plateau. These wander ascross its surface
in an exceedingly irregular manner, branching and coalescing
to form & most intricate pattern. These scarps are capsable
cf no other interpretation than through faulting. 1o erosion-
al agency could gpproach the forms that they‘assume and they
cennct be interpreted as the edges of lava flows on acccunt
of the fact that they commonly truncate and expose more than
one flow and alsc show by their irregular brancihing pattern
that they cennot represent the ends of ylows. Tie fault
scarps on the plateau are comacnly of low elevation, scluon
exnibiting a throw of over ROO.feet with the wajority of tiem
less than 100 feet in height. The branching, irregulsr trend
of the scarps makes the fitting of the fault lines intc any
regicnal structural trend somewhat of a problem, but it ceemns

probable that they fit into two ratiher definite intersecting

G

structursl lines, one trending northwest-southeast, the otier

almost nerth and socuth. ‘he northwest-southeast trend is tiue

doninant cne as is slso the case in the Glass Juttes ranre.

Off to the northwest at a distance estimsted vetween 15

end 20 miles a complex mountain mass apparently of much the
same size and type as the Glass 3Buttes, rices in a course

~

roughly paralleling them. Mar oif to the northeast the view

is broken by another similar mass. Ilany small eminances,
having the appearance of smell basaltic cinder cones, can be

seen from the summit of the Buttes.

the Glass Buttes Range consists entirely of volcanic
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rocks represcnting three periods of extrusion. The first
flows were bf olivine and augite basalts. These early flows
were covered by & conformable lava series in which such petro-
graphic types as augite andesite, quartz andesite, hypersthene
dacite, augite dacite, hypersthene-sugite dacite, perlite, ob-
sidian and vitrophyre have been found. UThis series is in
turn covered, on the plateau adjoining the range, by very re-
cent flows of olivine end sugite bassalt.

Waen viewed from the crestline of the Glass 3uttes Ronge,
the lsva flows can be seen tc tilt awsy ot ratier stecp ancles
on either side until they flatten out an: join the horizcntal
plateau below. Tne douminent structure cof the range ig kncwn
from these relstions to be en anticline, and the rauge igc cinm-
ilar in this respect to the anticlinal nmountains that form the

eastern spurs of the Cascades in ‘Jashington (7) and Oregon.

(7) Zepecially excellent examples of these anticlinal moun-
tains may be ceen in the Lllensburg Polio, Vashington, oi the
Geologic ..tles of the United Jtates.

liinor topographic irregularities of the XHange are due mainly,
nct to the erosion of this enticline, but to a complicated
system of normal faults which traverse the structure. lae

top of the anticlinal arch hes been downdropped into a grsven
which feorms a great longitudinal velley in the very heart of
the range. This central valley extends throughout the entire
eastern threec-fourths of the uplift. omall trensverse grabens

intersect this larger one and there is a profusion of cmall

normal faults and fractures on the sides of the anticline.
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is of = tranSportéd variety and the originel surfaces of the
flows show scarcely any alteration from weathering. In the
older flow counts made of the proportions of different miner-
als by comparing areas occupied in the thin section show the
rock to contain about 65% olivine and sugite. In the younger
rock the amount of sugite present is only sbout 305 and oli-
vine is entirely absent. Although considerable amounts of
glass are present it is improbable that the difference in the
ouantity of tﬁe mafics shown in the crystalline portions of
the rock is compensated for in the composition of the glass.

In a recent article (14) Williem 0. George has attempted

(14) Gecrge, “illiesm 0. ‘The Reletion of the Physical Proper-
ties of atural Glasces to their Chemical Cemposition., Jour.
Geol., T0l.32, Pp.553-373 (1924).

& correlation of the chemicel compoecition cof natural glasces
with their physical properties. Leveral metnecdis c¢f atltacs
were'iollowed and & very interesting serics ci results was
obtained. It was found that a number of physicael nreperties
of natural glass vary in & regular order with the vercentsge
of silica which the glass contains. OQune ol the most reliable
of these properties is the variation in index of reiracticn
with silica content. The more hasic glascses have the higsher
index, the index decreasing in & fairly regular manner frem

1.58 to 1.60 for a glass with about 50, silica to about 1.49

[

n

joie)

lasses of acidic composition. A careful determination

of the glass in the base of the younger flow was made £nd

gave the surprising result of 1.489 .005. This would
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of flattened vesicules partislly filled with rounded aggre-
gates of colorless hyalite. In thin section the feldspars
prove to be. andesine which often shows a ragged oscillatory
zoning., The addition of more calcic zones to a sodic nucleus
must have been preceded by some resorption because in each case
the calcic zones were deposited on an irregular nucleus,
while where more sodic material was added to a more cslcic
nucleus the border between the two is well defined. :ugite
and hypersthene occur in 8ll of the banded lavas studied end
are cnaracterized in all cases by marked reaction rims con-
sisting of finely divided reddiéh-brown material with much
included magnetite. 1In several of the rocks hypersthene is
represented only by pseudomorphs of mognetite and of the red-
dish material. Quartz phenocrysts cccur in several of the
rccis. They appear to nave been very unstable and where pres-
ent are very badly resorbed and corroded., Lhe resorpticn nas
taien plece irregulerly se taat the pheaceryctic reancats wrce
often of peculiar shapes with finger-like extensions and nar-
row embsayments along their sides. I[io synantetic minersls are
present surrounding these resorbed phenocrysts, the glassy
bace of the rock penetrating into the innermost recesses of
the resorpticn cavities.

In three of the rocks that were studied andesine appenr-
ed to be unstable, as well es quartz, hypersthene and augite,
&énd showed corroded outlines and marked reaction rims con-

sisting of a fine mat of colorless cryptocrystalline grains

end scaley material showing low polarization colors. ‘he
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of enstatite and hypersthene around olivine were noticed and
were correctly attributed to the reasction of the mineral with
the magma to form these new products. Within the last few
years, however, our knowledge of these reactions and the
changes producing them has grown by leaps and bounds. It is
8lso being clearly realized that the resorption of phenocrysts
by the parent megma is & process identical with the assimila-

tion of wall rock by the magma (18).

(18) Of the voluminous literature on this subject the follow-

ing publications are worthy of especial note:

(a) FMenner, C.N. The Katmai llagmetic Province, Jour. Geol.,
Supplement, Vol.34, pp.675-772 (1925).

(b) Harker, A. The Tertiary Igneous Rocks of 3Skye. lemoirs
of the Geol. 3Survey of the United ingdom (1904).

(c) Adams, 7.D., and 3arlow, A.l. Geology of the Hasliburton
and Rancroft Areas. Dept. of iiines lemoir, HJc.0, p.87 on
(1910).

(d) Berkey, C.P., and Rice, liarion, Ceology of the iest Point
uadrangle, llew York. N.Y.3tate iuseum Bull.225 and 226
(1921).

(e) Read, H.H. Geologicsal llagazine, Vol.6l, pp.443-444 (1924).

(f) Foye, W.G. Iephelite Syenites of Haliburton County, Cn-
tario. Am. Jour. sSci., Vol.40 (1915)

(g) mignt, C.W. Geology cf the osudbury irea, Jeport cf tae
Royal Ontario Nickel Commission (1917).

(h) Harker, 4., Differentiation in Intercrustal llagma Basins.,
Jour. Geol., Vol.24 (1916).

(k) Daly, R.A. The Secondary Origin of Certain Granites.,
Am.Jour.sci., Vol.20 (1905).

(1) Sederholm. On Ifigmatites and Associated Pre-Cambrisn
Rocks of Southwestern Finland. Commission Geol. de
Pinlande, 3ull.58 (1923).

(m) Penner, C.N. Application of the Law of liass Action to
Phenomena of Resorption in Igneous Rocks. (&bst.) .Y,
Acad. Sci., An 19, pp.325-326 (1910). :

(n) Bowen, N.L. Jour.Geol.Supplement, Vol.23, pp.1-89 (1915).

Am. Jour.Sci., Vol.39, pp.175-191 (1915).
Am. Jour. Sci., Vol.40, pp.161-185 (1915),
Jour. Geol., Vol. 27, pp.393-430 (1919).
Proc.Nat.Acad.3ci.,Vol.6,pp.159-162 (1920),
Jour. Geol., Vol.30, pp.177-198, 51%-570
(1922) ., '

The widespread assimilation of wall rock by sn intruding
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proof of the extensive assimilation of xenoliths of a basic

schist by & two foot porphry dike. If assimilation cen go

on in a magmatic system of this size it undoubtedly would be
of considerable importance in a magma of batholithic dimen-
sions,

Resction phenomen& are ver, marked in the scidic lavas
at the Glass Buttes. The main effects are confined to the
resorption of phenoerysts of various minerals and the pro-
duction of coronas asbout the same. In addition to these it
was ndticed thet various types of enclaves are present in
many of the rocks, the relaticn and origin of which are not
fully understood. The majority of the enclaves are probably
enclaves homoeogenes and represent simply an earlier stage
in the cooling and in the textural development of the rock.
llany of these encleves appear to have undergone the eifects
of magmatic corrosion and have been converted over into the
type mdre correctly described as enclaves pclyrenes. In some
cases the inclusions mentioned as enclaves polygenes may nsve
had & foreign origin but if this is the case the nature of
the rock from which they were derived is not apparent.

Zoning of minerals is another commcn feature of the
gcidic recks from the Class Buttes. The zoning exhibited by
andesine phenocrysts has already received comment in the
earlier part of this section. 1In addition to the andesine,
however, it was noticed that sugite in some of the specimens
studied had a marked zonal structure, individusals varying as

much as 206 in extinction from the center to the periphery.

The higher index of refraction of the more central portions
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of the crystal indicates that this zoniﬁg consists in & de-
crease of the lime content from the center to the margin of
the crystal. The zoning in sugite is distinetly of progres-
sive type but, as was the case in the feldspars, addition of
less calcic materisl to a more calcic nucleus seems to have
been preceded by 2 considerable smount of resorption because
numerous zonal breaks may be noted where the inner material
shows the ragged effects of corrosion. A distinet sympathy
is seen between the zoning in the feldspar and in the augite.
In both cases the arrangement of tne zonal layers indicates
that the megma was becoming leesner in calcium as crystalliza-
tion went on.

Zonally arrenged inclusions of glass are very comacn
in the sndesine phenccrysts. They vary from the glassy base
cf the rock in that they are perfectly collrless end do noct
contain inclusions within themselves.

The grcundmass cf the well bended portion of the ficwg
from the Glass 3uttes generslly consists of a yellowish-
brown glass containing innumerable crystallites of various
types. llicrolites of oligoclase-andesine are also numerous
end in some of the lavas become so abundant that they give
the groundmass a felted aspect of trachytic nature. Fluxion
banding is pronounced. Ificrolites and crystallites are all
alligned parallel to the direction of flowage and the streams
of microlites can be seen to bend around the larger pheno-

crysts. An excepticn is seen in one series of trichites

which show no relation to the flow structure and were
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those rocks whose groundmass is of trachytie nature the
quartz is either totally absent or very rare. The name

"dacitoid™ (23) was used by Lacroix in describing lavas

(23) Lacroix. C.R. Acad. Sci., Vol.168, p. 298 (1919).

which ccrrespond in composition t dacite but which do not
contain modal quartz. Iliore recently Vashington has proposed

the name "hyalodacite" (24) for lavas of this type. 3oth of

(24) Washington, H.S. Santorini Eruptiomn of 1925. Bull.Geol.
SOCaAme, VOanV, p9582 (1926)0

these names are based on definite evidence as to the composi-
tion of the rock obtained from chemical analysis, however, cnd
cannot be gpplied to the lavas of the Glass Buttes on the ba-
sis of the evidence now at hand. Owing to the insbility of
obteining analyses it is necessary to retain the name ande-
gsite Tor those rocks in which modal queartz is not present,
although it is highly probable that chemical analyses would
show them to correspond more closely to dacites. It might

be pointed out as evidence sgainst this viewpoint that the
mafic minerals, hypersthene and sugite, are characteristic of
andesites, while hornblende and biotite are more commnonly
found in dacites. Pyroxene dacites are not rare, however, and

have been described from several localities in the West (25).

(25) Iddings, J.P. Igneous Rocks, Vol.II.

Cbsidian: Obsidian, although very common as boulders in
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examined where the heat had been sufficient to cause refusion
only where the breccia had been subjected to continued gas
action along the major contractional joints.

At times, however, the pigmentation is present in fine
parallel bands, which may exhibit such extreme regularity as
to give the rocck a satin-like luster. Although varying both
in fineness and in regularity, they always appear in thin sec-
tion to show one common characteristic. The bands consist
largely of an sggregate of fine reddish flecks, the individu-
als of which have a common orientation disgonal to the main
direction of the banding.

An observation of small feldspar crystals in this banded
obsidien shows a uniform rotational movement that muct be de-
veloped by a differential rate of flow between the adjacent
layers of the lava in which they are imbedded. This differ-

ential rate of flow would develcp & series of rotational

e,
Ly,

stresces between these adjacent layers. To consider an incip-

ient stage of this rotational stress in terms of rcck dynsmics,

s,

the maximum elongation of the resulting strain ellipsoid would

form an acute angle with the direction of flow (Fig. ). Ten-
sional cracks would then tend to develcp at right sugles to the
direction of the maximum elongatiom., These cracks have been

shown™ to be especially well developed in & rather nlastic

(*) 1"eed, W.J. l'echanics of Geologic Structures, Journsl of
Geology Vol.28 (1920), p. 512,

substance and to result frcm rotetional stress prior to the

actual shearing. The local relief of gas prescure resulting
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PIATE VI

liicrophotograph of an cphitic textured olivine ba-
salt waich occurs as a ten foot flow adjacent to the
Conder Cone. llegnificetion, 46 times,

iwicrophotograph of augite basalt overlying the flow
represented in Fig. 1l. Ilagnification, 46 times.

l"icrophotograph showing the common textural rels-
tions in the older basalts.

:licrophotograph of brecciated obsidian. !'agnifica-

tion, 20 tines,






PLATE VII

fife 1o Very finely leminated obsidian showing the develcp-
nent of oxidized minute tensional cracks at an
angle to the lamination. ZFor explanation see the

included article by ir. R. L. FPuller. Iegnifica-

[e3)

tion, 62 times,.
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Leminated obsidian. Ilagnification, 20 times.
Mge. J. Iinely lominated obsidian showing the rotaticnel
O 2
wovenent of phencerysts. agnification, 62 tinmes

M 4. Laninated obeildien., sgnification, 20 times.,









