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1

THE PETROLOGY AND STRUCTURAL RELATIONSHIP OF THE
STEENS MOUNTAIN VOLOANIC SERIES
OF SOUTHEASTERS OREGON

IRTRODUCTION

Location
Lying in the arid unge~él¢d regldn of Southern Oregon,
. 3teens Wountein forma»bw rar.ehn'lurgnab topographic feature
in the northwestern portion of the Great Basin. (Plate I)
Rising gently fram the northwest in an even slope some
twenty«five miles long, formed by the slightly dissected
surfece of a great tilted fault bloek, the mountain ends i
abruptly on the esst 1ﬁ a valley glaciated fault searp,
whieh drons precipitomely to Alvord Desert, fifty-five
hundred feet below, The summit, with sn elevation of sp~
proximately ten thousand feet, lies in the m» uth centrsl
portion of Harney County, a little less than fifty miles
north of the Nevada line at a point aporoximately wmidwey be-
tween the Californie and the Ideho bounderies, (Figure 1)

v ' Name
In the eerly reports the mountain is referred to as
Stein Nountain, which aoéording to-hﬁaraay in the region?
is attributed to the German word mesning "stone", in refer=
ence to the magnificent exposures of .rock on the eastern

scarp. The author of hhié original name is appesrently
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unknown, Subsequently it was corrupted to "Steins”,

 Populsr usage of the present generation has, harovcr,’
firmly estsblished the derived eppelation "Steens lioune

tain" for at least the last twenty years,

FPleld Viork

The writer's fleld work in the reglon has been dis=
tributed over five summers, varying In durstion from two
io nine weeks in length, The first two years were de~
voted to reconnaissence @nﬂ to the study of the baselt of
‘the region in comparison to the Columbla River lavas,
This investigation necessitated the axnminatian\and sampling
of the beselt exposed by the major fault secarps.

Subsequently proof of the origin of the strueture
formed the essential objective, This culminated in 1029
in & joint publication with My, Asron C, Waters of Yale
University on the "Nature and Origin of the Horst end
Graben &tﬁuctura of Southern Oregon”, (1) In addition to

(1) Richerd E, FMuller and Aaron C. Teters, "The Nature and
Origin of the Horst and Graben Structure of Southern Oregon,”
Jour, Geol,, Vol. XAXVII (1929), pp. 204-39, )

a description of the structural feastures, this paper includ-

ed brief commente on the volcanie sequence of the reglon,

_ Culture
Steens lountain and the adjacent district is very
sparsely populated, owing to the faet that its principal
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industry consists in the gmzing‘ of sheep on the scanty vege~
tation of the higher wmountains, This industry ls largely in
the hands of the Spanish Besques, There are also, ho:eier,
in the reglon several well estsblished cettle ranches, which
are irrigated by the larger streams, The towns named on
many of the meps usually consist of a single store, which
contains the post office, In additlon, there are numerous
deserted homesteads that were mostly established about

twenty-five years ago.

Aecessibllity

& network of roade in the country enables one to
motor within welking distance of almost any topographic
feature, Some of the main rosds have been 1mprdved. (Plate
II} Many of them, however, consist mnrelj of tralls worn in
the sage brush, Locally these have been rendered very rough
by occasional cloud-bursts, Owing to the trend of the
faults, the chief difficulty in the area lles in going east
andvieat.‘

To the north, a branch line of the Union Peeific ends
at Burna‘aboﬁt twonti miles north of Harney Lake, To the
southwest, Lakeview, situated at the norther£ end of Goose
Lake 1s the terminus of anothar branch line, The third out-
let tﬂxthe”rggion is #irnemucca, which lies about 120 milog
below the lNevada border on the naﬁrént railrﬁad line to the
souths These three towns are all prosperous centers of

several thousand inhabitents, They are all on wéll cone
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structed highways,

General Geology and Scope of Investigetion

In southern Oregon east of the Cascede Hange, & varied
nir!easof late Tertiary lavas iz cut by the northern con=
tinuetion of the Zasin Renge faults, The differential
movement of the blocks libersted by this fsulting has
resulted in the formation of seven mejor depressions whieh
are bounded usually by preecipltous fault scerps varying in
height from a few hundred feet to several thousand., These
seven depresaions, which trend roughly northesouth, ere in
order from west to east; -~ the Klamath graben (containing
Klameth Lake), the Sumver Lake~Chewaucan HaprsheGoose Lake
depression, Yarner Valley, OGuanc Valley, Catlow Valley,
Alvord Desert, and NcDermitt Valliey.

These depressions are all relatively flat-floored
owing to the secumulstion of sedlments In the vest system
of lakes which they onoce formed, The meny purtinily eroded
beach terraces on the scarps throughout the region testify
to a previous depth of water of about three hundred feet
sbove the silt, which in itself is probably meny hundred
feet in depth, The surface of these deposite, vaéying but
slightly in the different basins, is over four thousand
feet in elevation,

Since the melting of the FPlelstocene glaciers on some
of the higher mountains, the lakos'have gradually diminished
until now thelr former presence 1s 1ndloaﬁcd ehiefly by
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playa flats, which usually have 3nly uligqt\margtnnl vegew
tation, (Figure 2) In recent years most of the sctive
streams in the region have been utilized for irrigation.
Btniﬂd\thil replenishment the few surviving lekes are rapidly
being reduced to playas that are flooded only by ococesional
precipitation, = |

These depressions, or grebens, are bounded longltudi-
nally by the steep scerps of the gently tilted fsult bloeks
thet lle between them., Yany of these blocks are defined
by faults on both sides end, in consequence, give riie to
true horst and greben structure rother than ﬁhn tilted fault
block;mauntaina. which are ususlly charscteristiec of the
Grest Basin. As & rule, the blocks dip away from the ma.jor
fault,. |

Only the two highest scarps in the reglon have been
appreciably modified by stream erosion, These two locale
itles ere the high esstern face of Steens Mbunta:n~(Fignro
3) end the western side of Hart sountnin, which forme the
eastern wall of Warmer Valley, Owing to thelr elevstion
these mountaine have many smell sctive streams, The princle
pel erosion, héwewar. probably was confined to the Pleisto=-
eene, when the high portion of Steens Hountain suffered
marked valley glaclation, Fortunstely these two loecale
ities form the centers of the principal vulcanialawtivity
of the reglon, for the m@gnifioont exposures in the network
of valioyu that cut the scarpes permit an interpretation of




Figure 2, Vliew northward from Alvord Desert, show=-
ing the slight encroachment of vegetation at the

margin of a typlcal playa.

Figure 3. The high scarp of Steens lountain viewed
from north of Alvord Desert. A typical sagebrush

growth is in the foreground.
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- meny of thelr volosnie phanoaann: The bigher meumbers of

the series, however, have survived ercelon only on the lower
'olrpi. which leek the varlation of the other two looale
1ci¢n;. is e consequence their complete interpretation
involves merely the study of sectlions at e few earefully
ehosen localitlies, . |

This report is confined chilefly to the Stecns Wountain
voleanles, but includes evidence on the stratigraphle roe
lationship of thie series to that éxposed in the sdjscent
regions The investigetion prectically ceases at the margin
of the desert country which may be roughly demsrked by con=
tinuing to the southwest the line forwed by the western wall
- of the Sumser Lake-Chewaucun Yarsh depression to the western
soarp of ﬁatnag,V:llar. #est of this line, the exposures
are 10:: satiafootory, owing to the sudden inartnua'in Veg o
tation as the Cascade Hountains sre approsched,

PREVIOUE LITERATURE
General Keconnalssance Work
The earliest report on thd goology of the reglon is
by Jamos Blake.(2) In the esrly seventies he axumﬂuoﬁ Fueblo

(2) Jemes Blake, "On the Pueblo Hemge of Hountains,” Calif
ﬁG.{GQ 3@1’ PMQ' vo:l# v {13‘73,; F!h 210‘%1“

siountain, which lles directly to the south of Eteens end 1s,
in part, defined on both sides by continuetions of the seme
feults, Here are exposed both the southern continuation



of the Steens Mountsin voleenic series and the underlying

4

erystalline rocks on whiech it rests, Blake gave a brlef
desoription of the metamorphics and the voleanics and suge
gested that the latter might form the sequence for a large
b&rt of southern Oregon, perhaps even extending northward
beyond ﬁhe Columbla River,

In 1881 and 1882, I. C. Russell made a gemersl survey
. of th@ geology of the northern end of the Great Basin. His

subsequent report {3) contsined a remarksbly good reconnais-

(3) I. Cs Rﬁ»lcll, "4 Geologlesl Reconnalssance in Southern
Oregon,” U.S. Geol. Survey, iAnn. Rept. 4 (1884), pp. 451-464,

sance map showing the mejor feults, He considered the
: ltrﬁcture to be due to normal faulting. About twenty years
ljeter he made a superficiel examination of Steens Vountain,
He noted the basal tuffe, but consldered the lavas to con=
slst entirely of basalt,

In 1903, a week's study of the southern part of Steens
Hountaln ﬁuablad We ¥y Davis to meke some general observas

tions (4) on the etructure and physlography of the‘ﬁountulua

(4) I. C. Russell, “"Preliminary Report on the irteslsn Basins
in Southwestern Idaho and Southeastern Oregon,” U. 5. Geol.
Supvey, Vater-Supply Paper 78 (1903), pp. 16-23; "Hotes on
the Geology of Southwestern Idaho and Southeastern Oregon,”
Ue Gu Gools Survey, Bali. 217 (1903), pp. 35«34, 064-060.

In thise roport'ha suggested that the southern and middle
parts of Steens Yountain mre defined by faults on the western
side es well as on the esst, and therefore, that that part of
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thi mountain is a true horst, Time dld not permit Davis
to visit the western scarp, but observetions by the writer
have subsequently confirmed his ilmpression _ 

Apout five years later, Gerald A. Varing spent two
years in praparing a very able reconnalssence report and
map on the geology and water resources of most of the vol-
canic #qgian of south central Oregon, This was published
in two papers. (6) Vieping di1d not attempt to do detalled

(8) Gerald A, Waring, "Geology and VWater Resources of a
Portion of South Centrel Gre¥ous“ Us S, Geol. Survey,
Tater-Supply Pasper 220 (1908), "Geology and Water He~
sources of the Harney Basin Reglon, Oregon,” U. %. Geol.
Survey, Water-Supply Paper 231, (1909).

work on the stratigrephic succeesion, but msraly‘cuhdividud
the lavas into the Esrlier Effusives and the Mein Lava Flows,
He J+ Russell has since celled ettentlion to the rnet:that the
seldic lave forming one of the "Harlier iffusives” 1s ap-
perently & later intrusive.(€) 2

(6) Re Jo Russell, “Basin Range Strueture and Stratigraphy
of the Warner Range, Northeastern Californis,” Univ. Calif,
Publ., Bull, Dept. Ceol, Sel., Vol. XVII (1928}, pe 427,

Local Stratigraphy in Adjecent Reglions
In 1910, Merriam Published an article on the "Tertiary
Kemmal Beds st Virgin Valley snd Thoussnd Oreek in Northe
weestern Nevada", (7) Owing to thelr pvaximaty\to the southe-
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P 3

{7) J. C. Herriem, "Tertisry lamwal Beds at Virgin Valley

snd Thousend Creek in Northwestern Nevada,” Univ. Calif.

i:glgaiaﬂllc ant. Geol. S@im’ Vol., VI (191@*11)' Phe ﬂ1~53.
- .

abn oxianainn of the Stnunl.Mnuntain voleanies exposed on
Pueblo lountain, the age and relationship of these beds are
of conslderable importance,

South of Pueblo Nountaln, and imuedistely west of the
tilted spur formed by the southern extenslon of the voleanle
geries as 1t plunges southward, lles the Thousand Creek EBasin,
This besin, which is but superficially eroded, contains
atratifted tuf'fs of unknown thickness directly overlying the
Fueblo ‘ountaln serles, From thelr vertebrate feaune these
beds were considered by Werriam to be of Lower Pliocene sge,

but subsegquent studies by Dr. Chester Stoek (8) indicate

5

(8) Personsl commnication.

them to be "definitely Flioeene and fairly late tﬁ that
period”. These light colored tuffs are locally capped by &
thin flow known as the Railroad Ridge Basalts This lava
was thought to heve origlinally filled & river bed,
Imvedietely adjacent to the back of the Pueblo dountain
bloek no satisfactory exposures nve‘apparont* liorriam obe
served that the sediments ae they near Fueblo lountain de-
velop & slight dip to the southwest,(9®) but, although the

(9) Ope olte, P 45,
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1
contact was not exposed, he considered the tuffs to bear a

strongly non-conformable relationship(l0) to the underlying

(10) Op. eit., p. 29.

L

lavas, This interpretation would place the period of fault-
ing end its accompanying deformation relatively early in the
Pliocene. This age would be contradictory to ﬁhe prevailing
evidence apparent elsewhere in the northern portion of the‘

Great Basin, for Louderback's work (11) clearly indicated a

(11) George D. Louderback, "Period of Scarp Production in
the Great Basin," Univ. Calif. Publ., Bull. Dept. Geol.
Sei., Vol. XV, No. 1 (1924), pp. 1-44.

late Pliocene or a post-Fliocene time for the beginning of
faulting. Viewed at a distaence from the south, in the
opinion of the writer, the tuffs appear distinetly to curve
upwards to the east conformably overlying the flows: These
indications, however, are based only on indefinite criteria
dependent on physiographic expression, soil &oior, and vege-
tation.

The Thousand Creek Basin is bounded on the south by a
steep fault scarp exposing a thickness of rhyolite of at
least four hundred feet, referred to as the Canyon Rhyolite.
To the south on top of the irregular surface formed by this
acidiec lava, lies a tuffaceous series of sediments about one
thousand five hundred feet in thickness. These are over-

laid by a thin cap of basalt called the Hesa Basalt in re-
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ference to its physiographic torém This basalt was thought
by lerriam to correlate possibly with the similar Rnllruad"
Hidge Basalt in the downefaulted basin to the north, Ime
mediately beneath the Hess Beealt the exposures ape either
very vteob or covered with talus. In elither case they were
unauithlc for the collecting of possible fosslls, |

Thé fauna of the lower beds was considered by llerriem
to_balong to the Upper ilocene, while the upper part was
considered to possibly correlste with the very similar bo&i

in Th@usahd Creek., Subsequent work by Stoeck, (12) however,

{12) Persontl comrunilcstion,

indientes the beds to be of liddle llocene age and, there~
fore, unrelated to those exposed in the basin imcedlately to
the naitha Traced horthward the great volecanle series of
Pueblo Mountain,'vhioh is but ten mliles away, also overlies
uidimcﬁts of iuppﬁuﬁd ¥iddle liiocene age. To prevent the
Virgin Valley beds from belng flooded with these relatively
fluld northern lavas 1t is nnauaniry to postulate a barrier,
whlah'@ay heve been formed by the great mass of Canyon
Rhyollte. R

‘Recently, Richard J. Russell published an sxeéilmmt
rapovt (13J on the geology of the Warner Henge of Californis,

(13) Richerd J, Russell, "Basin Range Structure and Strae
tigraphy of the Warner Hange lortheastern California,” Univ,
Calif, Publ., Bull. Dept. Geol. S@iu,' Vol. JWIE, Ko. 11
(1928), pPpe 387-496, -
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whiech forms the western searp of the southern eontinuation
of the Warner Valley lying about seventy miles west of the
southern spur of Pueblo Hountain, ﬁunuoll was primarily ine
terested in the structure and physiography of the reglon.
For the purpose of mapping, the volesnle series was divided
into stratigraphlc units, but, owing to the absence of sulte
able exposures, this stratigraphy was, of necessity, of a re~
connaissance nature, liost of the series 1s probably of a
relatively loeal distribution, but & broader adrrmlatinn was
suggested for two of the upper members,

Near the top of the wvolcanic series here exposed,
basaltic flows form a sheet thirty to six hundred feet in
thickneess, This lave, which was named the wurnir Basalt,
was Indlecated by fossll evidence to be Lower Fliocene age.
Russell considered that this serles thickened to the north
to form the great exposures in the northern part of Werner
Velley and at Abert Rim, He also norralntuq this bagalt not
only with the Hesa Besalt snd the Reilroad Rldge Basalt, but
considers "that 1t 1s very likely that thls same sheet is, at

lesst, in pert his (Merriam's) Pueblo lountain series”, (14)

(14) Op. cit., pps 416-17.

Capping the Warner Basalt in northeastern California is
some rhyolite of veriable thlckness, forming the upperzost
member in the loeal stratigraphlc sequence, In a similar

manner the extrusion of the aecldic lava in this broad vole




v
eanle Tield was thought to be coAfined chiefly to & prolong~
ed rhyolitic period subssguent to the basalt, (18} 1In order

{16) Rs J. Russell, W% elte, ppe 4E7-28,

— . ‘
that the sequence im Virgin Velley and the Thousand Creek

pasin might colncide with the type locallty Russell consider
ed that Merriam failed to appreciate the full significence
of faulting and, in consequence, in pert, misinterpreted the
geologle history. Although his evidence 1e not very co-
herent, Fussell apparently considered that the great exw
posures of rhyolite adjecent to Virgin Valley and Thousand
Creek are due to post-iesa Basalt extrusion, followed by the
down faulting nr_these capping voloenies, '

The present writer, however, is in full sccord with
Herriem in eonaid-ming the Canyon Fhyolite to be below the
sediments, The esctual contect was loecelly excavated by the
writer, and fragments of the glasey rhyolite were found to
be directly tracesble into the stretified tuffs, In addi-
tion, the ecidie flow capping the Fueblo Hounteln serles is
definitely older then the Thousand Creek Beds. The basaltie
series which 1t ecaps hes no epperent snalogy to elther the
Wesa or the Kallrosd Ridge Peselt. |

The Cenyon Rhyolite, altﬁaugh ite bame 18 not exposed,
shows & thickmess of st leest three hundred feet within a
horizontal diqtanee of a few hundred yafda from the flat

persistent cep of Mese Hesalt, If the rhyolite was sube-
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sequent to the lMesa Basalt, a coﬁsidersble thickness must
héve extended over this level cap. It seems impossible to
the writer to have erosion completely strip this resistant
acldic lava and still leave the undissected surface that
characterizes the thin basaltic eap. There has, however,
as Russell says, been acidic voleanic activity in the vi-
oinity subsequent to the extrusion of the liesa Basalt, for
scattered small pebbles of obsidian may be found resting
on it, These may have been deposited in now eroded tuffs,
The stratigraphic correlation of the Warner Basalt

with the Steens lountain series will be considered in later

pages.

Origin of the Structure
In 1927, after a brief reconnalssance, W. D. Smith

published a paper (16) on the stratigraphy and structure of

{(16) Warfen D. Smith, "Contribution to the Geology of South=-
eastern Oregon,"™ (Steens and Pueblo Yountains), Jour. Geol.,
Vol. XXXV (1927), pp. 421-41.

Steens and Pueblo lountains, chiefly for the purpose of ad=-
vancing a compressional hypothesis for the origin of the

former. A‘similér theory (17) had been previously pro-

{17) EBs J» Wayland{
- Abert Rift Valley,"

"Some Aeccount of the Geology of the Lake
Geogs Jour., Vol. LVIII (1921), p. 353.

pounded to explain the structure of apparently analogous

features in central Africa.
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This hypothesls demends that the tilted fault bloecks
in the reglon owe thalr-elaiation to steep upthrusts elther
with or without horizontal movement, This displacement was
thought to be due to shesring at approximately forty=five
degrees to the direction of aﬁmproaniqn. The grabens such
as that forming Alvord Desert are considered to be due to
mﬂtu&lly oppoeing thrust faults reising the blocks above
tha'inturvening flat floor that wes thought to represent
the undeformed prefaulting surfece.

Without considering the many inesccuracies on which
tﬁ;o theoéy 1s besed, the writer will review briefly the
eight mein arguments advanced by Fullar‘aﬁd Waters (18) to

{18) Op. o¢lt., PP« 223-38,

indicate the temsional origin of the reglonal structure, &
definite establishment of thls basie prinéipls is essential
.rér the correct Iinterpretstion of many features in the vole
'agni& history Qt the reglon, as well &s in the phyiiographic

expression,

Normal Fhulting
%o thrust fault has been discovered in southern Oregon
while a number of normal fault plsnes are well exposed, On
Steens lountsin most of these sre in zones near the scarp
and roughly parsellel to i1t. They result loeally in the de-
volopmont of step faults, fha step fault blocks cannot be
gonfused with landslides for they lack the charscteristiec
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reverse rotation, and wvhere the }hulte are exposed the
planes show no tendeney to flatten even when they csn be
traced downwards for a thousand feet, In wmost instances
the st@p faulting in thle #ogian is apparent only physie
ographically. Loeslly the thin blocks may be traced along

the scarps for a mile or more, Seversl miles west of the

waln feult zone on Steens Hountaln there sre elso some minor

faulte thet show a normsl displecement iIn the opposite

direction.

Genetic Importance of 5tep Faults
Since the presence of step feulte in the opinion of
the authors formed one of the most luportsnt proofs of tene
sion, the writer will quote from the originsl publication
the principal persgraphs dealing with the subject,

—————

"The writers arc of the opinion that the numerous step
faults defining narrow step blocks which extend for & con=
siderable distance slong the fault scarps of southern Oree
gon are & direst proof of normal faulting snd are inexplie
ecable by the compressional hypcthaaia.‘ Some advocates of

the compressional hypothesis heve explalned these features

as superficisl phenomens conseguent on the overhang produced

by the smargbnaa of & thrnsﬁ along & valley side, & dia-
grammatic representation of this idea glven by Ee s Wayland

in his account of the Abertine Rift (19) 1s reproduced by

Clg) Upe ‘1*:;; Pe 3535,
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Smith (20) in his paper on Steens Hountain, snd has even

(20} Op. 0lt., ps 434, Figure 8,

been rpproduaod and the explanation quoted with approvael in
& standsird textbook of utructuralvgeolagy. (21) Therefore,

(21) Balley %illis, "Geologle Structures,” p. 8l, Flgure 57.

1t mey be worth while to digress for a moment in order to
point out some very obvious fellecies whieh it contains,

The dlsgrem in question 18 reproduced as Figure 4. In»tho
sketeh of the scarp due to thrusting, the overhanging portion
of the emerged block is assumed to heve fallen as two narrow
step blocks so that & result ls achleved very similar to the
escarpment produced by normal feulting., These step blocks
sre, then, sccording to Wayland's hypothesls, nothing more
then landslides, No explanstion is éfrured ss to the fallure
of these biaoks to show the characteristic rotario‘ruv

tation (22) of ordinary landsiides, Weyland states that

(22) I, Co Russell, "Geology of the Cascade Hountaine In
Northern Washington,” U, S, Geol. Survey, fAnn. Rept. 20
{1900}, Pert 1I, p. 1943 "Topographie Features Due to
Lendsiides," Pop. Seil. lonthly, Vol. LIII (1898), pp. 480~
90, Bailey Willls, op. oit., ps 44, C, K. Lelth, . .
“Structursl Geology," (New York, 1923), pp. 202, 203-4,

movement on & thrust of this type could only be inltiated by
Yenorzous pressure’ and that '"tremendous rellefs’ are ne~

cessitated in satisfsctlon of this pressure. (235) A natural




Pigure 4, "Wayland's diagram showing the

gimilarity of thrust and normal fault scarps.
The step faults on the thrust scarps are

regarded as superficial landslides."

R. E. Fuller and A. C. Waters, op. cit. Fig.
13, P« 226




(23) Ope eit,, pe 357

aonuﬁquaueaAéfkthin pressure would be the extreme shearing,
cruanigg, and grenulation of the rocks adjacent to the thrust
surface., Yhen this crushed mass ewerged overhanging the
valley, one would expect 1t to give way and fall in an ine
diserininate jumble of debris, No large hldekn,armnugéﬁ in
 an orderly stepelike fashion such as Wayland bas drawn would
‘be expected, end thoir mccuirannaAaauld only be regarded as
fortuitous, That blocks of this type could extend unbroken
for long distances along the fage of the escarpment 1s Ine
ébncaivahle“

"It 1s characteristic, however, that the narrow blocks
bounded bj step faulte commonly extend for distances of a
mile or occaslonally several ulles without merked dicw

ruption.(24) Obviously the faults which bound them extend

(24) F. Dixey, "The Nyasaland Section of the Great Rift
Valley," Geog. Jour., Vol. LAVIII (1926}, pps 120, 124-25
J. W Gregory, "The iAfricen Rift Valleys," ibid., Vol. LVI
(1920), Ps 23. Douglas %, Johnson, "Eloek ¥ountsins in New
Mexico," Jour, Geol,, Vol. XAXI (1903) , ppe 136=37,
Waldemar Lindgren, "The Tertiary Gravels of the Sierrs
Nevada,” U. &. Geol. Survey, Prof. Paper 73 (1911), pe 42,
8, Ds Louderback, "The Basin Range Strusture of the Humbolt
R‘gi@ﬂj“"“‘ﬁln So¢., Ameries, Bull.Vol. XV (1904), pp. 324,
534, 341-42, "Norphologle Features, of the Desin Renge Dis~
placements in the Great Besin,” Univ, Celif. Publ.,Bull.
Dept. Ceol. Scl., Vol. XVI, Ko. 1 (1926), ppe 1-3l. Jobhn
Parkinson, "The Great iAfriean Troughs in the Nelghborhood
of the Soda Lakes," Ceog. Jour,, Vol. XLIV (1814), ppe 38=
49, John f. Reld, "The Ceowmorphogeny of the Sierra Nevada
lortheast of Lake Tehoe,"” Univ. Celif, Publ., Bull. Dept.
Geol. Sel., Vol. VI (1911), pp. 116, 117, 1355=38, H. L.
Sikes, "The Structure of the Bastern Flank of the Rift




24

Valley near Nairobl," Geog. Jour:, Vols LXVIII (1926),
Pnu 386' 5&9”90’ 401&

ﬂaln,paruliel, or spproximately perallel, to the maln fault
along yhich the maxlaum displacement of the range ocourred
and are not surficlal features that stop et the valley floor,
"However, let us grant for the moment that step feaults
might‘bu‘rbrmad as sgsumed by Wuyland, and inguire into the
possibility that the lower bloeks would stlll preserve their
steplike relationship to those higher upon the escarpment.
The dlsgramsatic sections in Pigure 5 convey the writer's
impressions of the necessary result, Upon a relatively
small emergence of the thrust block, the firet step, (1),
would form, further thrusting would overturn this block,
and 1ts lower pert would be overridden by the advencing
mess, The second step bloek, (£2), therefore, would not
have a steplike relationship to the first, and this train of
events would be eontiﬁueﬂ_la long 88 thrusting took place.
The only way in whieh the relationshlp pletured by VWaylemd
eould occur would be o have the block thrust up unbroken
to & position Aotually overhenging the valley (Figure 6),
then to have step block (2) form and this later split |
asunder and the outerxost pert dropped to form step block
(1) The difficulties that such & hypothesls must en-
counter to explain & number of parallel step blocks extend=
ing unbroken for & considerable distence along & high fault

gecarp are too obvious to merit discussion.




Figure 5. "Supposed stages in the evolution of a
thrust fault scarp, provided step blocks actually
do form. On slight emergence the tip of the thrust
block would slip off, forming the step bloek 1.
Further movement would overturn and override this
block. If a second step block 2, is formed 1t will
no longer have a steplik§ relationship to the first

block." Compare Figure 6.

R, E. Fuller and A. C, Waters, op. cit., Figure 14,
Pe 227.




Figure 6. "Stages 1n the evolution of a thrust
fault scarp according to Wayland's diagram (Figure
4 )e The entire block must first be shoved up

to a position overhanging the valley, then step
bloek (2) must slide down and later break and the
outer portion of 1t slip down to form step block
(1) Suech a mechanism appears to be very improb-
able.” Compare with Figure ( 5). (Talus omitted

from dlagram,)

R. E., Fuller and A. C. Waters, op. cit., Figure
15, p. 228,




27

¥ A neeceseary corollery to @aylund*s method for the
formation of step faults 1s that these faults are confined

- entirely to the mein rift secarp and are not found on the

bagk of the rif't blocks or on the floor of the valley below,
This 1s entirely out of sccord with the evidence from southe
ern Oregon, where subsidlary faulte parallel to the main
fault escarpment cen be found, not only on the back of the
blocks, but also on the floors of the grabens,

The general conclusion 1s reached, thqrafare, that the
narrow well-defined step blocks of considerable longitudinal
extent, which sre & common feature of normal fsult scarps,
are not to be confused with the irreguler landelides and
heterogeneous masses of debéia thet sccumulate at the base

of the scarps produced by steeply dipping thrusts,”

Voleenle Vents Associated with the Scarps

“The prevelence of volesnie vents along the graben
escarpments of the southern Oregon---with & predominant
orientation parallel to & potential fsult which lmthr cut
them, suggests that they aaaupioﬂ & line of tensional weakw
ness even before the sctusl faulting had begun, Come
pression woﬁld.eluan the fault rraqtursa tightly and make
them very unfavorable loeci for vuleenism, In taat,auamo'
suthaéa have stated as a general principle the theorem that
magmas characteristicslly shun the thrust planes end tend

. %o work Inwerd toward the central portion of the deformed
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‘ : 1
belt, (25) VWhere maguas have been intruded into areas

(£6) Rollin T, Chamberlin & T. 4. Link, "The Theory of
Laterally Spreading Batholiths,” Jour. Geol., Vol. XXXV
(192”)3 Pe 347 »

e |

undergoing severe coupression they usually form concordant
budiaa‘parallel to the schistosity or bedding, and not the
roughly discordant types that are ohara@tariitia of vole
canic feeders, Although sowe ;uthora have considered the
presence of volesnle vents to favor the compresslonal hy-
pothesis, the occurrence of these features along definite
thrust plmaa hes been very rarely recorded, Thelr common
‘auaoaiation with normal feults, however, is now well s~
tablished, end numerous examples are fortheoming from widely

ooparatnd'part» of the world, (26) If we grant that the

(26) A+ K. indrew and T. E. G. Balley, "The Geoclogy of
Fyasaland," Quar. Jour, Geol, S50¢., Vol. LAVI (1910)’ Pe
238, Ge Le Collie, "Platesu of BEritish Esst Afwica,” Geol.
Soe. America, Bull,, Vol. xxIII*{lQlE)’APD 313. J. W,
Gregory, "The ifricen Rift Valleys," pp. 16, 20, 23, 28,
29, 33, %6, L. ¥, Johnson, "Block Faulting in the Klamath
s Lﬂkaﬁ H’egion,"’ Jour, Gool.y VOl XXVI (1918). Pa 289,

\ ‘Qn Dol-oud“mckg ﬂpﬁ ﬂit.. Dc 5121 G‘ﬂ Rg Eﬁanlfiﬁlﬂ, Uo 30
- Geol, Survey Frof. Paper 153, ppe 128, 136, 378, 390, John
Parkinson, Ope Git.. Pe 36, H, L. Sikﬁﬂg ODa cit., Pe 388,
Ee O Thelle, "Further Notes on the Fhysiography of
Portuguese Last /ifrica, between the Zambezil River end the
Sabl River," Geog. Jour., Vol. XLVI (1915}, p. 279.

so-called "normel fsults” are really thrusts we ere at a
loss to explaln thelir common assoclation with voleenie
feeders, since in ordinery thrusts these sre ususlly sbsent,
On the other hand, 1f the normal faults are tensional this
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agsoclution 1is entirely lagiunlm$

Cirecular Fault Bsein

"If roughly ellipticel to eireulsr depressions, |
exeuplified by Summer Leke, Silver Lake, and the Upper
Alvord plays, are due to compressionsl faulting, them the
forces must have scted centripitelly like the slosing of a
camers shutter, OSeemingly a dome would have been the more
logieel strueture under ;hoae conditions, It'ia particu~
larly difficult to understend how, in the case of the Upper
Alvord plays, the deformatlion could have been restricted to
8 very small central ares only about three miles in dismeter
end yet was eufficlently severe to result in the walls of
this tiny bassin being thrust up ae much &s one thousand feet
above the playa surfece, 7The actual mechaniem of thh
formation of festures of this type 1s somewhat obscure,
but.ngionul tension allowing the release necessary for
movement of such swmell units appears to be absolutely ese |

‘ !mti‘lo“

- The Absence of Folding end Other
Coupressional Effects
The rocks assoclated vith'utocpli‘alpping thrgut
tuulta'ara‘praotically slways grestly buckled snd foldea.
yet the blocks formed by the voleanie series in southern
Oregon are astonishingly simple in structure., The most
severe deformation should be found on the overthrust block



adjecent to the thrust plane, yet the hundreds of thin
sections from the lave samples collected on the faece of the
searps nhﬁr no evidence of gramulation or erushing. Hven
vurtlcrl open bands of 11thnyhyuna\1n a rhyolite vent on
the Steens escarpment have matainod theilr most delicate
itruaturo intact, nnﬂ the bedding of the highly lnaoapatont
waterlald tuffs at the base of tha mountnin 1s still un~
diaturbod-

Even Distribution of the Deformation
"Certain more genersl features of the southern Orew

gon fault=-block country have no obvious explanation if ia

assume that these struetures are due to eamgrnn.!du. Prom

west to esst across the faulted portion of the state 1s e
distance of ﬁoro than two hundred miles, and wo‘hqvo ne

~ indicstlon thet the feult structure ceases short of the
areas that lansfield has mapped in southeastern Ideho -

a totsl distence of over five hundred miles, In southern
Oragan'thnro,ara aovon'ﬁnl; defined north-south fault dee
pressions of about equel megnitude, It would require a
rather unusual distribution of stress, 1f wo assume com=
s, 1a order to produce such uniform structures as
these, Compressional ntrou-'gancrally tends to localize
the failure in narrow zones, but in this distriet the
failure is practicelly uniform over the entire urdn'”
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 Effects of Compressionsl Deformation in the
Golumbla River Ilateau
‘comaurlaun with adjoining districts shows that there
1s no reason why the basalts of southern Oregon should not
fold if subjected to compresslon, 7To the north the com=
pression of the colﬁmhiu River basalt appesars invarighly to
have resulted in folds (27) rether than faults . . »

(27) George Otis Smith, "inticlinal Ridges in Central
Wtﬁhingtw," Jour. Geol., Vol. XI (1903}, ppe 167«T7.,

- "Geology and Physiography of Centrel Washington,” U.85. Geol.
 Survey, Prof. Peper 19 (1908), pp. 1~40, BEalley Willls,
"Physiography and Deformation of the Wenatghee~Chelan
Distriet, Cascade Renge,” ibid., pp. 41-102, Gersld i.
Waring, "Geology and Water Resources in South~Central
Washington,” U.5. Geol. Survey, Veter-Supply Paper 316
{1913) pp. 22+26, PFrank C. Calkins, “Geology and Water
Resources of a Portion of Zast Central Washington,” U.S,
Geol. Survey, Water-Supply Faper 118 (1908) pp. 40-41,

J. Harlen Bretz, "The Spokane Flood beyond the Channeled
Seeblande,” Jour. Geol., Vol. KXXIII (1925) pp. 236, 242,
£4%, 249, J. P, Buwalda, by verbel comuunication testi-
fies to the folding of the basslt in the John Day reglon

of nopth-central Oregon (see also Ceol. Soe. America, Bull.,
Vol. XXXIX (1928) p. 270,

These anticlines are a very different kind of stretural
feature from that commonly observed in southern Oregon.
Rleing as long nerrow ridges of from one thousand to three
thousand feet in height and from two to twelve miles in
viﬁth,'ﬁhoy are striking contrast to ﬁhe anticlines of
southern Oregon (1f we assume that the grabens represent
the sunken keystones of sntielinal arches), These antie
clinea would be from twenty~five to fifty miles in width
‘and would probably everage around four thousand feet in




The ébsence of Marked Lateral lovement

In later peges an additional argument of importance weas
advaneéd in considering.Smiﬁh'a suggestion that the norfh-
easterly trend of the northern part of Steens liountain and
of the eastern scarp of Warner Valley is due to shearing in
both planes at forty~five degrees to the direction of com-

‘ péeasiona

" « » o If, these mountains are considered to have
 risen on shears oriented forty-five degrees to the direction
of pressure in both sections, there must have been consider-
gble'hariiontal displacement along the fault planes. Ac=~
cording to this interpretation, Sﬁeens liountain moved north-
ward in relation to the Alvord graben while the Bluejoint
Rim ma#ed‘southvard relative to the adjacent Warner graben.”

“This hofizontallmovement entalls numerous difficulties.
A ;ongkfault'splinter,'sueh_as the Wildhorse Spur, which
marks‘the-pauition where one fault dles out end andthar'ean~
tinuea‘thevéécarphant,.somawhat'offaet from the first, would
be sheared off by thid horizontal movemént; yet such features
arb‘cammon‘inAsduthefﬁ Oregon., BHorizontal movement of the
Bluejoint Rim scqrp aﬁpeara to be impossible, for the searp
shows a pronounced series éf zigzags and other irregulari-
ties which would -lock thé‘faultvpiana against lateral move-
ment. Another obvious diffieulty is found in explaining the

horizontal mm#ement for those faulte which have uniform arec-
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like curves such iu Winter Rim and th; esstern soarp of
citlnw=va11-y¢ If the strike of the plane of faillure 1!'
normel o the direction of thrust, there would be no lateral
movement. 'If, however, the strike were inelined, horle
zontal movement would oecur which would necessitate sube
sidiary compressional effects in a sallent of the thrust
block and tensionmal effects in a re~entrant. uo.indioatlon
of these effects was obuopvod in the blocks bounded by
| curving and szlgzag faults,"”

THE STRUCTURE OF STEENS MOUNTAIN

Although the absence of the upper members of thc'
local stratigraphic sequence 1ndiaata§ that Steens loune
tain hss undergone considerable ah@ot.QWQ-iﬁn. tho topo=
graphy in & lerge measure s a dlraéf expression of the
strueture, Although 1t is diversified by minor fsults,
the great ;tructntal mass as a whole dips westwerd wtﬁh a
slope of a few degrees, The most striking feature s,
therefore, the esstern searp, which 1is roughly continuous
for over fifty miles. The southern part of this searp
l1es spproximetely northesouth, but to the north it swings
eastward sbout thirty degrees, Structurelly the mountain
may be divided into three general parts, consisting of
an oxtrﬁmoly simple high central biau&, bounded on both
the north and the south by lower, more complex units,
whieh willl be referred to as Hprthern‘und Southern atatpa.




1

Horthern Steens

Borthern Steens is bounded on the esst by a contine
uous scerp over twenty-five miles in length, trending pre-
dominahtly Forth thirty degrees En:tf'(Figura 18) A% iti
southern end 1t rises clm:e.tu three thousand feet, hut.to
the north 1t decresses to less than one thousand, This
dacrauad in elevetion is secomplished lergely by trensverse

anult' trending roughly eastewest, At its northbrn end the

scarp 18 truncated by an eest-west fault depression,

 The scuthern helf of Northern Stoens 1s & reletively
homogeneous tilted bloek dipping gently away from the easte
ern scerp for a distence of about fifteen miles, The
northornvhnlt, however, is fer more complex. This region
was well deseribed by I. C. fussell (28) in his re=

(e8) I, C. Russell, "A Geologleal Reconnailssance in Southe
ern Oregon,” U. 5, Geol. Survey, Ann. Rept. 4 (1862«83) p.430,

eonnaissgnme of 1882 in the followlng passage:’ “i narrow
belt of country to the eestwsrd of the northern part of
Steln liountaine is extremely rugged and diffieult to
traverse, owing to the abruptness of the upturned odges of
the long, narrow blocks into which it has broken, The
fault lines that have determined this topography are
branches of the great fsult along the esstern base of the
main renge, end trend approximately north and south”,

This tilted fault block structure has, as ususl, been
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agcompanied by the uedimentationfof the depressed areas,
Farther to the west this portion of the wountain mnrgea
into & reglon of irregularly tilted smell fault blocks,

5 High Steens

The eeptrel portion, known as High Steens, struc-
turally is the simplest of the three units, elthough due
to erosion its topography 1s more complex, Its eastern
scarp towers ahﬁvo the dinort about fifty~five hundred
feet, (Figurs 7) reaching an elevation at least two thousand
feet greater then that of Northern or Southern Steens, _

High Steens consists of & homoclinal block (Figure 8)

about fifteen miles scross, dipping westward et about three
degrees for 2 distance of over twenty miles, until it
reaches the richly sliuviated wvalley of the Dopner und
Elltzen River. Although the block 1s truncated oﬁ the
north by definite feult scarps dropplng down to Northern
staund,htha transition 1u'a¢uompnﬁiaa'by a slight monoc¢linal
warp to the north. 7The scarp bounding High Steens (Figure 9)
on the southern side is far more pronounced, elthough 1t
gruduglir deeressas {n threw Sowaide the wesk As She elee
vatian‘af the northern block diminishes.

Southern Steens and Its Relationship to
Pueblo lountain

Southern Steens is a true horst, bounded on the
western side by another well defined fault (Figure 10)




Figure 7. Aeroplane view of High Steens from the

northeast. Mann Lake Raneh 1s in the foreground.
The searp of 3Southern Steens and part of Fueblo

Mountain may be seen on the extreme left.
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Figure 8, Aeroplane view of High Steens from the

northwest showing the gently tilted surface of the

block., The scarp in the foreground 1s formed by one
of the east-west faults that bounds the lower block
of Northern Steens. Kieger Ceanyon is visible on the

extreme lefte.
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Figure 9. Aeroplane view of the scarp bounding the

High Steens block on the south taken at a distance
of several miles west of the summit. 7The more level
bloek in the foreground is that portion of Southern

Steens known as Smith Flat.
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Ay ,4,‘!"

Figure 10, Aeroplane view showlng the curv-
ing western scarp of Steens rising over a
thousand feet above Catlow Valley. The
gscarp on the right divides Southern Steens.

The higher block is Smith Flat.
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which continues southward to the northern end of Pueblo Moun-
taln (Pilgure 11) At the northern end, this scarp has an
orientation about North 30 West, but traced southward 1t
svingg towards the west in & fairly even curve, which in-
creases more sbarply near the southern extremity until it
reaches approximately North 70 East. Where thé scarp first
appears above the alluvium at the north end of Catlow Valley!
it 1s very low, but as‘its even arc¢ to the south cuts high-
er on the gently tilted fault block 1t increases in magni-
tude to well over a thousand feet.

Southern Steens is divided by a fault trending roughly
North &0 West into a northern and southern part. The north-
ern division, whieh 1s ebout ten miles aecross, is a very
level and homngeneous block known as Smith Flat. At 1its
eastérn scarp this block dips westward at two or three

degrees, but within a few miles to the west, the slope

gradually decreases. Towards the western fault there is =
suggesﬁion‘of'a reverse dip of about one degree forming e
very shallow poorly defined sag on the north-south axis,
On the north, Smith Flat is bounded by the southern scarp
of High Steens. Owing to the slightly greater dip of the
latter, the fsult gradually inereases in throw as it is
traced eastward. (Pigure 9)

The dclnthroi of the fault dividing Southern Steens
is to the south. Several miles south of this scarp the

southern division is eut by meny subsidiary faults which




Figure 11. Aeroplane view from the north of the
curving western scarp at the northern end of the
Pueblo lountaln bloek., This scarp is the south=-
ern continuation of the one defining Southern

Steens, Lone Hountain i1s visible in the middle

distance.

R. E. Fuller and A. €. Waters, op. cit., Filgure 6,
. Pe 218,




Figure 12, Aeroplane view from the north of the tilted

blocks forming the southermost limit of Southern Steens.
Broad Valley lies in the mlddle distance to the north of
the extensive reentrant., Still farther south on the ex=
treme left the older metamorphies form the domelike east=-
ern crest of Pueblo iountain, while the southern continua-

tion of the great volcanic series 1s exposed on the right.

R. E. Fuller and 4. C. Waters, op. c¢it., Fig. 7, p. 219.
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are adaompiuieﬂ by the tiltihg &} the smaell units raising
thelr sumsits considerably higher than the even slope of
Smith's Flat., These blocks progressively descresse in ele-
vatlog to the west, At the weln castern seerp a rugged
erest 1s formed by e block capped with trechyte which dips
South &0 fest at about twelve degrees. This 1naf1nagion
elosely corresponds to that of the tllited lavas forming the
Fueblo lountaln series, which graduelly increases in dip as
it continues southwsrd to mpprozimately'twgnty degrees,

Viewed from the north, the stratigraphic sequence and
structure appear continuous, _(Figurﬁ 12) Between the souths
ern portion of Steens and the northern contingstiéu of
Pueblo Vountain there 1is, hawévar,.a down faulted area known
as Ercad Valley, rcrﬁing ﬁhe ondy break in iho ?ﬁablo-

Steens Range, which is nearly one hundred miles in length, .
This deprclsién is due to the presence of a number of minqr'f:
tilted bloeks with & §redam1nant strike ﬁr aprroximetely
liorth 65 Vest, &nﬂ a dip to the southwest of about ten fﬂ
fifteen degrees.

To the south of Southern Steens at iha eastern end of
Broad Valley, there 1s sn extensive re-entrent in the mnin'
scarp bounded on the west by a hi@h ascerpment formed by the
previcusly mentionaed tilted series of levas, which, contine
uing southward, forms the western unit of Pueble Hountain,
The northern part of the ridge 1ls undoubtedly defined on the
sest by a fault but possibly the throw decreases with the
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FPigure 13. Faulted alluvial fen on the scarp 6f
Southern Steens back of the Hollis Ranch, pre-
viously described by W. M, Davis as proof of the

recency of movement,
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(28) W, ¥, Davis, "lountain Renges of the Great Basin,"” Hus,
Comp. Z00l., Bull. (Harvard University), Vol. XLII (1903=8)
Pe 1

is but slightly eroded.

The western fsult, lylng roughiy North 20 East, is in-
dicated by the more marked escarpment which bnuﬁd: Smith Flat,
Below 1t en lrreguler shoulder forms the surface of the poorly
defined step fault block. With the convergence of these
scarps the steep single exposure continues approximately due
northward and forms the esstern wall of ¥Wildhoree Canyon,

Hl?ﬁrju't &8s it resches High Steens the southern fault
dies, UNorthwerd, its place 1s teken by snother secarp offset
sbout four miles to the east, (Figure 14} This naéthcrn
_aamrv'riuan from the plays as a thln.tiltad block, known as
¥ildhorse Spur. These two scarpes were probably once joined
~ by one that survives on the south slde of an lsolated
plateau north of the Wildhorse Spur. This plateau forms a
slightly depressed erosion remnant of Smith Flats

West of 1t, Wildhorse Canyon continues northwerd for a
total distance of about ten miles, The position of the
valley directly in line with the southern scarp must be due
to a structursl wesknese csused by a minor continuation of
the fault. Its presence paralliel to the eastern scarp
renders the southern crest of High Steens extremely serrate.

Owing to ercsion end to minor deformstion the esstern
seerp of the apur is not very well defined, but 1t trends
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Figure 14. Aeroplane view from the south of the

summit of High Steens. On the left the scarp of
Southern Steens continues up Wildhorse Canyon,
while the main northern scarp 1s offset about
four miles to the east. The isolated plateau in
the foreground is a remmant of the northeastern
corner of Smith Flat, which has been slightly de-

pressed by the Wildhorse Canyon fault,
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npﬁroaimataly forth 20 Vest, The northern continuation
of this fault bounds the southern extremity of the High
Steens blook for about a mile, after which a slight ree
entrant marks e change in the predominsnt direction of the
caﬁrp*to approximetely north-south. BSetween Plke Creek and :
Toughey Creek, which lle directly to the south of this point,

there are & number of well defined step faults (Flgure 15)

showing slickensided surfaces., These individuslly show a

maximum displacement of several hundred feet., Only the

most westerly one of these faults ¢an be traced northward

owing to the above mentioned re-entrant, Foughly parallel-

ing the southern continuation of the main feult, this one

euts higher on the searp to the nar&h_or Pike Creek. Its

throw, however, gradually decresses and it disappesrs withe

in about helf & mile, |
Similar step faults are relstively common throughout

the reglion. The blocks llberated by this faulting as &

rule vary in width from a few feet to several hundred yards.

'Tho displecement observed in the individuel faulte usually

has been only & few hundraa feet, In the lower scarps, |

wvhere erosion has been less severe, these subsidiary faults

' form marked physlogrephie bresks, which in some instances

mey be traced for several miles, (Pigures 18 & 81) In this

_fanlt zone exposed near the southern end of ligh Steens,

however, the actusl step fault blocks are either so narrow

or so eroded thset they hsve no obvious effeet on the to=



Figure 15, In Toughey Creek a view of the main scarp shows

one of the numerous step faults, which oecur in this local-

Figurg‘ls. View of the minature faults exposed in the
beddedjtuffaceous sediments on the northern side of the
lower Eirque in Yosquito Creek. The inclined normal faults
dip westward towards the main mass of the mountain, Some
of the vertical fractures show a slight displacement, which

permits the depression of minature wedges.,



pography. These step laults, eaénot be confused with lsnde
slides, for the blocks lack the charscteristic reverse
rotation, The fault planes, where exposed, show no tendency
to flatten. One in faet retains & uniform inclination for a
vertical distance of almost a thaﬁnand feot.

' This locality was the only one where the sctusl surface
of the feults forming the scerps was observed, (30) These

(%0) Re Eo Fuller end A, C. Waters, ops, olt., Figure 11, p
223, : |

fault plenes dip esstward at an ineclination varyingfrrou
sbout rifty to sixty-five degrees., They appesr to average
sbout sixty degrees., In & few instsnces inelined slickene
gided grooves indicete a slight tendency to slip. In ade
jecent piuno-, however, this lateral adjustment showed no
regularity. Uost of the polished surfaces testify to 1ts
ebsences

To the north of this point for over ten miles, the
searp continues approximstely on the northe-south line.
Horth of Alvord Creek, however, there are a number of low
salients in thb intarfluvial aress, These form irregular
benches at about & thousand feet above the desert., (Figure
7) Usually the exposures ere not sufficlent to permit the
interpretation of their reletionship to the main scarp,

In the Cottonwood Creek, however, a vertical fault le
exposed et the western margin of the bemch that indicates
that the eastern side has been elevateds, The extent of |
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Adilpllohmune was not determined but it must be several

hundred feet, In Willow Creek, the next valley to the
north, 8 similar fault shows & minor dlspleacement, These
feults are roughly parallel to the main searp, It seems
possible that they may be due to later lsostatic adjustment,
although no evidence of the time of fsulting was obtained,

In proof of the tensional origin of the structure &
few minor faults, exposed at about two miles west of the
scarp, are of considerables importsnce. Although these
are approximetely parsllel to the meajor feult, some of them
dip westward, 7The largest In the valley of Alvord Creek,
owing to the intersection of a dike, shows the western _
bloek to be downthrown about two hundred feet. (Plgure 17)
To the north, in the wvalley of losguito Creek, two of the
smeller faults converge downward indieating the depression
of a wedge shaped block, The presence of interbedded grey
" tuffe nesr the base of the series renders this deformation
apparent, This same bed of tuffs adjacent to a besaltle
vent on the northern maprgin of the lower c¢irque shows minile
sture normal faults dipping westward, (FPigure 16} The inter-
seotion of vertical faults with these normal ones have, in
this instance aleso permitted the depression of minute wedge
shaped blocks, Although dlsplacement 1s only a metter of
inehes, 1t furnishes additlomal testimony to the tensional
forces,

Although individuel exposures on High Steens are very
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HFigure 17. Looking south across the head of
lfhe cirque of Alvord Creek. The ravine in the
center of the picture follows & normal fault
dipping westward. The offset of the dike cut-
ting the basaltlc series indicates the normal

displacement.,

R. E., Fuller and 4. C. Weters, op. cit., Fig. 12
Pe 224,
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preecipitous, the scarp as a whala‘showa a slope close to
twenty degrees, On the other hand, the vertical jointing
of the beassltic series at Bluejoint Rim, in the nbrthern
.partlan!or‘Wurner Valley, has preserved loecally & slope of
- almost seventy degrees, 1if one disregards the insignificant
acaumulatian af'talua at the base, There 18 no proof, howw
ever, that this surface represents the uneroded footwall of
the fault, The extreme inclination probebly 1s due in pert,
both to the vertiesl jointing of the roek, snd to the erosion
epused by the :armér proesence of Bluejoint lLake, Fosslbly
the esapping may have been ineressed by the presence of under-
lying tuffsceous beds now unexposed,

Elsevhere In the (reat EBasin the scarps show & relae
tively uniform slope, usually of sbout thirty degrees,
although the actual feulte, se on Steens liountein, have

averaged elose to sixty degrees. (31} In southesstern

(31) W, ¥, Davie, "The Basin Range Problem,” Nat. Acad. Seil.
Proc., (1928) p. 388, J. 01lluly, "Basin Range Faulting
along the Oquirre Range, Uteh," Geol. Soc. imerice, bBull,,
Vol, XXXIX ?gnaa), PPe 1113, 4, C. Lawson, "Reeent Fault
Searps at Genoa Nevads,” Selsmologlesl Soe, Amerige, Bull.,
Vol. II (1912), pp. 193-200, 1. J. Pack, "New Discoveries
relating to the Wasateh Fault,” Americen Jour, Sel., Vol.
XI (1929) pp. 308+410, .

Oregon, hdwétor, the slope of the scarps varies greatly.
This is p#nhably due in part to the intensity of subseguent
erosion at diffurani elevations, but chieflfly to the differ-
entiel resistence of the very varled voleanle rocks, whiech

are exposed,
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Although the scarps in the southern portion of the

Orenat Basin have a predominent northe-south trend, many of
them show merked locel irreguleprities. Some #haw'broad
eurves, which even define eireular fault basine, (Figure 18)
- while others show sharp chenges that produce a marked zigzag
eourse. These changes lun direction loeally are accompanie
ed by subsidisry foults. In spite of these minor faults,
the scarps as a rule are gontinuous. A good example of this
type may be obaarvad &t the northern end of High Steens
(Figure 19) where the scarp curves sharply eastward to about
Korth 30 Hast, This curve is attalned by the formation of
‘branchlng faults, The main fault may be observed to sontinue
- northward with diminishing dlsplacement, vhile the esstern
_breneh develops the waln searp, until another branch trende
ing slightly farther to the east takes 1ts place, These
feults aleo perrit the downthrow of the northern block,
The mejor dlsplacement, however, appesrs to have teken plsce
in a‘fénlt that brenches to the west frow the mein scerp st
th& southern ¢end of the curve, Thls normel feult with a
‘dlsplecement of many hundred feet lles about North 25 West,
To the north of thls curve the eestern scerp of Horthern
Steens continues for neaprly thirty niles, gradually diminishe
ing in elevatlon from approximetely three thousand feet to o
few hundred. 7The =ost marked irregularity abaura about £ifw
teen miles to the north of High Steens at &tena‘ﬂou#a Creek.

Here the sosrp 1s offscet over & gquarter of & mile to the




Figure 18, Aeroplane view of the clirecular fault basin

known as Upper Alvord, The playe is about two nmlles

in dlameter.,. The eastern scarp of lorthern Steens is

in the dietance, Near the center this shows the offe-

set with the formation of the step fault (Figure £

To the esst the minor bloecks parallel to the

are clearly defined,

win

D}

)

fault
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Figure 19, Aeroplane view of the northern end of

High Steens from the east. The curvature in the
scarp,'attained by the branching faults, occurs
at the junction with the lower block known as

Northern Steens.




cast, The &aatﬁrn’acarp emerges }rom the valley alluvium

as & tllted block plunging southward at sbout seven dew-
grees. (Figure 20} Treced northwsrd it flattens within the
distence of a mile to form s well defined step feult bloek

- (Figure 18) several hundred ysrds 1n width with a surfece
about three hundred feet below the local erest of the mounw
tain, Thia thin subeldiery block ebntinuun for seversl wiles
until at ap eaat-wéut scarp the upper bloek ls depressed to
an'equml elevation. .Movthwnrd the surface of thie step feault
bldck widens from less than a quartor of & mile to probably
close to 2 mwlls, due to the faet thet the orientetion of the
high scarp is approximetely North 20 Hset, while that of the
eastern soayp is about Horth MO Enst;

This step fault bloeck dips waestward at about tbrma
degrees, which corresponds to the inclinstion of the main
mountain @ant. 4t the southern end of this block there 1s
a longitudinal depression on 1te surfece adjacent to the
northern continuation of the wein scarpe. This depression
is less than one hundred feet in depth, and 1s bounded on the
enst h& & sherp escappment whioch slightly suggests snother
fault, It i® more probable, however, that the basin is due to
erosion originating in & menner aimilurrtm Wildhorse Canyon,
The depression has been bloeked to the south by & lendslide
so that 1t now forms & smell Inka-batin fllled with sedi-
ments. (Figure 21)

To the north the eastern scarp of Horthern Steens
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Figure 20, View of the scarp of Horthern Steens aboud

ten miles north of the Mann Leke Ranch. The southern~¢nd*
of the inclined step fault block is clearly defined. | ¥his
block becomes horizontal after attalining an elevationf%f

about 8 thousand fect.

Pigure 21, Looking southwerd on the top of the above menption-

ed step fault block. The formation of the playa lake}is.attr1¥

buted to the damrning of an erosional valley by a landﬁlidé_
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retains = remarkably stra&ght oﬁ&entation, at about North
30 Bast, and an approximately even elevation of the crest,.
At 1hterva1t, however, it 1is oﬁt by'brnnching faults }
trending northward, The pronounced modificetlion of Northern
Steens by these faults has previously been mentioned,

On the scarp of Northern Steens the effect of drig is
still loeally vieible, This effeet 1s apparent from the
rapid chsnge in the inclinetion of the beds on approaching
the scarp. From & slight dip away from the fault plane they
gurve until almost parallel to the praseut‘elope, As a prule
this indilcation of drag survives only on the lower scarps |
whare\aréaian'hnu been less severe, It 1s also clearly de-
fined on the western margin of Southern Steens and east of
Alvord Desert. At the base of the scarp of High Stoona‘
there sre some isolated exposures showing highly inclined
atrnotufa which 1s slso attributed to drag,

East of High Steens an expanse of sbout ten miles lies
between the two secarps of the grnben.ln whieh Alvord Desert
lies, Opposite to the southern end of Northern Steens a
number of isolated fsult bloeks rise above the playa flate.
(Figure 2) The dip of these blocks 1s very veried, To the
east of theﬁ, lies the clreular fault basin referred to as
Upper Alvord. To the north, however, the structure is
dominately persllel to that of Northern Steens, and two
bloeks dipping to the northwest define ellongate alluviated
valleys, (Filgure 18) These blocks are also cut by transe




verse feults,

Lprosion

\ s

Ztructural Control

At the ooﬁthern end of Elgh Steens the previcuesly
mentioned “1ldhorse Canyon renders the crest very rugged,
In & siniler meanner, towards the northern end of the moune
tain Lleger Canyon,parallels the scsrp for seversl miles
until 1t graduelly swings weetward ss & tributsry to Uonner
und Blltzen Fiver, The eirque st the hesd of these two
velleys, wuich are on the same northe-south line, are within
epproximately eix mliles of eech other, This drainage ust
be controllied by & minor structural displecement parallel to
the scarp elthough the setual fsult plene was not observed

by the writor,

Glaclation

I« C, Bussell (32) and Yaring (33} considered that the

(22) 1. C. Russell, “"Hanging Valleye,” Oeol. Soe. ‘merioa,
Bulle, Vole AVI (1805}, Dpe 2887,

(33) Gerald 4. Yaring, "Geology mnd “ater Hesources of the
Harney desln Reglon, U. 5. Osol. Survey, “ater-Supply Paper
£31 (1909]), p. 284 .

broed Ueshaped valley of Klager Canyon (¥igure 27) was due

to stream actlion subseguently modified by glacisl eroslon,
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Figure 22. Looking northward down the U

n

shaped glacial valley of Kieger Canyon
from the top of its cirque directly west

of the head of losquito Creek.
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Smith (24) later observed the wéllwmarked evidence of glacl-

(34) Op« citqp Pe 424

ation in Wildhorse (anyon. In addition, however, the

presence of broad shallow clrques, roches moutonnee, glacial

lakes snd moralnes on the top of the mountain indicate that
it suffered considersble erosion from an extensive snow fleld,
reaching five or six wmiles from the crest,

411 the larger valleys on the eastern searp of lligh
Steens also show marked indications of glacial erosion in
thelr upper parts. Usually the main stresm at sbout two
miles from the foot of the scsrp ends in a broad cirque some
twenty~five hundred feet above the ée#ert. (Figure 99) Here
as a rule two or three smell tributaries descend préoipiw
tously from well-defined glacial valleys as a rule about
fifteen hundred feet above, These shallower valleys, ex-
tending & mile or more farther to the west, end in small
cirques in which favorably situsted snow banks usually surw
vive the summer's heat, |

It 1s probable that this glaciation was éuperimposed on

a previously well developed drginage system, HRussell (35)

{35) I. C. Russell, "Henging Velleys," Geol, hac. &muriea,
Bull., Voles XVI (1908}, p. 94,

commented on the absence of marked morainel meterial in
Kieger Canyon. In like manner there 1s little suggestion

of glacial debris in the valleys of the eastern scarp, but
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it is possible that it may have been removed by subsequent
rigorous eroslon. As they approach'tha scarp the valleys

lose thelr glacial charscteristies,

Differential Lrosion

There are meny irregularities in the erosion of the
eastern scarp, Some of these are éontrolled by minor
faults. & few of the features low on the scarp have been
modified by landslldes. The major factor, however, is the
differential erosion of the vériouu voleanie rocks, The
distribution of the volesnice, their many intrusive ?hases,
and thelr variations both in jointing end in resistance to
erosion are all factors which have contributed @o the rugged
topOgraﬁhy of the eastern scarp,.

The approximate ¢oncordance of elevation of some of the
shoulders (Figure 7) on the searp suggest a perlodic uplift,
pernitting e great erosional bresk. A~Although they are
locally demerked by feults, these shoulders all spreer to be

the direet physiographie expression of s change in roeck type.

Landslidgu
Landslides have occurred at several locslitles on the
lower part of the eastern scarp, They eppesr invariably
to have been assoclated with incompetent tuffaceocus beds,
The charescteristic reverse rotation esuses the development
of & hunoeky topogrephy, which loecally has permitied the

formation of small ponds, The slides are best defined on
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the shoulder north of Alvord Uréek, to the aouth.in the
broad valley formed by ite southern fork, and on the north=
ern side of the velleys of both Flke and Little Alvord Creeks,

. lismes of the Creeks

Mgny of the names (See sketeh map Figure 223) used for
different éroaka on the esmstern secarp are well established
by loesl usage, but, in some cases, the nsme is more in-
derinite and varles with different inhabitante, lost of
the large creeks have a &maller ad jacent velley to which
the diminutive 18 spplled. Owing to the faet that two
small parallel vslleys between Dry Cfeek end Mann Creek are
apparently umnemed, the author, rollowing th1e precedent,
nes called them Little Dry snd Little Yenn, The velley
designeted es Toughey Creek 1s also locally known as
Little Iﬁdian.

THE VOLCANIC SERIES

General Features
The most extensive utratigraphic sequence in south
ecentrael Oregon is exposed on the greast eastern scarp of High
Steens, Here occur continuous exposures over five thousand
feet in thilckness, (Pigure 24) while across /ilvord Desert, on
the lower opposing wall of the graben, (Pigure 101) higher
members of the serles survive, makingva total section of at .

lesst slx thousand feet. The volcenic activity responsible
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Flgure 24, Aeroplane view of ligh Steens west of Alvord

Ranch, which is in the foreground on the left. The

valley on the right is formed by Alvord- Creek. The

light colored exposures at the base of the mountaln are

formed by the Alvord Creek beds. These beds on  the

northern side of the valley may be seen to dip southward.

s By

The daerk outcrops at the top of the south fork locality

are caused by basaltic and andeslitic intrusions.

@
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for this lava was chiefly paralfel tovtha potential line of
weakness leter followed by the great fault; liost members of
this sequence are, therefore, formed by the thick sccumla-
tion of the near vent phese. |

Soﬁe of the lava et the time of extrusion was highly
visecous., Its distribution conaequantly is extremely locsl,
On the other hand, fluid flows may be widely distributed
end 1f of e charadtériatic varlety, may be of greet strati-
graphie value., The sediments of the reglon, unfortunately,
show such & marked lithologie similarity that thelr corre=~
l1stion must be besed largely on & rather meager fbaail COnN-
tent.

| In pieeing together the reglonal geology of the area,
it 1s necesssry to correlate the series exposed in 1soleted
scarps, which are usually twenty to thirty miles apart,
Only the ubliguitous presence of a thick series of basaltie
lavas, which were extruded in great fluidity, make this
uorielation possible, Otherwise the rapld changes In the
stratigrarhic sequence even in the same scarp clearly indi-
cate the 1lmpossibliity of basing regionai correlation on the
distribution of viscous leve or on minor aﬁratiﬁraphin vapxé

ations in the volecenlc seguence,

The Sequence of Lvents .
The lowest member of the series 1s formed by strati-
fied tuffs of the ¥iddle “loeene whlch sre st least sight or

nine hundred feet in thickness and possibly close to twice
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that figure. These beds are celled the Alvord Creek Beds
from the ldoation of thelr major exposures. Unfortunately,
owing to the dlfficulty in correlating 1sclated exposures
the eomplete structure was not conclﬁsively 1nt;rpretad, it
suffices here to say that these beds at lesst locally biar
& nonconformable relationship to the later lavas, The
principel structurazl irregularity is due to the intrusion
of acldie lava, probably in the form of & laccolith. At the
top of the exposure of the overlying sediments, transverse
to tﬁe spparent axis of the uparched strueture, an elongate
sclidic vent 1s exposed, cutting parellel to the scarp. The
ebsence of deformetion Indicates its intrusion to be sub-
sequent to that of the lsccolith. ﬁxtruaive material from
this vent, however, 1s not exposed and cennot have been very
great. _

Before the initietion of obvlious erosion, the dip slope

~of this anticlinal structure formed on the south the re-

taining wall for e messive flow of rhyolite about four
hundred feet thick, In Little Alvord Creek the vent for

this flow 1s akpoaed, cutting the inclined beds of the
laccolith, Unfortun#tely poor exposures render 1t difficult
to trace this rhyolite flow to the south so as to permit an
acourate correlation with a very complex series of acldie
lavas exposed in the adjacent valley. This valley, which ls
kmown as Pike Creek, showe an alternation of stratified tuffs
and acldic flows, At the base are exposed about two hundred
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fect of tuffs overlsld by en squal thickness of plsty
rhyolite, which loeally exhiblts vent characteristice, Omn
this flow was deposited wore tuflaccous meterisl to e
depth of aluost thres hundred feel. . well defined vent |
erogseuts ltheeo beda and welle Into snother thiek flow of
platy rhyolite, which is at the suxe stratigrephiec level as
the riyolite to the north in Little Alvord Cresk, fThe two
flows, however, apreser to be distinet, This leve wes followe
-@d by another bed of stratified tuffs ebout forty feet in
thlcknoss,. _

Above this is & thiek daelitle flow, the vent of whieh
appears to be disclosed in Little Alvord Creek ut sbout e
wile from the sesrp. 7This flow is capped by & arester

maes of decite whieh shows distinet vent charscteristics

in Toughey Greei, where its exposurcs have s thickness of
over five hundred feet in spite of the erosion of its |
surfaee festures, Northward thls upper dasite thins gradue
vally to alwoet half that depth, #nd at 1ts northern exe
tremity appears to sbut egeinet the proviously mentlioned
elongate vent exposed above the leccolithle structure,

In eddition, still farther to the north, other nasses
of aoldie lava outerop low on the scarp in Cottonwood and
Willow (reeks. The former unfortunately shows only & fault
contaet with the later series, &lthbugh due to thelir leclae
tion, it 1e impossible to determine the relationship of
these lavas to the aeldic eerles exposed to the south,
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they at least have a similap stiitigraphic position, in as
muan‘éa they were followed by the eruption of andesite,

This andesite welled from & series of vents paralleling
the sqarp into a huge viscous flow rith 2 maximum thickness
of at leéit nine hundred feet and of approximastely fifteen
hundred feet from the iInterpretation of the writer. This
gigantic flow in the process of solidification developed,
in the opinion of the writer, its own setellitic cones and
minor flows, The southern end of the main andesitic vent
cuts the acldic series on the northern side of Little Alvord
Creek, Parther to the south above the thick accumulation of
earlier seldic lavas the andesite decresses rapldly in thick-
ness, To the north, however, its axpoahroe are continuous
for about ten miles until trunceted by e transverse fault at
the northorn margin of High Steens, -

Before any marked erosion had taken place these vole
canles were covered to 2 depth of at least three thousand
feet by a serles or'baaaltia flows, These flows have marke
ed physieal and petrographic characteristiecs which are
largely dependent on thelir extreme rlﬁidity 2t the time of
the extruslion., The 1dentical series can be traced southward
. to Pueblo Yountalin and westward to Waingr Val;ey and Abert
Rim.

Re J. Russell (36) refers to the capping basslt in the

(35’ R'AJO Ru’_'all" 0D citt’ PPe *153 {2'7, 439’
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Warner %ouatain rogion of Californie as the Yarner HBesalt
and correlates 1t both with the capping basalt exposed to
the north near ?iuuh, and also with the great thickness of
lava %n both Bluejoint and Abert ﬁtmiﬁ He did not vnnlinc,.
however, that in the Warner Lake region the ocapping basalt,
which 1s several hundred feet in thickness, rests discone
formebly on stratifled taffi capping the far grester series
formed by a continustion of the Steens Yountein flows, In
consequence the writer will follow Russell's nomenclature in
reforring to the capping flows a8 the Warner Besslt, while
using the neme Steens Fountain Pasalt for the lower series
which forms the great thiclkness both in Varner Valley end at
fbert Rim,

On the lower scarps In the reglon, which have bewen sube
jeeted to less vigorous erosion, quite & complex later
chapter of the voleanle history is still apparent, The
series exposed 1s extremely varisble in sequence, In
general 1t consiste of miscellaneous alternetion of acldie,
intermediste or bssiec flows with 1light colored tuffs which
may or may not show stratificetion, The uppermost member
both to the east of Alvord Devert send at the northern end of
Varner Valley is slightly noneconformeble. In the case of the
former, however, the series is capped by basslt, while in
Werner Vslley an acidlc flow loecslly closes the voleenie
history, Otherwilse the upper sequonce appesrs approximates
1y conformable with the irregularities due merely to the
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viscosity of the lava, This varled serles has a maxloum
thicknese of sbout five hundred feet. |

ALVORD CREEK PEDS

General Gharaotoriltzﬁl

Light colored tuffaceous sediments outerop loeally at
& number of places (Filgure 24) in the lower thousand feet of
Steens Wountein between Cottonwood snd Toughey Creeks. In
this distance, 6: over five mlles, there are only = few good
exposures end these for the most part are widely separated,
Although 1t 1s impossible to correlate these gsadiments they
are tentatively considered to belong to the'uhme formetion,
Inveriably the extellent preservation of the bedding in these
incompetent rocks testifies to the absence of compressional
forees, (Pigure 27)

In general the sediments conslst of stratified scldic
tuffs, which are predomlnant;y white in aolar._ Owing to the
subsequent voleanic activity, these sediments have suffered
considerable nltarution.=vnich has affected both thelr color
and consolldetion, OCreenish and brownish phases are pe-
1nti§ely aommﬁn. The green éaloration, however, 1s definlte-
ly exotle snd possibly elso to & less extent the brown. In
eonuoquénoe in the field the color does not rerull sotlis-
factory eriterion for correlation. In two localitles & com=
tent of fossil leaves indieste a similar age, but not ne~

cessarily the same horiszon. GSome exposures show small cone
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glomeretic facles composed largdly of subangular pebbles
of meidic lavas, while others show local horigons of a very
fine ahnlo.' These phases are too locsl in thelr distrie
bution to permit the correlation of isolated exposures even
ir th; same stratigraphic horizon were exposed, Aside from
the loeal indication of water clsssificstion, the coarseness
of the material probably depended chlefly on the proximity of
the locality to a vélaanic vent., In consequencs the size of
fregments verles rapldly in distribution, It is possible
that & correlstion might be attained by detelled petro-
graphie methods, o

lorth of Alvord Creek

The greatest exposurs (Figure 25) oecurs on the main
scarp & few hundred yards north of the valley of Alvord
Creck. Here well stratified beds dip southward et about
seven degrees., The lowest beds are of brownish tuffs that
are exposed continuously for & horizontal distence of about
five hundred feect.

The eentral part of these beds are relstively coarse
and contain pumlceous fragments of derk glass, which are
usually not over one and a half centimeters in diameter,
Stratificstion is locally apparent, but as & rule 1t 1s rather
indistinct, 4An impregnation with celeite and zeolltie
material is comwon, The lower part of the exposure shows a
numbar‘of dlsplecements, Although thc lithologle homoge=
neity iendarn it diffleult to be sure of the extent of move-
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Figure 25, The main exposures of the Alvord
Creek beds north of Alvord Creek. A flow of
basic andesite about a hundred feet in thick-
ness is interbedded in the upper part of the
series, The fossil beds are a little ovér a

hundred feet below its base.
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ments and apparently their inta#%aﬁdad andesitie flow dip
southwapd at about seven degrees. In this case, the re=
lationship of the andesite was unfortunately not accurately
dotém@ined, but it sppeared to lack ﬁhia deforuation,.

douth Fork of Alvord Creek

About & half & mile further to the south, however, on
the northern side of the south fork of Alvord Creek (Figure
26) there are good exposures of stratified tuffs, which at
least superficlally resesble the section studled to the
north, These tuffs are cut by small elliptieal andesitic
necks of dark glassy andesite, and by basaltic dikes, one
of which 1s seventy-five feet in width. The induration from
this dike has resulted in the formation of a ellff at the
top of the exposure.

The beds, which are roughly horizontsl, show & thicke
nese of about four hundred snd fifty feet without exposing
either the top or the base of the section., iAgaln the lowere
most exposures sre of a brownish ecolor, (Figure 27) but here
the beds ere only about fifty feet 1n thiekness, Higher in
the ssetion the beds are very light colored. In thie zone,
about thirty feet below the base of the previously wentioned
eliff, a partially opalized horizon of shele was found to be
rien in fossil leaves, The uppermost phase of the section 1is
rather agglomeratic, The top i1s close to two hundred feet
below the massive andesite, which 1s stretigraphicelly above
the two previously mentioned andesitiec flows to the north




Flgure 26, Looking northward at the Alvord Creck
beds north of the south fork of Alvord Creek.

The ¢liff on the risht 1s formed of tuffaceous
sediments indurated by a seventy-five foot basalt-
iec dike, which 1s visible in the center of the
view, The fossil locality is about fifty feet
below the base of this c¢liff near 1ts southern

end,
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of Alvord Creek,

Korth of Little Alvord Creek

It is also impossible to deteruine the stratigrephic
relatfonahip of the tuffs already described to those bLeds
exposed on the main scarp southward to thtla‘ﬂliorﬂ Creok,
Although the exposures are scattered over = distence of
nearly & mile, they appear to be definitely in the form of
an arch, at the center of which 1s an intrusive mass of
rhyolite, puteropping at the base of the scarp for about a
quarter of & mile, |

The structure presumsbly is e laccolith, although the
vase is not exposed. Judging from the inclinetion of the
| overlying beds, the exposure is formed by the eastern mapgin
of tha*intrunien, The beds on the northern limb have a
strike of Horth 30 West and dip st about eleven degrees to
thc.nbrthiunt, while farther to the south at the maprgin of
the Little Alvord Creek Vellsy the beds have a strike of
Korth 80 East end dip south at about fifteen dog:iea.
Parther westward in the valley the strlké swings wmore to the
east,

The possible height of this dome is hidden by seidie .
vents that cut ihe arch parallel to the scarp st asbout e
thousand feet nbava‘tha desert, To the south, the ex-
posures are only scattered so that the thickness of the beds
forming the southern limb can not be accurately determined,
but presuming & uniform inc¢lination there is & thickness of
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well over one thousand feet. The dip slope of this 1limb,
es has been previously mentiqned, forms in Little Alvord
Creek, the ratn1n1ng wall for & thick flow of rhyolite.
Judging from the horizontal axpoaurorfOrmad by the chilled
basal phase of this flow it was extruded to the south on a
relatively level surfece. The absence of lower outcrops
make 1t lmpossible to determine if this surfece was formed
by & continuetion of the tuffacecus series ss 1t flattens
out sway from the margin of the laccolith,

In the velley of Fike Creek, however, noafly two wlles
to the south, there are exposed beneath the stratigraphie
econtinuation of this flow over four hundred feet df stratie
fied tuffs end sgglomerates with a lower two hundred-foot
flow of rhyolite interbedded in them, The base of these
beds 1s not exposed, They may well cofrelate with the upper
members of the Alvord Creek formation, but unfortunstely the
- pelationship again 1s only hypothetlieal.

Alteration of the Tuffs

0&1 i 3&210’-‘1'
' One of the most striking features of the Alvord Creek

Beds l8 the locsl opalization encountered in the upper part
of the two maln exposures immedlately %o the north and south
of Alvord Creek, This opalizetion is chiefly confined to
thin bedded sheles which, in both localities form horizons

rich in fossll leaves, The silification 18 so extreme
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that the beds are converted mm“ messive glassy opal of &
very dark grey. (Figure 28) ¥%ith slight weasthering the fine
bedding becomes apperent as ﬁur&llal 1ight grey stresks which
slightly suggest flow strueture In a glassy lava, With
greater weathering the roek loses 1lts glassy lustre together
- with ite concholdal frecture, and disintegrates finally intoe.
a highly leminated paper shale, '

This sllifieation 1s so concentrated aﬁ sertain horie
gons, usually only three to six inches thiek, that at first
it appesred possible that it wes formed by the deposition
of colloida) sillieas, The occurrence, in the tuffe, however,
of rounded and plpe-like opalized oconeretions, (Figure 29)
which preserved the stretificstion perfectly in spite of thelr
e¢lean cut outline, proved the silifiestiorn to be secondary in
origin.

The opalizetion was also observed as & massive pors
celanous type., Thils is extremely white on the exposed
surfages, but 18 e brownleh grey on frecturing. This type
oaeérs in the main exposure north of Alvord Creek at nbﬁut
one hundred feet below the interbedded [low of andesite,

Ite relationship is extremely irregular (Pilgure 30) although
it roughly follows the bedding. The most muiaiva'uxpnnura
thickens from about four feet to ﬁenrly ten in the course of
forty feet. In 1ts centrsl pert, it encloses a lense of tuff
that is apparently unaltered, On the north this lense ls.
sharply trunecsted by tho opael. The minor distortion of the
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Figure 27. The brownish sheles forming the lowermost
exposures north of the south fork of Alvord Creek.
The perfect preservation of the stratification testi-

fies to the absence of compressional forces,

Opalized Shale in the beds north of Alvord
Creek. The dark glassy variety forms the ledge beneath
the hammer heads The paper shales are both above and

below,




Figure 29. The bedding of the tuffaceous sediments is
clearly defined in an opalized coneretion in the beds
north of Alvord Creek, The irregulerly rounded outline

of the concretion is partisally vislible,

J

Figure EO.‘ Irregular lenticular masses of opal inter-
bedded in the tuffaceous sediments north of Alvord Creek,

The opal. exhibits a white porcellaneous surface,
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bedding in the opal in thia empSSuro suggests that it actu~
ally underwent movement while saturated with soft gelatinous
silice, Thls phenomenon 1s also suggested by another expo=
sure about aevantynrive feet below, Here an opazited bed a
few inches thiek sctuslly shows an overturned fold, elthough
the adjacent strate both above and below appear undisturbed,

On the north side of Cottonwood Creek &t the top of the
stratified tuffe betweon the two lowermost andesitlie flows,
there occurs some black opalized msterial thet hes been
prospected extensively for coal. This opal 1a§ka the glassy
lustre that 1s found in the fossil-bearing shale, The major
~exposure 1s on & lendslide bloek about fifty feet below the

qon tact.

Green Coloration.

Another form of alteration characteristic of all white
tuffs near the contect of acidie intrusions is thelr pale
green coloration, This coloration, like the sillieca, is also
ehiefly gonfined to certain horizons snd, in general, occurs
as thin streaks following the bedding. Thet 1t is not due
to primery deposition 1s proved by the faet that the pigmen=-
tation may be observed locally to cut sharply scross the
bedding. The most intense shade of green observed in the
- reglon is adjascent to the aeldle Intrusions on the secarp %o |
the north of Little Alvord Creek. lere the color is messive,
rather than ﬁarnllal to the stratiflcation, Hb effect from

this alteration 1s apparent in thin seetion,




Logalization of Alteration.

‘In general, outside the actuél gone of contact, the
alteration 1s confined to horis&nl that show marked primery
strntfficatibn. In Plke Creek the thlnvhorizpnc of coarse
egzlomeratic material with thelr engular to subangular freg-
ments of acldle lava are highly a;liclrlad and very dlstinct-
ly green, probebly due to the eassy access of magmatie g:-oa'
from the adjecent vente owing to the former porosity of the
beds. ‘In the ecase of the shales, thelr fine horizontal bed-
ding would have formed & more impervious horizon to concen-
trate the setion of ascending or descending solutions, The
loeslization of siliciflcetion in the rounded coneretions or
in the pipe~-like messes is unexplained.

Enoaltio Induration.

The third charscteristic form of slteration of the tuffs
is csused by the optalie metamorphism of basaltie dikes.
This induration is so intense that the sediments sadjesent to
large dikes are bsked to e dark grey demse rock with a con-
choldal fracture. This rock 1s so resistant that 1t forms
prominent outerops while the igneous rock may be gompletely
doaomboaed. (Figure 31) Away from the enntncﬁ, the tufra,
gredually begome less aphanitle and then usually develop a
reddish shade thet grades into the normal white or buff
colored tuff, 4t & meximum the entire transition takes
plage in ahoutvtwohty feet, This relationship ¢learly indi-

cates that the red coloration, which 1s quite commonly de=
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Figuré 31, The indurated mergin of one of the
smaller basaltic dikes cutting the beds north

of the south fork of Alvord Creek. The dike

has been removed by erosion. The indurated rock

has suffered minor normal faulting.




i

]
it S

R




BY

-

(37) J. G, ﬁorrlnm, "i Contribution to the Geology of The
Jobn Day Velley,” Univ. Calif., Publ, Dept. Geol., Vol. IX
¥o. 9, (1901). R. %, Chaney, "ma lascall ?lora; ite Dise
trivution and Climetic Relation,” Carnegie Inst. Yashington,
Publ. No. 548, (1988). : |

in the John Day Valley above the Columble River Basalt, 3

In submitting the following list of the fosslls (Table 1) \

he stated, (358) "There sre & number of specimens repre= |

- {(38) R. W, Chaney, Personal communication,

sented by incomplete material or at present unknown to me
which will increase the list somewhat, Put It scems un-
l1ikely that the resemblance to the ilascall will be greatly
affested by such additions, 1In & list of this length the
percentege figures have no great luportance, but I have put
-'thom ror vhat they are worth, Hosa hilliae 18 s typiecal
Florissant specles, and is ecomronly eanaidarod to be a Nlow
¢ene species, although I have found 1t to be in the Upper
Oligocene as well,"

fast of the southern end of Alvord Desert, tuffececus
beds are exposed underlying the Inclined basaltlc seriles,
FPOm.fOQIll leaves these beds, which are known as the Trout
Creek Formation (39) were scnsidered to be of the Eoecene (40)

(39) W, D i‘imith, OLw Ui@q. Pe 208,

{40) Gerald iA. Varing, "Geology and %Water Resources of the
0{ Bagin Reglon," U.S5, Geol. Survey, Water-Supply Paper
231 909). Pe 20,
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Figure 32, The lower thousand feet of the main
scarp at about a mile north of Little Alvord
Creek. The light colored exposures in the lower
half of the view are formed by the rhyolite
laccolith and by the tuffaceous beds with which
it 18 in contact. The darker outcrops above them
are formed by the uparched basaltic sill., The
northern end of the rhyolite vent is visible at

the tope.
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- about twenty percent of the rock;‘attains s maximum diemeter
of about four miilimaters, although the grains average less
than helf that size. liany of the individuals show a good
erystal outline, whieh is locally modified bylnumeroua
‘sinuoua embayments, The feldspar phenocrysts that constitute
probably an egual percentage, are as en average decidedly
lnrgér.. They were invariably found to be highly altered, but
judging from thelr remnants they appear to consist wholly of
orthoclase, The rock also contains a number of angulai‘in-
clusions af a kaolinized iron stalned material thai idﬁinw
detefminnble,‘but probably represents fragments of th%iln-
truded tuffs. ' |

To the north is exposed the actual intrusive conﬁ@i

of this rhyolite with finartuffs, which are highly bréeclat-
ed and altered to a dense greenlsh rock, At about tv&‘ \
hundred feet above the basal exposures, the local surface
of the intrusion may be observed in contact with the jwhite
tuffs. This contact curves upwards into the hill, tfgir}
forming a small aégment of a dome. The actual aontu#§ is
very sharp, but the adjacent lave contains amall'fragMQntn
of the indurated tuffs. lost of these fragments are@aﬂgu—'f
lar eand do not suggest resorption. The massive tuffs myur
the intrusion are highly shattered and loeally injected \by
smkll‘apophyaea a few inches wide and extending for me#n%y
a few feet. 1

About fifty feet higher on the slope the rhyolite qa dgein
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cen be traced horizontally to th; north for possibly a
hundred yards bo:ore 1t is covered by a landslide. To

the south, however, the rhyolite grades into s perlitiec
phese phich has intruded the tuffs and loeally has upturned
the uppermost beds,

About fifty feet nbovo this intrusive contact more por-
lite 1s exposed, apparently as the northern mergin of & well
~defined vent that forms an elongate exposure contimuing south -
ward for over a quarter of & mile., (Figure 32) A% 1ts north~

ern end this voleanic neck 1s marked by a series of exe
posures trending epproximately Least and Test, Traged ddvnn
waprds they ewing southward as 1f defining & eurving mergin,.
To the south af the barlitla margin and immediately .
parallel to it there is a wallelike exposure sbout fifty feet
.vido. which weathers out as a series of thin partitione
about one to four inches in width. These pertitions are
covered with rounded exerescences, which are the surface ex«
pression of & solid wmosale of econflieting spherulites,
ususlly renging from one to ten sentimeters in dlemeter. is
& whole, the surfeace uaunlly attains an irregular reniform
structure. Some of the rounded nodes exhibit a cratere-
like depression in the center, due app&r@ntly to the colliapse
of & hollow spherulite, The esslly eroded material between
these thin partitions ususlly is of a soft whitish substance,
which, where less altered,is found to be formed by the de-
 eomposition of perlitic glass.
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The locallization of the spherulites is thought to be
due to the concentration of volatlles along lines of flow=-
age in the glasay lava., This concentration may be due to
the liperation of volatliles into the minute tenslonal cracks,
which are developed by the fristion between succeasive

layers of a viscous lave,. (43} The expulslon of volatiles

(43} R« E. Puller, "The lode of Origin of the Colar of
Certain Varicoloreé Obeldisns,” Jour. Geol., Vol. XXXV
(1927) pp. §71-73. '

on the crystallization of the spheruliies mey sccount for
the rather charactoristic alteration of the surrounding
gless, The writer hes found spherulitiec partitioﬁn to be
extresely chuarscteristiec of secidle vnntn. snd to occur | ]

LY
principally as a merginal phase, Ususlly these bands mark

~the contaet between the felsite and the glassy phase. In

thie instance, however, there 1s masaive perlite on both
sldes,

To the south of this warginal phese there are continu~
ous exposures of a lava that is very similar to the grey
rhyolite except for a brick red color and hignly inelined
flow strusture, This phase ends abruptly at a distance of
over & quarter of a mile to the south in a steep cliff
about three hundred feet high. (Filgure 33) hpprnxigﬂtalyg
& hundred yards farther, across a soll aovar#d slope, there
s snother precipltous exposure at slightly higher slevetion,
This 1s formed by the aautharnmo;t limit of the great flow
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Figure 33. The lower thousand feet of the
main scarp about & half mile north of Little
Alvord Creek. The rhyolite vent forms the
\‘large horizontal exposure in the center of.
the picture. To the left of 1t is the upper
flow of biotite~dacite. The principal out-
crops directly beneath the northern part of

the vent are attributed to landslides,.
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of biotite~dacite that caps the series to the south, Aile
'though the aurtioa of this flow 18 comperstively level,
the base, Qhﬁwlng a falrly fresh pérlitic phase, inoreases
rapidly in elevation as 1f 1t were abutting on the marginal
nacumm&ation of an eerlier vent, In conseguence, it 1s con-
sidered by the writer to be of later origin,

| The elongete expoauré to the north appears to consist
of the elliptiesl neck of a vent with no obvious extrusive
material, The western margin 1s not'expoiqd, but the out-
crops and flowage sugpest & trend slightly west of north,
The lava shows pronounced neer-surfece charagteristies, and,
theroroma,.cannot have suf'fered extensive erosion, although
ite glassy features have been romoved, At the time of
activity it probably wes surrounded by tuffs,

On the shoulder of the scarp below the steep cliff
formed by the southern end of this vent there are scattered
exposures of a similer lava with strong vent characteristics
of the ssme near~surface type, Immediately above thils ex-
posure, there is & re-entrant in the upper escarpment. The
position of the lower outerops is, therefore, attributed to
landslide, although the primery irregularity in the steeply
ineclined lines of flowage renders it diffiocult to be sure of
the reverse rotetion of the block. : _

Thie voleanic vent and its setellitic intrusion to the
north show no indiestion of deformation and, are considered

to be of later 6rlgin than the laceolith, There is, however,
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no patrograyhia evidence of & genetic relationship between
the two bodies, |

On the other hand, both the rock forming the rhyolite
’iant snd the upper flow of blotite-dacite, with whieh 1t is
almost in contact on the south, appesr to be quite similer
petrographically, although they ;re both very variable in
their pheses, Chemical enalyses, however, show at lesst the
satellitic Intrusion te the north to be guite distinet from
the biotite~decite, The rhyolite is higher both in silieca
and potash and decldedly lower in its content of soda, lime,
iron, and magnesia, (Teble 1I)

Petrographically they esch contain oligoclase and
orthoclase, In both, the feldspsr shows & glomeroporphyri-
tic tendensy and usuaslly exhiblts weny glessy inelusions.

In the rhyolite, the phenocrysts es & rule appesr to be far
wore gomplex, for & number of the lnrgnr erystals, which
range from two to three millimeters In dieameter, contaln
sggregates of smeller grains, Biotite, although 1t ususlly
constitutes less than one percent, 1s common to both of
them, but the flakes in the rhyolite are seldom visible
maga-bopieally. They are generally laag than a millimeter
in lnngth, while those in the decite are seversl times that
size, In addition, the felsitic groundmess in the rhyolite
is less’ altered and locally shows well developed uphorulltea.A
In both types the content of feldspathie phanoaryatn varies
from about ten to twenty percent of the rock.




B il L o o o e e R i e e e e o e e e e e e R ae o e ko al e el e i e U s

101
vable II = Peprt 1

I 11
YL Y ——— 73400 66,66
HIUTINE wwm e 14425 14,44

 Ferrous Oxide e o 1.28 : 1.28
Perric Oxide o 28 »80
Hagnesla wesewese. - 24 18
L1M@ mmmem—————————— 1426  1.96
Sode = o - 2498 3.86
.Potauh o e - o 4,86 Sqﬁﬁ
Water ebove 108 C, =wewwww 1,00 4480
Water at 108 C, wesewcomes « 60 : +40
Carbon Dioxide w- - none . none
Titanium Dioxide sewewemwew «18 o258
fhosphorous Pentoxide ~w=e trace trace
Sulphur wewees - none none
langanese Dioxlde ewewamame Jhone ggggg

99,88 99,91

y Nartharh extension of rhyolite vent above lagcolith
north of Little Alvord Creek. Analyste W, H, & ¥,
Herdsman,

1I. Basal perlite of the upper blotite~daclte flow on
the south side of Pike Creek, Analysts W. ¥, & F,

Herdsman,




@”ﬁm i o1 > 4 A

OrthOGi“. a G0 G S S A 5 T

Albi t@ T IRy pR——

inorthite wesscowen

Corundul ~eeecceeemcccnm——
Hypersthene -;u-ow--gﬁ--*n
Wagnetite AT SR v
T1menite mwecenscmemewnnoe

1,¥at°,r - - - -

Norms ealculatsed from the analyses in Part 1

102

| 3
fable II = Part 2

|
3324
28,01

£5.,15

€el2

2.93

£e32
46
.46
1280
99,99

11
28468
18,46
32449

P73
«92
1.72
116
+46

20

99,82

I, ‘Toscanose, U. I, F, W, Symbol, I. "4."2.(2)8,

I, Toscanose, ¢. I. F. Bs Gymbol,

I

B

o "heEe B,



105

PIKB/GREJK VOLCANIC SERIES

As praviaualﬁfmdﬁﬁionad the dip slope of the southern
1imb o'f the 1aoeoi1tn1c dawa in part forms the northern wall -
of the valley of gitﬂla Alvord Creek, To the south of the
ereek for about mhrﬁﬁ;ﬁilaa lies u greet serles of acldie
flows end -zranirxuéweuffa, in 81l over fifteen hundred
feet in thieknams. ﬁﬂig&ra 34) Agide from the gentle weste
ward dip of thb fn&lﬁxhlack this ggries is rlet lying, The
flows farmimgnbhcyE Mmpnr thousand feet abut against the ine
elined strﬁta tarmlag the southern margin of the dome. The
1awcrmns$ badt'of tn@a southern series, exposed in Plke (reek,
about ?wu miisa ta #ho pouth, conzint of ar acldie flow inter-
hoddoﬁ 1n stra iriaé\tuffa. Hach of the three mcmbara. thus

rormed, uba#' tud hundred feet in thilckmess, although the
base, ur thp lower tuxks 1¢ not exposed. Loeally these lower

badc nre e fo;mnble ﬂo the upper serles, but 1f they could
be tﬁinﬁd/nnrﬁhlard tp‘y might be found elither to be, llke
the uppey members , jf"
| tha luqaolith or tﬁ/ the direct stretigraphle continuation

\

" of 1tq dowed beds, u}yh lwhich & loesl viscous flow is inter-

imform-ble to the southern limb of

l' y
/‘/\Vnco the ntrstkgraphia relationship of these acldic
turrj Fnd lavas is qppoaaa best in Pike Creek, thet neme 1s

givep ra the aariqa (Figuro 85) To fellow the chronology

' I /.

'
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Figure 34. Aeroplane view of the southern end of High

Steens from the east. The volecanic series of Pike

Creek, which lies in the center, is prominently exposed.
On the right the andesitic vent on the northern side of
Little Alvord Creek is visible. Farther northward at

the margin of the pieture, the rhyolite vent above the
laccolith may be seen just to the north of the most
northerly exposure of the upper)flow of biotite~dacite.
At the base the playa formed by Alvord Desert 1s partial-

ly flooded.



Pigure 35. The volcanle series disclosed in an ox=-

posure sbout fifteen hundred feet in height on the
southern side of Plke Creeck valley. At the base the
lower plety rhyolite mey be seen. 4bOVE it the dark
exposures are formed by the middle tuffe, These are
overlaid by the upper platy rhyolite, which is shown
by the light colored exposures in the eenter of the
series, Above this are the upper tuffs and the lower
bilotite-dacite, which 18 not clearly defined. The
upper flow of blotite-dacite farms the pinrnacles at

the sumnit,
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of events as well ss the origin of 1ts different members it
1ls naﬁmnﬂarg, hmwevar. to digress geopraphieally both to the
nartﬁiinta'hittla Alverd Creek and southward into Toughey
Croek, | | |

In both Filke Creek and Toupghey Creek, the geology is
grestly complicated by the previouely mentlioned step faulte
which roughly parallel the ssarp se it extends towards Wild-
horse Spur. These step faults are rarely more then 8

hundred yerds from the nein scerp.

Lower Turfe

T¢ the west of this zone on the northern gide of the
deep valley of Pike Creek, the lowermost outorops ars formed
by about two hundred feet of strstified tuffs, the base of
which 1s not exposed, These beds sre chiefly of a proncunced
greenish hue, due presumebly to the alterstion of the normel
white scidic tuffs by the contsot effect of the adjecent
agidic vents, |

Loeally these beds ars cut by five besaltic sills
varying in thickness from & few inches to about fifteen
feet, 7The sumellest of these, at 1ts western extremity,
 diminished to & thiokness of only helf en inoch, The two
lsrger ones, which are appwuximat&ly of equal size, have
both resulted in the Induration of the adjacent sediments
to & derk grey. This contaet effect dles out within about
five feet, The largest of the three sualler sllile ls less




107
thean four fest in thickness, ﬁhaiinﬂuratiem, caused by

these minoy intrusions iz ulwost negliglble.

jower Lamineted Rhyollte

Directly above these tuffs in the valley of Pike Creek
snd extending westward for several hundred ysrds, there 1s
sone extrevely lsmineted felsitic rhyolite {Table III} of &
reddish brown ¢olor. Thle seidic lave ls ebout two hundred
feot in thiockness, Overlyilng the tuffs, the lsminations sare
lamgaly'haiiaamtﬂl‘anﬁ the mase 1is definltely a flow, but
fargher to the west it developes marked vent charscteristics,
These chapenteristics conelet of righly Inelined featurss
puch ss 1ines of flowsge, and bands of spherulites and
lithnpnyaﬁa. it the surfsos, additional evidence fis furnishe
ed by the presence of perlitioc spines, surrounded by wi:ite
tuffeseous material, ﬁhi@h presumably s of sontemporansous.
origin. Unfortunately =& &vﬁaaauﬁting relationshlp of ﬁhia'
rhyolite with the underlying highly altered tuffe is not

To the south & continustion ol this rhyolite forms the
pesal exposure in the valley of Toughey Ursek, Although
this exposure shows the lave underlyling well bedded tufifs,
1% does not otherwise contribute to an interpretation of its
origin., Horthward this horizon is not exposed. Therefore,
the extent n#&tnar/or the flow nor of ite p?wbamie went oan
be determined.

The most striking feature of thls lave 1s the extrome
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Table 1IT - Part 1

GRLLLOBR  oworm e oo o o o s s o e
ﬁlnmin‘ . e S 8 Vo A O
Ferrous 021d¢ wemmemema
Porric 0x1d0 weworwumws

fﬂﬂm}maia A i o5 o . U G A

Lima weommmnmnammmen
IO v s o o e e
POLRBLE e s s st oo aw i s
- Water above 105 €, wwww
| Fater 8t 105 Uy wemveme
Carbon Dioxide wwm=wewew
Titanium Dioxide weowww
Phosphorous Fentoxlde =
SULPIUL = cmm o e -

Hanganoese D10x1de wmmew

1. Lower flow of plety

Creak,

I

7360

12,96
1,19
.82
«20
+64
1.71
727
+50
+40

none -

«30
tra06
none
~2one

99,09

i

5462

11,82

1,19

B2
»26
« 62
1480
€450
« 20
35
trace
o34
trace
trace
none

98,90

v

111
7450 68,10
12,45 13416
BE 1,08
+B5 «43
.28 34
1,82 1.06
3.88 4,74
4427 B8
68 7460
+30 + 60
none  none
trace »48
L7  trace
« D4 none
trace ‘neng
99,95 100,02

rhyolite in the valley of Plke

Analysts W, 1., & F, Herdsman,

II, Spherulite in the upper flow of platy rhyollte in the

valley of Toughey Cresk, Anslyste W, H. & F, Herdsuen,

III. Rhyollte flow in the valley of Little Alvord Creek.

Anslyst ¥, H. Herdsman.

IV. Dacitie intrusion of vitrophyre on the north side of

the valley of Toughey Creck, &nelysts W. 5, & ¥. Herdsuzen,
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Table III « Part 2

1 11 111

(UBPEE wwmmmmcmmmemmees 53,60 38,16 51,98
_Orthoglsse - . 43,37 36,36 95,58
£1DItE wmemmmmmmmmmmeme 14,16 16,20 33,01
Anopthlte wwmewmwmmmews T34 .08 Ba 6l
Corundum =< o o e 1.08 »41 o i
opslde ememmmveommmme  swew - 3,00
W011astonite =eeeeemame  mmem - .36
Hypersthene w=eewmewws 1456 166 .
Tlmenite ~eeewemmmeweme - 461 «61 -
NMagnetite eeew o - 1.16 1416 lel6
APALILE memmmsmmmmmnime  wem. e 34
LT 7Y R - 1.20 1,23 .96
Sulphur wee=w- - e e 208

100,01 99.88 100,03
Yorwus caleulsted from the analyses In Fart 1
I. Omeose, G, I. P % i‘:‘iymml, R B s - N
II.; Kegdeburgose, C. I, Po %, Symbol, I.3(4).1.8.
111, Tososnose, C. I. F. ¥, Symbol, 1."4.2.%
Iv. Kellerudose, G. I. g; %a Symbol, I."4.1(2).{3)4.

Iv
26470
18,68
39.82

D28
«41
136
v46
270
8,20
v m o

Foarimaiianatsinmine

100,11
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regulsprity of tha-pnralxal lamxngtimns. Although some of
the banding is remerkably stralght, sueh of it 1s slightly
wavy {Figure 36) or w#an sontorted, In the later instance
the extreme viscosity locally resulted in brecelation., When
fresh, the rock showe an aslternation of fine stresks of dark
grey and reddish brown felsite. VWith kaolinization, the
banding is more epparent, for the alterstion 1is localized
in certaln utreakn*' ¥1ith westhering following the lines of
flowsge, thls rhyolite splita into paperlike leminations of
e pele pinkish shade, ﬂry;tallina quartz is loeally visible
as minute segregstions between the felsitic bands ss wsll as
in & network of hbanav&vue veinlets, which are chlefly ape
parent on the weathered plates,

In thin seetion the rock is avyptd@ryatallime,'bnt the
gifferent laminations veary in cosrecness, The quarts occurs
;nxthﬁ center of thin rather opague streaks, whieh sre of
finer texture and gf‘a darker shade of reddish brown., isny
of thésa segregations of quartz sre lenticular in shape,

Cne of the largest observed, which is sbout .3mn. in width,
sontains individual quarts gratna over & millimeter in
length. Others consist of ldlomorphic orystals separsted
largely by opague iron stained materisl, but with thelr
srystal faces projecting into the felsitio matrix, The

me jor sxes of these aryat#la parallel the lines of flowage,

The formstion of the guertz apparently preceded the
complete solidificstion of the lasva. The network of velnw

lets also epresrs to be spndogenstle, for the owerlyling
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Figure 36, Typlocal exposure of the lower flow
platy rhyolite in the FPike Creek

gseries.

of

Pigure 37. The middle tuffaceous beds in the

main exposure of the Pike Creek series.
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stratified beds lack the silistffoation sxhibited by the
perlite and its assoeieted tuffaceous materlal, Tnii 211im
eification of perlite, both here end higher in the gorles,
it'ani?rly noticeable from aiffﬁrantialiaxanion. In extreme
cases & whitish honeycombed strueture i formed, due to the
resistance of & network of siliceous veinlets, which roughly
foliow the mesh formed by ths aurvinglawaﬁka*‘ The glass,
wmiuﬁ has been at lesst pertialiy devitrifisd by the sow
lutions, is sasily keolinized and subsequently eroded.

#1ddle Tuffs

Capping this lower rhyalitn nra well bedded tuffacecus
sediments ¢lose Lo three hundred feet in thiakneaaﬁ-{ﬁzgﬁra
3%} Theese beda, which diﬁ predominantly to the northwest
at about riftesn degrecs, &rs exposed ﬁu the south side of
Pike Creek st about & half @ mile from its mouth and also to
the south in Toughey (reek,

The bads eonsist ohiefly of whitish material that appears
] barthIXf of tuffsceous origin, but they also contain a
number of horizons, u&uaxiy two to three feet in thickness,
which sre rurmad prinsipally of apgular to subengular
fragments of acidic lavs. Although the fragments are prow
dowinantly less thap an inth In dlameter, they were xagnﬁ
loeslly to be even & faat LOTO8S, The‘&ngular fragments
sonsist chiefly of platy lasvs resembling the rhyolitic
flow immedimtely below,

Although thess beds show no warked alterstion at their
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hﬂu@;*wﬁieh is In aunﬁaat\with n’r@ddlaﬁ solil«like iayer
gapping the underlying perllte, they have been highly elli-
eiffed st @ number of horizons. Ferheps due to their
initie] porosity this aetlon usually has been confined
priaaxpally to the horirons conteining the coarae fragmentm
al material, Immediately bensath the ocapping flow of
rhyolite, however, the siliciflcation is more general and
so oxtreme that the rock resembles & glamey a#idiﬁrlﬁfﬁ,
but it grades into more normal tuf: when traced dnwﬁnurﬁ
about five feet, This alterstion 1s invariably sceompanie
ed by the grneﬁiah soloration of the rook,

- The localization of the alteratlion at scattered horie
zons, which probably were originally porous, sugreate thst
the beds have heen subjeoted to the horigontal access of
altering solutions, These would advance along wali\ﬁﬁfinaé
stratificstion and would be concentrsted in the mors porous
beds aspaaially‘wheﬂ in contact with a relsatively lmpervious
lsyer. These solutions sre essily explained by the presance
of the vent for the overlylng flow only a few hunﬁrga yards

to the west,

Upper Laminsted Hhyolite
?ﬁaaa middle tuffs are capped by ancther flow of
laminated rhyolite. Although the bending of thie lava lacks
the extreme regularity thst cheracterizes the lowur flow,
it ceusce the vock to split into plnklsh plates, which
strongly resemble those of the lower rhyclits even to the .
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presence ol miﬁute silicecus v&ié;ate. The felsitle fliow
structure is nsuslly gpyg&ant fﬁam an alternation bf greay-
1sh ar»ra&éish aulwr# va#ﬁing~fvwmfa derk to 2 light shade,
The lighter bsnds are ususlly eompletely kaolinlzed, while
the derk constituent 1s found in thin section to be compow
ed of cryptocrystalline gquertz., This quertz as 2 rule
oecurs sither in very irregulsy snastomosing bands that are
roughly parsllel, orF in swall segregations that may show
plight slignment. Home speolmens contaln s few faldae-
pathle phiencerysts thet consist of orthoclese and nighly
scldlic plagioclans,

In the main seetion om the south slde of Plke Creek the
thickness of this flow is approximately two hundred end fifty
feet, inoluding both the upper and lower perlitic mergins,
The upper periite which shows aaa# surfage features is over
thirty feet in t:ickness. Its contsot with the underlying
platy gh&na‘ia‘uat exposed, but towards lts bass 1t de-
velopes horizontal bands of spherullites which suggest =
tranaition, The lower perlitic selvege la sbout fiftesn
. fest In thickneas,

Traced lesr than two hundred yards fo the west thias
rhyelite loses ite horlzontal bsnding and merges into sn
irrogul sy mass of lava whieh crosscuts tha.underlyiﬁg turlfs
Here unfurtunataly the aptual contact is naﬁ sxposed, Qw&ng
to tha‘graaieut of the streem thu width of the vent ¢annot
be determined, but to the west the cheprescteristice vertical
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jolnting 1 well defined for at ia&et & hupndred yoerds, In
this lave, » hundred feet or more above tho stress, thore
are weny Irpegulay bregeizs formed of 1ight eolored sphanie
tie rogk, whieh was presumsbly derived from the tuffaceous
sedimonts &t the time of extrusion, These fregnents, whieh
have looslly suffered & brownish dlscoioration, prove in
thin seetion to be so sowplouteiy ellisiffed and keolinized
thet thelr orlgln eemnot be detsrnined,

This rhyolite thickens creatly to the south and on the
northorn slde of Toughey Crosk, =t a ﬁimtﬁﬁae of only abogt
& quarter of a mile, 1t 18 cioee to five hundred feet In
thiaknaaa, ever disregarding the step fesults, which cauvse &
repetitlah of the flow at the face of the scarp, (44) ‘The

{44) slthouph there sre innumerabdbls minor feults on this
soarp, tho oejor dlisplasesent provicusly mentloned by suthor
is incorrect, owing to the faet that the presence af two
rather sinilsp ﬁlaty flows wae not roslized,

Re %o Tuller and 7. O natena, op. 0lt., Flgure 1ﬂ; Pe 228,

incresscd thickness 1s due xargmg to the ;mmmn of these
exposures dircetly over the southern contimustion of the vent
or impedistely adjsnsent to 1t, 2ltzoupgh subjeset to ¢onslider~
sble irregulapity, the plety lointing of this lave in
Touphey Croek 1s in general steeply Inclined. On ercsion
1t forms steep oliffs (Flgure %8) and pinnecles that rise
from & fine platy tajus, |

On the northern wall of the valley, west of the nt&y

faulta sxposed on the sosrp, the middle tufiscsous bednm
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Figure 38. Vertical jointing in the upper platy
rhyolite on the northern wall of Toughey Creek.
The ¢liff on the left is about a hundred feet in
height.
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outerop benesth the rhyolite. To the west, howsver, the
rhyolitic exposure crosscuts this streta, Defining this °

bﬁu&l’ﬁaﬁhmat, & dark mees of bitrophyre about thirty to

forty feet in thiokness cuterops for aluost & hundred yards.

- At ite esstern end the glassy rock appears to be approximete-

ly eonformeble with the underlying tuffe, and dlps westward
aﬁvah&ut fiftcen degrees, Traced to the west, thls dark
vitraauahmaum shows 3 progressive ahanga in inolination
(Figure 39) and erosscuts the stratified beds,

In & falrly r&gular_nru; it graduslly ineresses in dip
ta,&buut,twwntymfivé dogrees to the southwest end finmily at
sbout fifty fest sbove the streas attains s slope of elmost
sixty degrees, (¥lgure 40) while in the same exposure ime
mediately to the south, the lines of flowege beconme almost
vertical. This lower extremity of the glssasy rock, however,
is not formed ss an even marginal selvage on the rhyolite,
for bedded tuffs are exposed in the styream bed in contaet
with 1%t on the south. |

In spiﬁm of this fact, the vitrophyre was consldered in
the fleld to form an irregular marginel phese of the platy
lava, which is direotly above it. The chexieal analyses,
aubaeﬁuent@y obtained, appﬁ&m-ﬁ&f&nita&y to disprove thise
relationship. It is, therefors, thought to be & later
intrusion whiahrhna in part followed the wergin of the w
rhyolitie vent, This loocus of axtrusion for the plety
leva 1s indicated by the vertiecsl laninations, whioh 1t exe
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Figure 39.- View of Toughey Creek showing the

- middle tuffaceous beds in the foreground. On
‘the right wall of the valley the dark sheet of
vitrophyre parsllels the curving contact of the
upper platy rhyolite, which forms the precipl-
tous exposures both above and to the west. The
aliff on the right in the distance is formed by
the upper flow of biotite-dacite.




Figure 40. The steeply inclined lines of flowage 1n
the Toughey Creek vitrophyre near the base of 1ts ex-~

yosure.,

Figure 41, Ineclined alignment in the spherulltes at

the base of the upper platy rhyolite on the northern

wall of Toughey Creek., An eighteen inch hammer is

visible in the center of the pleture.
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hibite in the creck bed aboul snother hundred feet to the
west, ALgsin the gredlent of the strezac prevents the dee
ternination of the width of the vent, but its oecurrence to
the nsyth in Pilke Creek on approximately tha-samm 1ine
sugzests that both exposures interseet an elongste volcsnie
neek, which follows spproximately & north and south axls,
Both the vitrophyre and the overlylng rhyolits, near
1ts lowsr contset, develop spherulites, (¥igure 41) whieh
are roughly concentrated in zones parallel to the flowage.,
£t the mergin of the vent, direotly sbove the steeply ine-
slined phase of the-vitraynyra,ithaaa are some spharulites
in sn slteresd periite ﬁﬁat\attniu # diameter of about three
feet, These show & sllightly reniform surface of & pale
greenlsh shade, while the immer part a2 of 2 roddish brown.
The senter of thess mosses consists of & single apherulite.
fha outer n&aa, however, in thin seetion shows an irregular

succession of conflisting segments of spherulltes that

aegmamt# thﬁ?ﬂ s usually & wiercscoplie band of quart:z,

Both the vit#nghyrﬁ\mnd the large spherulites are un~
altered and were therefore selected for themicnl analysis
in plage of the highly Wsolinised platy lava, In the
anslysea, (Table III) the gisnssy selvage that parslleles the
vorder wae found teo be a true duolite, whils the sapherulite
wes &n soldle rhyolite, nigh in poteash, snd slmost identical
in eomposition to the lower laminsted flow, Spherulites sre
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usually considered to ﬁévg‘ﬁarmaé slowly in & stetic glaas
and they should thereforé¢ represent the true msgom, seslde
from the faet thet with @tyatallimutian'tha volatiles would
be largely expallied,

LITILE ALVORD CREEK REYOLITE

The exposurss on the maln sesrp are not sufflslent to
permit the upper plsaty rhyolite flow to be treced northward
from Plke Cresk, Whers last exposed it appesrs to be
fhinning prapidly towards the north, In Little Alvord Creek,
hawaver; snother mile and & halfl to the north, & very thick
flow of rhyolite ocours at the same horizon, The vent from
which this lave wae extruded 18 slso exposed, It lles at
least approximately in line with the two just deseribed to
the south, but the lave does not alosely resemble the upper
platy rhyolite either in 1its physlcal or ite chemleal

- gharaoteristics, (Teble III)

™This lsve like the uppor platy rhyolite contalne a few
emall phenoorysts of oligoclese snd orthoclase and &lmo ex=~
nibits some felsitis flow structure, but not sufficient to
csuse 1t to epilt into laminstions., It lacks the~1rragu1am
eagragqtimna of oryptoorystallins guartz that ahnr&etawiaﬁn
the Pike (ryssk flow, Chemieslly, hewswar,"tha distinetion
appesrs to be more definite, Although ths silisa content 1s
almost ecumlly high in both flows, there 12 marked difference
in the oxides. In the Alvord Creek rhyolite, the potesh is
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fay lower, while the es#tanﬁ of éeda‘nnﬁ 1ime Is decidedly
higher,

On the south side of Little Alvord ﬂweak@ &t sbout &
gquarter of & mlle from the ssarp, thers 1s & steep oliff
about four hundred feet high forsed by thls flow of rhyo-
lite, {Pigure 42} In marked sontrast, the north side of the
wvalley is formed by the partially dissected dip slope of the
tulffageous spdiments sowposing the pouthern 1imd of the
lagcolithy This slope s previously mentioned formed the re-
taining wall for the rhyolitie flow, but farther to the west
it elsc is cut by the vant from which the lave was extrudsd,
The base of the flow 1is not exposed, Since 1t shows s bssal
mergin of perlite thut=ia\appraximatwly level, it presumably
wss extruded on a reletively flat surface whieh should ceeur
slose to the level of the etream,

This basal perlite is expossd for only about & hundred
yerds and cemses with the development af vent character-— |
$atica, wﬂinh conaist in the presence of vartieal linee of
flowage {n the rhyoliite and in the intrusive relationshilp
of the perlite on the north side of the welley. These oxe
posures of the latter sxtend up the northern slope for
seyersl hundred feet and appesr partially to define the
rounded northern end of the rhyolitic vent,

' fo the emst of this margin lies the Inclined well
stratified tuffs, which dip to the southwest st over fifteen
degrees, The inelinetion of these beds towards the vent
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Figure 42, A view of the southern wall :of the
valley of Little Alvord Creek showlng the four
hundred foot flow of rhyolite overlald by the
two flows of biotite~daclte.
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suggosts a guhaﬁi# ru&atiumahiy,%hat the axtrem& classlifi~
ecation of the clastise demands an aqueous stratification. i
The slope 1s, of course, easily expleined by the deformation ‘
induced by laecolith, | | |
To the west, the perlite develops steeply inclined Lends
of spherulites. (Figure 43) Lonally, some of these radisting
mmau§a>attnin 8 dismeter of slghteen inehes, As usual, these
paprtitions merk the transition to the felsitle phuua,'whiehv
showe pronounced vertiesl flowasge, This felsitic phase also
showe bends of lava covered with small nodes formed by cone
rltﬁting spherulites. (Figure 44)
Above the center of the wvent, e breccia formed of perw
1itic fragments in & 1light colored tuff, rises sbout two
hundred feet above the surfece of the flow. This tuff is
thought to be formed both by the looel explesive activity
uﬁﬁvhy the eomuinution of the perlite, whieh injects 1t éxe
tensively. These injestions rise steeply and then tend to
curve iaﬁn horizontsal sheets which are ususlly but four op
Pive fest in thickness, although some reanges up to fifteen
faot or more. {(Figure 45) As & rule these injeotions whieh

are considered to be nesr surfape festures of the rhyolitie

vent, sannot be trased for more than thirty or forty fest.
They app&gﬁ ta end rather bluntly. ‘

~About » hundred yerds to the west at a lower ﬁlﬁvatiau
thqr#\ia an exposure nesr the stresn of massive black porlite

showing lrregular zonse of colerstion to brownish and reddish



Figure 43, Coarse spherulites forming inclined pertitions
in the perlite at the margin of the rhyolite vent on the

northern wall of Little Alvord Creek.

Flgure 44. In the rhyclite vent on the northern wall of
Little Alvord Creek, a vertical partition formed by con=
flicting spherulites, which are visible as small rounded

axgreacences a.




,Figﬁra 45. Perlitic injections curving to & horl-
gontal position in the tuffaceous breccias above the
rhyolite vent on the northern side of Little Alvord
Creek, An eighteen inch hammer is beneath the center
of the lower injection. The basal exposure of the

aﬁd@sitie vent 1s visible at the top.
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shades, This wvitreous lave presumebly formed the surface of
the flﬁu@' i in the ¢ase of varisolored obsidlane previously

deseribed by the writer (45) the variations in color sre due

. a : , ‘
{45) R. E. Fuller, "The kode of Orlgin of the Color of
Certain Varicolored Obeldians,”Jjour. Gwol., Vol. XXXV

to the oxidation of the gless adjacent 1o the 1ines of
fracture in & flow brecela. The fragments were thus at
lesst partially altersd to & brownish or reddish shade, . The
hot gasses following these brecciated zones subsequently
eansed the refusion of the gless, thh\nuﬁiti@nnl fiowage
the slesn~gut outline of the brescle was destroyed. | |

UPFER PIKE CREEK TUPFFS

ﬂht‘nnxt\atrttigraphaa unit of this voleanic seriles
outérops only in the exposure of the mainm saquence on the
south alde of the valley of Pike Creek {Figure 35} Here
well stratified tuffs sbout forty fest in thilskness are ex-
posed overlying the irregulsr perlitie phese that ssps the
upper platy rhyolite. This bed 1s gquite gresn towards the
t@p, bn§ shows some brownish shades Iin the lower part. HNesp
the top there are two conglomeratic bede which are about one
and & helf and thres fest In thiloimess. The fragments are
of mgldic lsve snd wvery in shepe from round 40 sngular,
Fossibly owing %o theilr originel porosity these beds have
suffered extreme silicifieation simller to that observed
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lower in the serles, The alterstion msy be due both to the
overlying Jave and to the prosimity of an sdjscent vent to
be described laters |

' I$ 1s impossible to establlish the horisontal oxtent of
these sediments, Owing to the thickening of the underlying
platy rhyolite to the eouth, they do not ooeur in Toughey
Crask, The strats, howover, mey eontinue to thnema§ﬁh, but
wntewﬁuaatalr there 18 no possible exposure in whioh thie
mey be dntarminaﬂ.

| Blotite~lncite

kbewwithﬁsa sediments ape two prest flows of blotitew
ducite, which are very similer both pﬁtwagmaphimﬁizy and
chezically. (Table IV} They show feldspar and blotite in s
dense ground thet veries from light grey to drownlsh or
reddish shades, As & rule the ground showes no flowajd. he
porcentage of feldepar is somewhst varisble, hut\&t-mpaaumu
to be distinetly =more plentiful Iin the upper flow, where it
forms as mush as thirty percent of the rooke In the lower
fiow 1t probebly does not attxin hall thet flgure,

The size of the orystals 1s sbout the szze in both
| flovrs, slthough the individusle in esch are very vmriubian
The lapger nassos are usually glomeroporphyritlie fuléagathla
{ntergrowths four to six willimeters iz dismeter, These as
2 rule contalin glasey 1g¢1uﬁians, iost of ﬁna felidepar,

. . however, ogcurs in sxmall sngulsy {ragoents or in lrrogulse

" greins, wnose rourded outline indloetes psrtisl resorption,
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Table IV = Part 1

R
81lien wes - ' +wi 68,68
FUTITLL QPE— 9“’, 14044
Perrous axiﬁni§*-w~-m~#*~*  128
FOrric ON1de memeswwe—asces 80
Hagnesla www- s .18
LARE s o o o s 1.96
8008 womm s o s 3488
Potash 9 e .28
Water sbove 106 C. wmwewwe 480
Bater at 105 . wewssnenmw «40
Carbon Dioxide «« . . none
Titeniun Dioxide «—vesomue «26
Phosphorous PFentoxide weww trace
SUTPIAIIS i o s on s i a0 o 4 none
¥anganess DIoX1de sserwmww JJone
9901

I, Bassl perlite of the lower flow of bdiotite-dacite on
the south side of Plke Creek valley,

Herdaman,

67,05
14,91
1448
«9E
+65
2444
4418
3,04
4435
450
none
.34
12
trace
trace
99,95

Anslyste W, H, & P,

II, Basal perlite of the upper flow of blotlte-dacite on
the south side of Pike Creek velley., 4nalysts W, H. & F,

" Berdanarn.,.
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Pable IV ~ m% 2

1 B 3
QUAPES e smmemimammins 28,68 24484
ﬁkﬁhaui«nu o e i 19,48 : 17,79
A1DIte ememmmmms .- 32,49 | 35,11
Anorthite wem-emw 9,73 11,40
COPURAUR mmmmm e m e ez 8
Hypersthene =—-ew—se= 1.72 | 5406

Hagnetite B A 1.16 158
Ilnenite «~eweomwmonme ;éﬁ | «&1

Apatite o e s —— 34
Fater swecswmenmommnen *ﬁagg . ]
| 99,62 99,99
ﬁprma enlculated from the enslyses in Part I
I, Tosoanoc2s, C. I. P. %, Symbol, I."4.2.3.
1. Toscanose, C. I. P. W. Symbol, L.4.2".3".
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These sualler Individuele sverage lesms than e millimeter in
length, Some of the feldspar Is an scidie plagioalese, but
many of the fragments show no twiﬁning or roning and eppeer
to ha orthoelase,

?1akaa of biotite are reletively common and range up
to two millimetere in width, Locally in the vieinisy of
Pike Creek the bilotite iun the lower flow is dlstinctly a-
ligned in an sphanitis ground that exhiblte irreguler flowe

age by en slternstion of pinkish end whitish bsnds. In this

phase the feldspar 1s completely sltersd to a cryptoorystal-
iine sgpregate that oonaslete partly of guartz.

Both flows appear to have been erupted from the same
vents sfter the intervention of en ineignificsnt tlme inter-
val, The lowsr flow is exposed in the velleys of Pike Creek
snd Little Alvord Creek with & relatively uniform thickness
wr'ghmut two bundred feet, The upper fiow shows & almilar
thiskness in Little Alvord Creek Valley, but inereases
gradually tﬁ the south resehing e maximum betwesen Fike Creek
snd Indisn Creek, where it forms exposurss alana o six
hundred feet in naightu {Figure 34)

In the wain Pike Creek ssstion, (Pigure 353 the lower hi@w

tite-dacite shows, above the upper tuffs, s basal perlitie
phase about Fifty fest in thickness, Adjacent to the sedi-

ments the glass is altered to & pale greenish shade resem~

bling the color of the sltered beds with which 1t is In con=

tect. Thie lower perlite shows some highly inelined bands
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of nyharulitda* ‘ﬁﬁowwvat the ma;aive‘Xava‘ena#a ulmautv
vuwtinA1't1u% strueture, whioh is even wery merked in the
course porliifs spines at the upper surface. The lewer
flow nf’danl&u i% here close to three hundred feet in thicke
ness , nlﬁhn#sn 1t decresses greatly utt&in & bundred yards
to the tﬁbﬁ} These faats eugiest that 1t 1s the loous of
aitruaian,?bat & crosssutting relstlonship is not visible.

whiujiaaality 1s at the merglin of the vent, from whieh
the gr#atﬁbvarlying sese of the upper dacite was largely oxe -
:rudaﬁ;~nﬁa its peeullisr cheracteristice may bs due to en
anriiﬁé 4&%3@ of the sasce volcanic center, %The genotle rew
lntianbaﬂp of the two flows 13, howosver, wors convineing in |
Little flward Ureek vealley over a2 zile fron the agerp,. Thaka;‘
they ap#aaw to merge into the ssme mass, whieh shows exw
tramalyf@mrsiutsnt vartical flow structure throughout sn
axyasuraaavar 8 hundred yerds in width, This loeality
ganaiﬁlyagay be the direed vorntinustion of tho one to the
south, && loast, 2ince the flows sre exposed continucusly,
the'uativ%ty in the two centers zust have besn ConteDOe
wuﬁaau-.'&» | | |

Fetwesn Fike and Indlan Creck, the upper blotitesdseite
haa bucn‘ttgippaﬁ of its overlyinyg rooks end forms the
- sarlace ar\én Irroguler brosd shoulder which 1z a2t lsast a
nile in width‘ 'Eaxﬁ the mwak is conslidersbly keolinized
and nxbibita m minutely han&&g jointing, whieh csuses 1t to
erode in this interfluvial reglon llke a cosresely granulsr
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r@akw» The shape arvtﬁm‘expaaurék, haﬁaw@w, is largely con=
trolled by 1ts highly inclined flow structure which ﬁiv&n ,
rise to mtaap‘ﬁtnﬁualaa and alliffe. (Figurq 46) Detween the
irrﬁgqiﬁr‘praminwnﬁmx iz 8 gently rolling tervein ﬁup@ar@tag
a'aaattmraa growth of junipers. {Fmgursfav} (n the weat tim
wreﬁiﬁltaua exposurss formed by the overlying bassltle flows
rise sbruptly about two thousand raét abava’tmia relatively
level shoulder..

The flow strusture le very persistent in the sastern
part of this broad area, but 1t 1s best exposed at the western
and of Toughey Creek where 1t‘nan be trased vertically for
mhaﬁt.txva bundred feet. In splte of the depth of ercsion
the bese of the mess is not expesed, Northwerd, howsver, at
the mergin of the Pike Cresk velley, the lines of flowsge
are inclined scuthward as If emerging frox 8 vent lying %o
the south, Here as slsewhere to the ﬁarth, perlite defines
the base, %Zhe lava is, therefors, considered to have besn
amtruﬁﬁd‘fram~an extonsive waa@flying beneath the broed
divide betwesn Plke and Taugmay Cresks, and continuing en
indetersinable dlstence to the south,

The complets recovel of the overlying bessalt suggoste
that this mass afvdaeﬁta might be & lsscolith whose dynamie
and gaseous wmetanmopphiem has rendered the overlying rook
umnawntxhla‘tﬂ orosion, Although the nhymiagraghy ia not
conolusively interpreted, this ides was found to be untenable,
’Tho sotual uppsr gontsct was not observed, but loecelly wiﬁhQ
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iy 3

Figure 46. Vertiecal jointing in the vent for the upper

blotite~dacite north of Toughey Creek. The exposure on

the lert‘13‘savanty—fivgifgﬁgﬁigﬂggggQE:gkgi_i

Figure 47. The broad divide between Toughey Creek and
Pike Creek expoeing the upper blotite-dscite, The basalt

forms the precipitous exposures in the baekgraund.
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in & few nn#&a«a'rn¢t,¢r the acidic lave, basaltlc flows were
found to show po indlcation of alterstion in splte of &
porous texture thet would have rendered them very suscepti-
ble, Ta tha north,on the divide betwesn Pike Creek and
Littla Alvmwﬁ Crosk the a&ratigrnghia relationship ﬁa well
sxposed end glves no indleation of the deformation of tha
ﬁinrlying formstions. Added evidensce is furnished by the
fagt that thile blotite~dacits ie cut by both basaltls dikes
snd sndesitic intrusivee, both of which roeks have stratie
graphic equivelents higher in the sestion. |

Rhyolitie Volesnios of Cottonwood Creek
- and Willow Creek

Ehyolitie vulﬁﬁaiea,"uhiah'appear to be unralﬁﬂud‘tu
thoss previously described, sre expossd at the foot of the
mountain in the valleys of Willow Creek snd Gottomwood |
G»wuk.i in the latter, s rather homogensous msseive light
grey rosk ﬁuteﬁc#a for sevaral hundred yarde with & maxlsaus
thickness of mbout three hundred feet, {Figure 48)

This rook 1s high in anguler fragments, but 1%t 1s e
keoliniszed that the writer has been unable to determine
whether 1t be 2 lava filled with inclusions or a remsrkably
nomogeneous agglomerste partislly silieified, The fset that
no uu&fngu features were observed and #&atvuha measz, whish la
spparently sontinuous, shows a high guarts content in ite
nppﬁr part and & hiﬂh orthoslase content towards the base
of the exposure, sugrests a tuffesseous ariglng On the atnma
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Figure 48. Rhyolitic tuffs and agglomerates at
the base of the scarp in Cottonwood Creek. 1In

the center of the view the valley 1s about three

hundred feet deep.
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Figure 49. The valley of Cottonwood Creek. At the
base of the view the uppermost Alvord Creek beds
may be seen between the two flows of basic andesite,
Above them in the middle distance the massive phase
of the main andesitic flow stands out prominently

in a ¢liff about five hundred feet in height.




hend in thin seetlon it appeers td show slight trsces of

flowage end no inﬁiastians af relies atru#ture of wu&aﬁaiﬁ
ejectanants,  Its high aaﬁhant of ﬁﬁabﬁ% and arthaalatu,

hawavnw, dofinitsly prove a rhyalltie somposition,

This rhyolitic rock is ungﬁratsd from the northern annw.

tinuation of the uppernost ilvord Ureek beds snd the imﬁarnn

bedded andesite by s vertical fsult which parallels the
goarp. Mo preclse evidence on tha‘éirﬁnhian of movement
wag observed. Thée fsult zone, however, is small and. doos
not suggest great displacement. In the upper exposures of
the mountaln there 1s no rhyolits, elthough the series may
loeslly hasve been capped by aaiﬁierflaru now argded, In
sonsequence, the downthrow of an hygathatiaal acidie GAD
would demsnd a dlsplscement of at lesst four thousend feet,

whioh would hardly be expected on & nerrow almost verticsl

fault sone. An interpretation of wminor upthrow of the esste

ernn block solncides with the exposures in ¥illow Creck
valley sbout two miles to the north. Thers,rhyolite 1s
dafinitely overlald by the later andesite snd yet near the
contast $t sppears to have becn upralsed by & minor simost
vertical feaulit.

Hesr the mouth of the Willow Cresk valley thara are
-aﬁaﬁt&rﬁd exposures of & light grey wnyaiita, which for the
most part is highly keolinized, These oxposures, which con=
£inue for about & quarter of & nlle, &ﬁaw & thickness of

epproximately five hundred fest. They appesr to be formed

¢
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by the ssoumtlation of lave above a vent whieh 12 close to

the present fesult iine,

| Neay the western pergin of the exposurs there appesrs
%o be & poorly defined vertissl feult which has permitted the
ugmift‘br the enstern wall, The displacement sennct be

" ameh more then a hundred fset for the upper surfecs uf the
rhyolite slopin; westward st mbout twenty degrees is expow
#d bensath the overlylng sndesite, Ihils fault presumably

1s the northern continustion of the one previcusly mentioned
in Cottonwood Ureek. The dlaplacement which is tho reverse
of thst ceeurring in the customery step faults 1s sttribot-
‘advta later lsostatic adjustment.,

This rhyolite in #illow Creek shows a fow sostiered
 fa1dspath1u ghenoerysts, up to four sillimsters in length,
in a oryptoeryetslline ground, which axhibite very irregular
flowage, ?boxphcnmaryntn show no twinning and appesr to be
wholly of orthoelese, The Fflowsge in ﬁart is defined by
sinuous lentisular segrogstions at\;@xxtiwnig coarsoly
aryatailina guarts, ﬁa&nwiding with this evidenoae, @
ehenlonl analysis (Tsble V) proved the rosk to Le a rhyow
l1ite, but 1te composition did not slosaly corrvespond with
sny of thoes previously deseribed, Frobably, however, it
{s genetleslly connected with the rhyolitic agglomerate In
Cottopwood Creeks
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iv" 4
Tablie V « Part 1

3111&& RSP RE R SuprpraC———— ?E,@&

&lamtn5 e mnnmwamen 18,64

Ferrous OX1de =m—mmmmme .68
Ferric 0X188 -=cvemseas 470
ﬁm@nmia - s e : o 60
LAIMG o imion o o o i +55
aﬁdﬂiﬁﬁwu;bmwm“wﬁw*mﬂ*” : Quﬁé

FOLRBh mmmmm-smcmasan—m 5,70
Fater above 105 (, wwws 1,50
Bator &% 105 Cu wmw-wwm 1,50

 Carbon Diox1de =essse==  none

Ptanium Diox1de eeemem .10

Fhosphorous Pentoxide -~  tracs

Eﬂlnh“y mmm@mwnmunnumw nong

‘Eanganqs&‘miuxida mewen  EPR0OG

100,16

11
TEO0
14,83

1,28
28
«24

1.28

296

4,86

1400
« 80

none
.18
trage
none
LS008
29,88

111
74450
12445
«83
«B5
«28
l.82
B.88
427

»86

-

- none
trage
+O7
»04
trase
99,98

Iv
76,62
1l.52

1,18
«B2
«26

”“5@

1.80

650
« 80
« 33

trace
» 04
trace
trace
non

98,00

I, fhyolite from the valley of Willow Uresk. Analysts W,

- He & P, Herdsman,

Il fmartﬁﬁrm axtension of rhyollite vent above lascolith
north of Little Alvord Cresk, Analysts W, H. & F, Herdsmen.

Analysts W, H. & P. Herdsmen,

111, Enyolite from the valley of Little Alvord Creek.

IV. Spherulite in the upper platy rhyolite in Toughey Greek.

knnlygtd Wes Ha & F. Herdaman,
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- Iable Ve Part 2

ﬂ#ﬁhnainan e ot
AlDite swmass —
LNOPLRILE ww=ne
Corundum wwwns R
Diopsida wemwwnn —

WO1188L0Nn1LE wawenmmme

ﬁypay‘ﬁhgﬂ” e S

Eagnetite weemmvmwmmnn

Ilmenlte ewowwmmmnmoen

Apﬁtitﬂ A S A -
Sulphulr weewammmmomos

¥oyma galoulated from the snalyses in Part ) -

1
33,72
35,02
21448

2,78
2,14
1,86

«83

»16
S
3,00

———

I

35,24
28,91
25,15
6,12
1.73
S
2432
46
o46

W

160

99,96

i

ﬂﬂﬁﬂﬂ

IIX
31,98
25,58
53,01

.62

2.00
» 35

. 1418

-

« 34
«96

08

100,08

iﬁ - Omeone, C, I. F. W, Symbol, Ivtﬁl*ulnﬁ“# 

11, Tosesnose, G, 1. P. %, Symbol, I."¢."2.(2)8,

I1X, Toscsnose, G. I.
I¥. Nagdeburgose, C.

Po W 3?!&@&; 1448030

1. P. %, Bymbol, I.3{4) 01424

38416
T $$_$$

15,20
2,08
«43

Sy

1«66
1186
81

1.83

-
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hndesitle Levas
Lower &nﬁaamkie Finwn
. Te the noyth of Alvord Creek, ss graviauaiy mentioned,
ﬁﬁfzanaofbnniu andesite, about one hmundred feet in thiokw ‘
n&tx;in interbedded nesr the top of the Alvord (resk Beds.
Aﬁava~tha uppermost tuffe there is another flow of similes
tﬁﬁyuita (Table ?1}‘#hi¢h le w#ii exposed in both forks of
adttamiﬁaﬁ‘ainwk, {Pigure 49) - The exposure uaﬁ be followed
e short distansce southwerd snd then found agsin with similaes
relstionship about snother mile to the south om the northern
#ids of Alvoyd Cresk., (Flgure 50) Here it is exposed for
a&#ﬁr&l hundred yards, In the valley of Cottonwood (reek
the flow ls over two hundred feet thiek, but to the south
1t appeers t0 ba lees than half that figurs, slthough the
bage is not a#pmaud, '

Chemioally the two flows are almost identioal. Petrow
graphienlly the resemblsnce is egqually strong. 'Tﬁaimuﬁk in
both cemes 1s o aﬁrk grey sphanitic sndesits that m&tamhlnt
megascopleally & shilled basalt, In thin sestion they both
show & seriste development of andesine laths exhibiting
warked flow alignment, In most speoimems the faiﬂﬁﬁﬁr forms
about sixty pereent of the roock., The size of the laths in
the lower fiow especizlly varies sconsiderably, The largest
observed is about 3 mm. In length, aithough the sverege in
both fiowa %8 close to .2 mm. ﬁna specimen of the lower |
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| Figure 50. H&rtharn side of the Alvord Gréak valley
| ~ adjacent to the scarp, At the base on the right the
upper flow of basic endesite is exposed., Above it iIn
the center of the view ihe maasivé phase of the great
andesitic flow rises about nine hundred feet,

LN . - I3
. Y ol *

ayt
e

Figure 51. The tuffaceous materiael interstioslal to the
flew breccia of the upper flow of basie andesite %o thd

north of Alvord Gpeek,
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Table VI » Part 1

| I 15

811108 wemmrrcvomsm—————— B5 30 56480
ALUMINE =ammemnmn o n————— 17.80 17.58
FOTrOus OX1de memmmesceeme 5428 8405
Porric Ox1de =-ermemmmmemnn 1.98 .27
ﬂ#gnquia 0 .38 : .52
Ling eceeemmamemmmmsmmnmen . 7o40 " - 7408
BB oo e e 01 s v i o Se02 I,
POLASE wmmremenmmmnnmmmm 1,78 1,75

WntarJﬁbévu 108 Co wwomome #70 | 186
Water at 106 Co wwmommemen 1,10 | «%0
Carbon Dioxide ~ewwwevewose none none
Titantum DIOX1d® memcomenn K-> | .08
Prosphorous Pentoxide ewew » 36 «18
BULPHUP s o ot sy emion none none
Uanganess Dioxide «w-wevwe ey w220
| “ 100,086 99,97

I. Lower sndesitic flow interbedded with tuffs north of
' 4lword Cresk, Anmlysts ¥, H, & P, Herdsmen.
II, uidcle andesitlo flow cepping the Alvord Creek bﬂd@li
in Cottonwood Oreek, Analysts %. H, & F. Heprdsman, |
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Table VI = Fart 2

I S % 4

@h&rﬁa s e i o 4,88 786
Orthoclase s i 4 10.56 10,01
AIDIER wmmmmmm 33,01 28,30
rnopthite ww- —an 28,856 27 .80
Plopside wew-m e e 6. 58 - BaO7
Hypersthene ~e=e - 12,04 1622
Hagnotlite ewswemmmeom o Sa02 +»46
Timenite =wme- S— 1.67 1,98
spatite - it 1.01  u34
T 1s86
= 100,28 29.90

Boroa caloulsated from the apalysesz in Part 1
Te ﬁnﬁbﬂﬂg Gs I. Py %W, Symdol, II,"8.3"."4.
?&!u hnd@nﬂ, Co 1. Pe W S’mxa Ixuti}siﬁuvﬂﬁt
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 flow conteins lsolated grains of ophitie sugite with indle
viduals up to .8 o, in xamgtkﬂ The meximum dimension of
thia'mntia as & rule 13 transverse to the flowage of the
lathe yhish 1t enclosed. In another specimen of the saue
flow there are intersartal greine of a maflec that is pree
sumably suglte., In addition » brownish gless and &n orange
solored deuteric residusl form & comron minor constituent,
In»tha‘uppar fiow the ground 1s & derk rather opague sube
stance that is considsred %o be partieslly degsomposed glrss,
Small grains of magnetite are distributed throughout the
rook, |

The upper one of these two [lows shows at the surface
a vaaieﬁxar flow breccis, Between the coerss Iraguents 1is
& pale hﬁrf‘ualared tuffagecus meterisl thet appesrs to be
derived from the somminution of the brecels, ﬁmealiy the
relstionship indicstes thet the wealeulapr nasaes ware
i#tunlly in the presess of disintegretion snd of alteration
to the tuffaseous msterlal st the time of sonsolidation,
(Pigure 51) lore eomuwonly, howsver, the origin of the
rrgﬁmnnﬁax.mutarial is hidden by & flow alipgnwent that
gurves roughly qre#nd the larger blocks,

Overlying thie brescia is s bed of well stratiffed
-tuffageous materisl which veries from & thlokness of about
tnanuy fest in Cottonwood Croekr %o less than halfl that
figure in the sxpusures on the northern side of Alvord
Creek valley. Aside from i1te stratifisation the materlial
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eompoalng this bed 1s identical Yo that forwing the interw
utialul particles In the brescis. Although the vedding, in
goneral, lp psrallel and quite level, it showe some Ire |
résulﬁritina, whioh are visible in photograph. {Pigure &2)
Iaa orizgin of thess festures wss not Interpretod,

These beds appesr to have formed on the surface of a
flow which wes still iiguid, g§1m relationship is proved
by exposures uamwh.ar alvord Creek where the bedded tulfs
heve looally bm&n sut end upturned by inmrnaianw truﬁ the
underlying sndesite flow, (Flgurs 53) mhas& injestions mral ‘
attributed to the hydrostatie pressure of the still uolten
1mva‘fbraing i1t to esespe through the bresels, uhimh aspped
the flow, #nﬁ thereby to dilsrupt the tuffmseous bade reste

The origin of ths bedded tuffs is not conslusively
ﬂn@urminad,' Their gredationsl relationship with the undere
iying brﬂaain,anggeaha’that they may, at lah#t in pa&t, be
due to the socusulstion of the fine particles of the breccis
at the surface us they were ecarried upwards by the liberat-
od gussecs, ln this ease the bedding might possibly be exe
plained by fxawnga, it, as gn & liguid, the ﬁavemﬁntftauk
plage in plenes parsilel to the sontast, the fragments 1in
sush 2 plane would be comvinuted and thus formed into s
finer bed, No conciusive evidencs of flowage, however, in
the stratified dade man\fnundg‘ In sonsequonce the tuffs

ing oo 1ts surface, S |
are attributsd chtefly to the meclien ssoumulastion of vole
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eaniec ash on the surfsce of a agilm molten flow. The ssh,
however, from 1%& reinti&nnhip‘nad somposition must have
beon contesporsneous in origln with the lave, |

i  The Great Andesltic Fiow

General Relationship |
Directly overlyling this flow there are sxposurses of
messive eolummer sndesite verying in thiokness from five
hundred to mine hundred feet in Cottonwood Greek {Pigure
61) smd Alvord Creek (Plgure 60) respectively. In both
ingtances the measive phase 1z capped by coerse vesiculsy
andeoaitio hwnﬁﬁila sonteining numerous 1injestions @f’éuﬁk
sphanitio andesits, whioh usually curve into a roughly harié
sontal position, This phase of injeeted breceliss verying
from st lesst thres hundred to s thousand feet in thickness
osn be traced northward to Henn Creeok, where it is truncated
by & &wunawnmaa fault, It iﬁ\am@auﬁﬁ for & total ﬁiﬁtﬁnaa of
sbout ten miles, This brecols and its in;aatianu &re oonw
sidered to have been $aimuﬂ as the surfage festure of &
.gmunt vinnan# flow whieb, in the opinion of the weiter, wellw
od above its vent to & meximum thickness of approximately
fifteen hundred feet,

Kesr the morthern limlt of the exvosures, between
Kosquito Creek snd &iﬁtlm_ﬁnnn Creek, there is evidence that
thie great mess of iava developed 1ts own subsldisry volesnie \
@&wivitw*' In thi&‘iﬂ&uxity both elnder sones and flows

osour ‘above the injected brecclss, These voloanles e oOne
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Figure 52, Bedded tuffs on the surface of the flow breccis
capping the upper flow of basle andesite north of Alvord

/ Creek, The hammer marks the horizons showing the unex«

i plained irregularities.

—

_Figure 53. The tuffeceous beds upturned by the local in~
-~ truslion of the,aﬁdeaite from the flow on which they rested.

A similar intrusion is exposed in the background on the left,
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sidered to have been formed bﬁ the 1ava of the great viscous
mass breeking through the poorly comsolideted brecciss that
anpﬁed it¢ Farther to the na&th, similap satellitic flows
mny‘bﬁ present although no definite &widsnaé was observed.

The vent charasteristics of the andesite are bast ex«
paaaé st 1ts southsrn end wha%a it cuts the uparched Alvord
Creek Bﬁéi’&ﬁd the northern mnrgia‘ax‘thn:Pike Creok volw |
esnics, ‘Thﬁ rounded southern énd,af this large andesitie
vent Is expossd on the northern side of Little Alvord Creek,
d¢ireetly in line and in eontact with the northern emd of the
praviaualy described rhyolite vent. Evidence éf the north-
orn mergin of possibly the ssme andesitic vent ia noted in
&}varafﬁraak.‘ Sorthward eroslion has not sufficlent depth
tu‘axpnsa a source, although features in the overlying lave
ta#tify to the presence either of an elongate vent paralliel
to the ﬁe#rp or of a aeﬁiay of vents along & continuous line
of weakness, | | | |

The low degres of crystalllzation testifies to the high
viscesity of the andeaite. Away from the vent it would there-
fore be &#pﬁcta& to decresse rapidly in thiekneaﬁ; The to-
pogrephy permits 1t to be traged only to the wesai, and for
mareiy‘; mile or 8o at tha‘maatﬁ ﬁ;va rale the upper limit
of the andesite 1s hidden by the t&lu@ from the overlying |
basaltle flows, Whers 1% 1s exposad, however, it\sﬁauu ,
thin ihﬁﬁ?n of basslt sbutting &g~&3-.ﬂ$‘§ a surface that alop=-
84 at about fiftsen degrees. {Flgure 77} HNo evidence was
nbaer&ad‘ta‘inéinate an erosionsl Iinterval prior to the
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oxtrusion of the basall,
Vent Charseteristics

Owing to the complexity of the geology in the walley of
Littl& Klvord Creck s brief rgw!ww of some of the faots

. alvesdy stated may be necessary to ensble the resder to

gresp the relatiomenhip of the sndesite, On the northers
sids of the velley nesy the searp, the Alvord Creek beds
sre exposed dipping southward. This deformation is due to
ﬁha rhgplitia 1secolith, whieh outorops on Eha~mntngaﬁivﬁi
sbout # mile to the north, On the southern uiﬂn,afltu# valley
n'raugnly‘harasumtni rhyoliltic flow maﬁviy four hundred feet
in thickness forms a presipitous cliff, Although the stream
has eroded the sontaet, this flow sust have sbutted against
the dip siope of the southern 11sb of the luseollith, At

not mﬁra~uhan e belf mile from the scerp the rhyolite fiow,
whioh has been referred to &s the Little Alvord Creek
™hiyolite, developss definite went ahumusturittiauﬁug&EQV$
this vent on the northern slde of tna\vmlleyﬁ wblﬁa*tufru*
secus material injested by perlite rlaes sbout two hundred
feet highey then the surfage of the flow, On the southern
aide ar'iha wamlﬁg, this fiow i3 overlald by the two blotite-
dseite flows that osp the Pike Cpeek wolosnie, The lower of
these two fiows also outerops on the northern side of the.
valley. '&h« surfeace of this flow 1s slightly higher than
ﬁhn‘tﬁttapaaua‘ma&arinl ﬁﬁ&t merks the vent for the under-
lying iﬁyﬁlitag, A few hundred yards north of the walley
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Pigure 54, The rounded exposure in the center 1s
formed by the southern margin of the great ande~
sitic vent on the northern side of the valley of
Little Alvord Creek, The upper part of the rhyo~
1itie vent outcrops on the lower left at ebout
eight hundred feet below the basaltic flows which

form the cliff et the top.
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(
| Fi.gur’@/ éfa. ' Reddish andesitic bréacias in the
1 eent_;ér of f&ha andesitic vent north of Alvord
Gr#k. On} the right is a platy injection with
-ﬁjﬁtiaal ;’ipintlng.f A figure in the foreground
oifn the 1,&% furnishes the scale.
( 2
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least in part, by the abrupt mafginvor 8 viaéous flows In
general, however, the exposure ls considered to réprﬁaant
andesite wellling from & vent into e flow which naﬁa the
dacitae. |

Further to the west on the north side of the valley of
Little Alvord Creek the sndesite may be observed in scatter=
ed exposures beneath the busalt. Tho'a'eutaropa lack the
vent charascteristics, In splte of the' fact thnt sone of them
are at the same level s ths-uppér decite on the opposite
side of the valley, théy are considered to be part of the
andesite flow, Uhere the canyen of the stream interscets
this seme horizon of andesite at sbout two milees from the
searp, platy flow ctruatﬁre and red brecclss again itrongly
suggest a locus of extrusion.

This locality is about & wile and a half due north of
some small sndesitie intrusions of the dark glassy type,
that are exposed cutting the declite in éhe western part qt
the velley of Fike Creek, It is possible that together they
~may mark the positiom of another -erieu of vents on a north
and south line of weskness, If so, however, they are cone
tewporsnecus in their setivity with the meln ones to the
east, o :. | ‘

To the north only the upper part of the endesite is
exposed in the relatively ahullaw‘vqllty formed by the south
fork of Alvord Creek. These exposures show considerable

verticsl plsty jointing that suggests the continuation of

i
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the zain vent, but erosion has not sufficient depth to dis=
¢lose a crosscutting relationship. On the south aiﬁe of
Alvord Creek, (Figure &6) however, there is a magnificent
exposure of eolumnar andesite, showing individusl columns
over three hundred feet in helght. Although the upper exe
posures are not distinet the columns appear to extend upw
ward for over twice that helght, Downwerd on the eésstern
#ide of the exposure they curve eastwspd and b&&éma»pmo~
gressively reduced in size from about four feet to approxi-
mately six Iinches in disveter,

To the north at an elevation several hundred feet lower,
curving columns sre exposed at & weter fsll in Alvord Creek
diniﬁg northward to an unexposed cooling surfsce, ‘(Figura
§7) 1These two locslities ere consldered to mark points ade
Jacent to the rounded end of a brosd filssure iike vent which .
may extand‘continnounly to Little 4lvord Creek, The wall
rock presumably 1s formed by "the Alvord Ureek beds which are
exposed to the east, |

Withinvabout two hundred yerds to the east of the msin
éxposure & small elliptiesl intrusion of dark aphanitie
andesite cuts the tufi's, The outlina 1s roughly about one
mundred by one hundred and fifty feet agross, (Figure 88)
Two simlilar far smaller intrusions are exposed within a few
hundred yards to the south, These three voleenic nesks 1ie
almost precisely on a com:zon north-so.th line which thelr

major axes parallel. In like menner the vents, Ilrom whieh
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Figure 57. The curving columns at the northern

margin of the andesitic vent in Alvord Creek.

Ve,

3 24 ¢

Figure £58. View of the southern wall of Alvord
Creek valley showing the great andesitic vent on
the right, and the largest of the series of

smaller intrusions on the left.
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the great mass of lave was extruéed, way have occurred et
intervals along one main line of tensional weskness,
"he bese of the great flow is exposed on the northern

side of iAlvord Creck valley directly oprosite the eurving

phaee of the magnificent columms, which presumably marks the

_margln of one of the maln necks. Farther northward it 1s
aisa exposed both in the velleys of Cotionwood Creek and

. %1llow Creek, but to the east of the zone in which the‘and§~
site exhiblts vent charaeteriatics; consisting of the typi-
cal vertlcal ﬁlaty Jointiﬁg accompanied by brecclation, it
the mouth of Little Hann Creek there are expossd inclined
sndesitic tuffs, (Figure 59) whilch represent the lip of &
‘crater, from which the lave was probably in part extruded.
Ilsewhere the base in not visible., 7The discordant relation-
ship of the voleanle necks, from whieh the andesite was
derived, 18 apparent only where the flow thine to the south
a8 1t overlles the more elevated ilvord Ureek bDeds snd the

Pike Creek volecanlics,

assive Fhase |
On the northern side of Alvord Creek a preoipitaua =5 O
posure of messive sndesite rises ebout nine hundred feet.
(Figure €0) - Towsrds its base thils exposure also shows
megnificent colummer jointing, The columne which are preé-
dominsntly rectangulsr aversge nine to ten feet in dlameter,
Although the Jointing mey locslly be traced slmost to the

top of the exposure, it ls lost to & great measure in




Figure 59. View of the main scarp at Little

Mann Creek showing the tuffaceous deposits
beneath the andesitic injected breccias. To
the right beyond the margin of the picture,
the beds dip in the opprosite direction, pre-
sunably due to thelr deposition on the 1inner

slope of a creater.




Figure 60. The massive phase of the great
andesitic flow north of Alvord Creek, The
exposure 1s about nine hundred feet 1in
height. The columns average at least ten
feet in diameter. The local absence of
columnar jointing in the upper part is due

to deuteric alteration,




162

irregular zones of alteration inlthe upper part of the mass,

To the east, for seversl hundred yards, this maassive
andesite overliee the well defined lower flow which is aappad
by the previocusly mentioned thin bed of tuffs. In ﬁenernl;
the columms show here & subsidiary noriz&étal plntj‘ntructura
that was probably Induced by the flowaze. To the west, the
lava may be traced into the western extension of the pre=
viously described eolumnar andesite exposed on the southern

side of the creek. Northward tﬁa uwassive andesite outerops

eontinuously ror about another mile to Cottonwood Cresk.

- 8t111 overlying the lower andesitle flow and the capping

tuffs, it 1s exposed in both forks of the stream. (Figura'61)
Here, however, the colummsr phase has thilnned to sbout five
hundred feset in thickness, Locally it retsins this thick~-
ness quite consistently. The s&bsence of exposures on the
gcarp prevent it from belng traced northward from Cottonwood
Creek, Two miles to the north in ¥illow Creek it does not
ogcur, although stratigrsphieally at least the upper pert of
the horizon should have been exposed,

The only other exposure of thils manai#e_phaae or_thé
endesite is st lNann Creek, (Figure 62) where the outerop is
trunceted by & transverse faulﬁ. ilthough 1ts bsso 18 ﬁét
visinle, this exposure has & vertical exitent df neaprly four
hundred feet, 7The jointing of thils andesite 1s rot well de-
fined, but 1t shbows dia£1natxy both oalumna}and horizontal

platy Joints,




Figure 6l. The north fork of Cottonwood Creek,

At the bgse, the upper flow of basie andesite is
exposed., Above it the tufiaceous bed is visible
beneath the columnar phase of the great flow,

The more poorly defined upper exposures are formed
by the injected breccilas, On the left the basaltic

flows form the c¢liff at the top.




The columnar andesite in the valley of

Mann Creek. Above on the left the injected breccias

are visible. In the distance the basalt is exposed.

Figure 63, Andesitlic injection on the northern side

of Little Dry Creek curving to the horizontal,
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. Aside from a strong similarity in the rock, these ex=
posures of the wmassive type show at the top a light grey
highly keolinized phase with 1rrogﬁ1ar small ecavities, whieh
sug-ests strong deuteric ges a¢tioﬁ, Dowvnward thils gassed
zone grades into the normel roek, Unfortunately this light
grey porous rock 1s easlily eroded, so that its contact with
the overlying andoniﬁe 1s masked by soil. Thils ovarlying
phase conslsts predominantly of reddish vesicular andesitiec
brecelas injected by Intrusions of rather glassy dark gray‘
andesite with very platy jcinting; These persistent exe
posureés are roferred to by the writer as the injected
breceias,

In the three localitles where the massive columnar type
occurs, the rock is extremely similar, In spite of 1ts
great thickness 1t is always remarkably aphanitiec throughe
out. "here fresh it 1s of a falrly dark grey, but the
gessed phases range from light grey to greenish or even
reddish shades, Although 1t shows minor variations both in
texture and in the content of small phenoerysts, the varie
stions #re almost the same in their relationship in each
locality.

The gassed kaolinitic phase at the top of the columns
econtains megascople crystals of & brownish amphibole. This
mineral, whieh has many of the properties of barkevikite,
forms, at the most, close to five percent of the rock. The

largest of these phenoerysts in the great axpoaﬁro’norfh of
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glgaé.vﬁﬁt is formed largely or'gndiutlnut feldspathie
materisl filled with opague dust that 1ls thought to be forme
sd of magnetite and kaolin.

H1th greater depth the texture in some specimens be-
comes siightly coarser and the szaller laths average at
least .2 mu, in length. In most speclimens, however, the
sxaller lathe, without irncreasing in elze, become 111 du*
fined snd irregular in outline, The fine eryptocrystaliine
groundmass, thus formed, may sppear blotehy in thin sestion
owing to loeal kaolinization, whieh otherwilse does not
sffeet the texture, Nesr the base of the grest eolumns in
Llvord GCreek the content of plagloelase phenocrysts locally
diminishes, Iere the orystals are lepgely fragmental, In |
spite of these emall veristions, analysis of a remerkably
fresh specimen from the uppermost hornblendic zone colinecides
almost exectly with an analysis from the base of}the columms
sbout nine hundred feet below, (Teble VII)

Injected Lrecclas

Veslculsr brecclas and aphanitic lavae injected into it
forw the most persistent phase of the andeslte snd are ex-
posed continuously for at leust elght miles, Uaually these
injected brecclas vary in thickness from ebout six hundred
to a thoussnd feet, The base, however, ls exposed only
where it overllies elther the previously described massive
phage or sore andesitlie tufisceous beds exposed low on the

scarp between Little ¥snn and Little Dry Creeks. These beds
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Figure 65. Injected breccias on the southern side of

Little Dry Creek. The brecclas form the more resistant

htly sinuous course of

massive exposures while the

the horizontal injections is defined chiefly by thelr

erosion.

P

Figure 66, The scarp south of Little Dry Creek. Owin
to the roughly horizontal injectlions the breccia re-

sembles a series of flows.
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irregular highly ﬁorous surface %hat ususlly has been OXle
dized to e reddlsh shede presumably b} the voloanic gsses,
In numerous examples the blongatian of the ves'cles indi-
estes that the flowsge came from the position ﬁcw ocoupied
by the underliying vesleular breccia,

This 1rregular slternation of breeciss snd injections
may be repeated continuously in the eame section with marke |
od similapity, although verying in detaill, Loeally, how~
ever, the horizontsl injectlons may not be present. In-
stead in a2 well defined vertical zone the breeccias may be
found to be relatively homogeneous for & helght of many-
hundred feet, On the other hand in the upper part of the
northern exposures, there are locally masses of andesite
that arc definitely formed by flows, Other masses, however,
show & grédatiqnal relationship to the underlying brecclas
and sn outline that appears tc be too irreguler for a flow.
The origin of this type which is not conclusively detercined,
will be discussed later.

The upper ost injections exhibit echarscteristically &
spinous jointing parallel to the diraatibn of flowage. This
phase is of a dark grey cclor and shows & dull vitreous
juster., in thin seetion it uaunlly shows minpute feldspathile
mierolitan. avereging about +08 mme In length, in a dark
opague ground, In other very aphenitie types en ineipient
feldspathic crystallization in broader flakes glves the rock

in thin section & mottled appearance.
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The more comunn'platy types ;re rather almilar petro-
graphicaliy-to the messive colummar rock slready described.
It invarisbly appears to menifest a seriate development of
the andesine laths, the lergest of which seldom exeeed 1 mile,
while in the main mass of the ground they average Irom .1
to .2 wne The ground is elther glassy or cryptoeryatglline.
iIn elther csse 1t 18 high in magnetite dust, 4s in the co=
lurner type & few small erystals of pale greenlish sugite
end of orthorhomble pyroxene are usually present, but at
the most the two together do not constitute ae much as five
percent of the roek, The brown amphibole charscteristic of
the uppernost kaolinized zone of the massive andesite weas
not Qb@arred in the ;njectiona.

Chenieally & specimen from the uppercmost injections
north of ilvord Creek proved to be very simller to the
analyses of the upper snd lower phases of the underlying
massive sndesite. (Table VII) The grestest dlscrepancy
lies merely in the fset that the content of both the iron
and the msgnesla 1s slightly more than one half of one
pqraant greater in the platy injection than in the massive

ph& 80

The Mode of Origin of the
Injected brecclas
The andesite 1s considered by the writer to have bee¢n
extruded from &n élongate vent or a series of vents parellel

to the present scerp. 7The lava owing to ite great wass end
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to 1ts high viscoslty, 1s though% to have welled into a
thickness of spproximstely fifteen hundred feet. The
upper surface of this lava would have chilled very possibly
to a vesleular gless while the extruded material beneath it
wee stlll increasing in depth. 48 in the formetion of s
flow bregcls this surface would heve teen broken by the
movement of the lave,

The irncreased viscosity of the partially ehililed near
surface lava would have ecsused the retention of the vola=
tiles, which, instsed of belng concentrated above the vent,
would heve been diffusad through the overlylng lava, The
surface of the flow would have formed ithe logleel release
for the incressing geas pressurc, This pressure in the
oplnion of the writer would heve caused the injection of
the uppermost still fluld lava into the overlying breccis,
On intruding the unconsolidated brecclas, the injections
would hﬁvé curved into the horizontal peositlon in & manner

' perhaps similar to the experiments of Chamberlin and

Link.(46) - These experiments showed that liguid foreed up~

(48) R, T. Chamberlin and T. i Link, "The Theory of
Laterslly Spreading batholiths,” Jour. Geol., Vol. XXXV
{1927), p. 342,

ward through artificial strata, not subjeet to compression,
tends to spread lesterslly In the unconsolidated horizons.
Heppening probably with explosive violenee the indi-

viduel Injections would heve caused & releasse of pressure
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in the still fluld lave imnedisteély below. This would have
resulted In the expension of the volatlles. This expansion
would heve formed a veslcular lava st the base of the Ine
jeetion and at the same time would have induced a reduction
of tenperature csusing imnediate solidification. The upper
pert of the injectlions would have been too viscous to permit
8 liberation of the volatiles, The platy jolinting alone
testifies to great.v!scaaity, which was so extreme that open
cavities are present loecslly between the contorted lamlinaw
tions at the nose of an injectlon.

The extreme fragility of finely vesiecular glassy lava,
formed at the base of an Injectlon, would permit it to be
easily brecclated by eny movement in the underlying lavg.
Wilth & period of quieascence the volétiles would again have
accumilated, Hising into the vesicular breccla they would
have tended to alter 1t to the reddlsh shades so comzon in
near vent lava, With sufficlent Increase of preanure,kinm_

" jeetions into the overlying breccls would again have occurr-
ed,forming more vesicles at the base of the solidified cap.

In such mannef, the greduosl solidification of the great
flow progreesing downward from the surface might haie been
eecompanied by a perlodie repetition of 1njectiona and
brecclss, which would have formed a continuously thickening
cap of sollditied lave on the stlll molten underlying mass,
The great columner phese previously deseribed would be forme

ed by the solldifieation of this underlying mess, 7The highly
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kaolinized and porous upper surfdce of this massive lave is
attributed to the retentlon of volatiles beneath the capping
bréccias. The presence of these volatiles would also explain

the local crystallization of an amphibole.

Subsidlary Activity

Ffom Little Mann Creek to Little Dry Creek at about
elght hundred feet above the lqwest exposures of the inject-
ed bféccia a persistent bed of:stfatified tuffs is exposed
at numerous places lying on the top of & breccia. (Figure 67)
Although the bedding is well defined the horizon is very
irregular in its 1ncliﬁation. 'ﬁn spite of this distortion
it retains a relativeij uniforﬁ{thicknesé varying from about
two to five feet. ‘  i »

This thin layer oﬁ tuffs ié thought ‘to have been formed
as a deposit of ash, eitruded od top of the 1njected breccias
from satellitic vents ¢n the surkace of the graat flow., The
subsequent movement in‘the surf&¢e of tbis maqa of unsolidi=-
. fied lave, on which 1t rested, w&uld have'cauaﬁd the dis-
tortion of the bed. \\ L0 ‘ﬂ

Uaually the thin undulating borizon Jk turfs is direct-
ly overlaid by e mass of andesite]@ne hundwed ﬁa one hundred
and fifty feet in thiekness. Thip lava shoys 4pproximately
horizontal platy jointing, uodifIEd mowards\ita\base into
irregular columnar structure. Thaﬁ {his upp&r ﬁaas is later
than the underlylng tuffs is indicﬁteﬁ by the m; that be-

neath the thin layer of breccia, %ich marks $tﬁ base, the

U i b { ‘
1 b\ - L
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tuffe are indupsted and altered_éo & shade of orange red
’that ig‘eapeeislly intense at the upper eontaet.’

A% 1ts surface this flow shows irreguler irjeetions
into-a% overlying cotrse veslcular breccis whieh In turn 1s
overlald by more stretified tuffs. (Filgure 63) This cone
tact 1s gradetionel, for the fine greylish buff colored
tuffaceous waterial contlnues downward between the blocks of
the brecclz, 4As in the cese of the underlying andesitie
flow at alvord Creek snd Cottonwood Creek, small fragments
broken from the mergins bfﬁtheae blocks arc ineorporated in
this meterisl. Although some of the tuff 1g thus derlved
frou the brecels, many of the fragments arc of & non= -
vesicular dérk glassy andeslite, thet must be derived from an
seollen orligin. In the valleye of Little ¥enn Creek and
Little Dry Creek, the Injections from the underlying flow
have intruded the brecclas (Flgure 65 & &9) and the overe
lying bedded tuffs,.

On the north side of Little Mann Creek these tuffs are
only about ten feet in thickness. Traced southward, however,
they prove to be the direet continuatlon of the ash frou a
einder cone that thickens gradually to the south until it
reaches & thickness of several hundred feet on the divide
between Little Lenn and Little Dry Creek. (7igure 70) The
bedding of these tuffs 1s here inclined northwsrd st about
thirty degrees. (Figure 71) 7o the south of Little Dry Creek
the tufis have been largely stripped by erosion, but the
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Figure 69. In the center the upper part of the
satellitic flow may be seen injecting the breccilas
underlying the northern cinder cone in the valley of

Little Dry Creek.

Figure 70. A section of the northern cinder cone on
the northern side of Little Dry Creek The c¢liff on

the left is about two hundred feet in height
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Figure 71, The northern limb of the northern cinder
cone on the divide between the valleys of Little
Mann and Little Dry Creek. The beds are inclined

northward at nearly thirty degrees.
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surfece of the coarse breccla on ¥nieh they lie gradgally
riaaé on a 8lope dipping northﬁard'ftlabcut five dogrees.
The northern pert of the sumcdt of the Little Dry ureek
-diviﬂekaObablg forma the center of the vent from which
trese cirnders were extruded. On nt least three sides thégg
bedes dip sway from thile pcint. The cone, however, appaa£§
to be ssysmetriesl, for the northern slope is several t1m¢q
more elongate than the southerr one whleh ends 1mmaﬂ1atai%
to the south in Dry Creck. .

The setual vent 1s not clearly exposed. JNvldence as ‘
to 1ts position, hawever,‘ia sugpested by & red pinmacle. L
whieh rlses over 'a hundred feet above the slope on the ao}thé
ern side of the divide, Thls pinnacle is formed of turfaz
¢eons @aterial that has been indurated by & broad andeslil
dike. The tuff contains coarse elongate messes of veslw H‘
eulsr lave that froxm thelr irreguler shape and from thei%;=
inclinatlion to the north may be expleined es being do» ﬁ
poslted ss semifluid masses on the inrer slope of tha orﬁtarm

The sndesitic dike which trende approximetely nortn
and south, 18 an elongate vertical usss with platy joimding
parsllel to ite margins. This mass whieh ls fifty faoﬁ wr :
more in thickpness esn be traced for several hundred yar?s;{
cutting through the inelined tuffs. On being traced dm\m
ward, 1t was found to cesse abruptly at the mergin of the
underlying breeeia, (Figure 72) The exposure is on & steep

slope, but unfortunstely 1t could not be determined if the




Figure 72, The north fork of Dry Creek is on the right.

To the left above the injected brecclas, the inclined beds
of the northern cinder cone are visible. The dark pinna-
cle on the divide to the north is a remnant of the inner
lip of the crater. The depression to the left of it is
formed by the broad andesitic dilke that ends abruptly at
the top of the breccias. This fact suggests that the

surface of the great flow had solidified only to that depth

when the satellilitic eruption occurred,
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intrusive mass ended In depth or in 1ts horizontal extent.
It is possible, however, thet at the base of 1ta exposure,
the dike mey have reached the margin of the megmatic source
from which 1t was cxtruded after the solldificstion of the
surface of the great flow.

To the south between losguito Creek and Dry Creek there
1s another clnder cone which is fer meore clearly defined.
(Pigure 73) Tha'coarse tuffaceoua beds, rising sbout four
hﬁndréd feet in height, dip guaquaversally &t about thirty
degrecs sway from a central neck (Figure 74) of verticslly
jointed platy aphanitic andesite of a dark grey caldr. The
actual vent thus indicated 1s about one hundred feet wide
and three hundred feet in length, with 1ts lerger axis at
epproximately North 30 Vest, 4t 1ts northern end two snall
dikes of glassy andesite cut the cone, These are both
roughly perallel to the elongation of the neck. One of
these extends for only a short distance, but the other can
be treced for a couple of huﬁdrad yards,

With the greater loecslization of the c¢inders about the
vent, the slze of the fraguents averaged decldedly larger
than thoseé previously described, 7The larger masses range
up to s rbat or more in dlameter, while many of the beds
cantain fragmenta two to four inches across, Elaeck aﬁdem
sitic zlass was found to be more comron then in the northern
cone, The inelined beds, like those to the north, rest on

a2 veslcular breccis that caps sowe massive lava, This lava,



Filgure 73. The western part of the southern

cinder cone viewed from the neck.

Figure 74, The neck of the southern cinder cone

showing the typlcal vertical jointing.
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whieh is loecally closé to & hundred feet in thickness, shows

& gradational relstionship to the underlying injected brecci-
as without the presence of the Iintervening tuffseeous bed
observéd to the north.

BEetween these two cones and slightly td the west, more
andesitic lave 18 exposed in the Dry Creck valley overlying
the inelined tuffaceous beds. The iap of this andesite 1s
almnsﬁ at the same elevatlion as the sumnit of the two cones,
From its stratigrephle poeition, this lava 1s evidently due
to later extrusion, It.contiltc of an alternation of platy
andesite and of vqaicﬁlnr breeciss whieh have suffered minor
injeetlions of glasey andesite, Although the Injections are
small, thef were found to grade into underlying vesleulsar
bresclas, To Judge from 1lwited exposures 1t would be
dirficult to differentiate thls phase from some of the lower
injected breccles, This lava mey well have been extruded
from the endesitie dlke exposed to the north, The proximity
of thies vent msy have permltted a rapatitian of the periadia
formation of 1ﬁjeotione and vesiculer breccias similar to
thet postulated for the lower horizons,

To the south, in liosquito (reck end ¥Willow Ureek, ox-
posures of the upper part of the sndesite sre not sufficlient-
ly persistent to permit the recognition of flows thet way
cap the injected brecclia. 1In Uotﬁanwoad Creek the evidence
does not suggest them, 10 the north of ﬁlvcrd;Craek at

sbout three hundred feet above ths great exposure of massive
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&gdoaitu there 1s an 1rragular‘m$sp of plety andesite thet
13 1¢¢611yjabout three hundred feet In thilckness,

This mass (Figure 7&) shows an Iirreguler relationship
with the typlesl injected brecclass that bound 1t both above
and below, Its lower contset, where observed, shows a
vesicular gradation to the breccia with verticsl elongation
of the vesleles, while the upper contact shows a'black
glasey andesite with spincus jolnting injecting into the
overlying breccla, This highly chilled lava was not obe
gorved lower in the section, Deneath this phese the mass of
lave exhibits irregularly inelined platy jointing which
locally 18 modified by rough ecolummar structure,

Thia.maus and others similar to it poaaibly have been
forzed as flows, but thelr pecullsr contacts and relatlione
ship sugsest that they mey be the ehilled neer surface phase
of the grest andesitic flow, In this case the gradation to
the underlying breccls migﬁt possibly be explained by the
raising of a relatively thin cep formed of both solidified
end highly vlscous lava, by the gradusal accumulation of gas
ben&ath 1t. With the loecal liberstion of the gas, thils
great bllster would heve collepsed, but the momentary re=
lesse of pressure would hsve permitted the frothing and the
golidificetion of the lave adjscent to the cavity., The
 4mrediate slumping of the roof would have breecciated this
veslcular mass,

The reising of the cap would thus axplnin.tha indi-

eations of verticsl movement at its lower contset, while the



Figure 75. The northern side of Alvord Creek
valley viewed from the south. The top of the
great columns is exposed in the lower part of
the picture, The badly gassed phase is par=-
tially clad with juniper. Above the shoulder
are the injected brecciass. The hypothetlcal
origin of the thick mass of platy andesite, ex-
posed just below the summit, 1s considered in
the text., This mass shows a maximum thickness

of about three hundred feet.
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tension to which’tﬁbtmaaa would ;ave peen submitted might
asecount for 1is horizontal plety structuré. sdjacent to the
hypatnatical gavity the lower mergin of this c¢hillied oap
would have gresded into the wore fluld vhase, which would

nave becoms vesleular on the release of pressure.

. Foreign lsterial isssocisated with
the Andesite
sside from the festupes already wmentloned, the phases

exposed in each valley are @ repetition of the same genersl
types. In the north fork of Cottonwood Creek, however, at &
few hundred yards to the west of the uppermost exposure of
the massive colummar lava, stratified aoidio'turfs aprc exe
posed near the stream bed. These arc overlald nonconform-
ably by & broad inelined mass of asndesite, which has 1n§
durated them. (Figure 76} The lava, whieh shows platy jolinte
ing perallel to the contect and irregular eolummsr jointing
parpeﬁdieular to 1t, onds above he an injection into an over-
1ying breccla, The tuffacoous sediments are 1n a tilted
mess thet 18 sbout twenty feet 1n thickness and seventy feel
{n length. it thelr western end thesc sediments are ulso
ipdureted by an endesitlc ureccia, which underlies them,.

. These isolated sediments are at least seven hundred
feet above the uppermost stratigrephic level of the Alvord
Creek Deds whieh they resemble in thelr content of quertsz
and blotite. The local presence of these stratified tuffs

18 considered to be due to & large block of sediments
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carried upwards by the andesite pising in the vent, which
probebly closely underliles them, %“ithin the disi&nce of a
hundred yards both the massive basél andeslte and the overe
lying injected breccles show warked veutlﬁhanaoteriétida.
Thaae:eoneiat of the vertieal jointing in the wassive phase
and of the presence of a remafkably honiogeneous breccla in
a persistent vertical zone about a hundred feet in width
and nearly a ﬁhouaand feet in helght, '

Possibly a somewhat simller explanstion hay ageount for
the presence of fragmental meteriesl of a forelgn nature in as-
soclation with the andesitie tuffaceous beds at the base of
the massive phase north of iAlvord Creek, There, fraguents of .‘
rhyolite, fossll wood, and acidic counglomerate, iimilnr to
some horizons of the Alvord Creek beds, occur as float ad-
jaecent to the exposures of the tufis, Although the fraguents
were not found in situ, they are thought to be derived from
the weathering of the tuffsceous deposits. Froh this 1n£ar-
pretation thelr presence must be due to explosive voleanie
action and possibly to that phase which may have ilmrediately
preceded the extrusion of the great flow,

Steens iJountain Basalt Che .
 Relationship to the indesite
The andesite snd the Flke Creek volecanles are capped
by & great serles of thin basaltic flows (Figures 7 & 78)
thet extend to the sumnit of the mountaln, sbput three
thousand feet above. 7This grest thiclkness, however, ls far |
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fror a maxioum tigﬁra as the naéﬁavant rhases of the earlier
voleanics, on whieh the basalt rests, prqbably formed a
marked topOgraphicuf@agure at the time of thisAlnter exa‘
ttuaioq. | N

Aithauah the uppermost surface of the underlying undé—
site fluctustes ss it 1s treced from divide to divide, it
reteine in general a relatively uniform elevation., To the
south, the top of the Plke Creek volcanles 18 slmost at
the same level, Trqceé westward into the glselal cirques,
the upﬁer sﬁrfaee of the andesite decresses graduslly In
elevetion on a slope that locally atteins en extreme ine
elinat’on of about twenty degrees, (Figure 77) The thin
flows lap agalnst thie inelined surface,

Only to the south of ilvord Creek was the asctual bahall
eontect of the basalt observed, There ﬁhe surface of the
endesite, slopins westward, wee capped by & slight thickness
of poorly stratliflied andesitic tuffs, The oontactllq'sOmew
what irregular, but showsd no sugzestion of promounced
erosion, Llsewhere, viewed from & distance, the gently une
dulsting 1ine, demsrking the basse of the bessit as 1t abute
‘sgainst the andeslte, sugrests that the domed structure,
formed by the eccumuletion of this viscous lava, was prela-
tively unzodified by eréaian at the time of the later exe

truainn.

Genersl Deacription

This series consists chiefly of thin flows of cosrsely
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noloerystalline olivine basalt off a rather light grey color.
This basalt is distinetive in the field both from & peeculliar
porous texture, thet will be described later, and from its
local'gontent of phenocrysts of labradorite ranglng from
about dne to four céntimeters-inilangth. These flows have
been found to vary from about one to seventy feet in thick=-
ness, but average close to ten feet. (Figure 79) Although
most of the flows retalin their thickness at least loecally
without any marked variations, sowe of the thinner ones
end in contorted vesicular masses. In other'places two or
more sheets of lava appear to merge together., (Figure 80)
A well defined contact may, therefore, disappear on being
traced laterally. This is considered to be due to the
advance of a sheet before the complete solidifieation of the
surface of a lower flow, which was approximately static.

In the lower cirque of losquito Creek at the base of
the series there is & bed of well stratified grey turfs
about ten feet in thickness, Higher in the section there
are at least two still smaller beds of buff colored tuffs
that are very local in their distribution. In iAlveord (reek
" almost in the center of the basaltilc saries,vthere is inter-
bedded & thin mass formed of a black rather vitreous rock
whieh contains thiek laths of andesine about 2 mm. in
- length., Chemical analysis showed this roek to be an ande-
site of intermediate composition. (Table XII) Owing to

poor exposures it was not determined if this mass was 8
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flow or a concordent Intrusive, ‘Astde from these emall
units, which probably comprise nc more than thirty feet of
an eéentire ee@tion, the consecutive flows apgaaf to be in
parfoct ébntinuity, for flow bﬁeecide and-baaalttc eloctaw
zenta are practicnlly negligible. |
Unlike the Columble FRiver bHesslt, these flowe do not

show solurmer structure, slthough they are cut by roughly
- verticsl Jcint#, wnleh form trosd gently ocurvinz surfeces,
These intersect irregulerly and bound blooks, whiech, even
in thin flows, sre {requently found to be rdur or f!ve foet
in dlameter. In general, in spite of the thinnese of the
flows, the jolnting Irom 1te cosrscness, superfielally re-
sembles that of & plutonle rock more than that of a lovae,
'&ama of the major joints have slso susller systems norcal to
thelr surface, |

| {n steep ¢liffs and pinnecles the Jjointing ceuses each
fiow to stund out distinetly, but on the slopes where the
rock has beon aubgéetﬁd to the abrasion of ellding tslue,
kt.xw flows arc bevelled to & feirly smooth surfase. (Figure
88) Usually 1n this cuse they show ho tﬂpographie OR -
'preknion although eontinuously exposed, Thias uniforn bevele
1irg le due to the relative softness of the roek, Owing to
this variation in eroslon, the sharacter of an aéxposure may
shange so sharply thet 1£ may sug.est srronesously tha

prénencm of & fault,




197

L
DMetritution

Owiry to thelr exceptional fluldity these basaltio
flows heve devcloped very distinetive textural pesulisri-
ties, Qlthaugh both thelir mineraloglcal snd chemleal coue
rogition le for the most pert guite normel, These chare
aotoristics, which will ve deseribed lster, distingulish the
rook easily fro:x flowe of the Columbie KHiver Hasalt, Unn»
fortunstely some of the textural peculisrities sppesr to
have persisted Iin the region over a considerable span of
timo,‘ror slziler flows in & number of instances sre widely
sepaprsted stratigraphiesliy. 4% 2 whole, however, the
oecurrence of 8 rether thiek series ahéwinﬁ the more dise
tinetive chspructeristics peprrite & falrly definite corre-
lstion, which 1s especially jusﬁified sirgce & wide dietrie
mtion Hm&y be aipecte«.ﬁ from the fluldity of the lsva,

Un the esstern scarp of Steene and Fueblo Yountein,
these flows ar: exposed almost corntinucusly for e distence
of about & hundred niles, Only on I'gh Hteens is the base
of the series well defined, slthough on Fueblo YNountain its
position 1s sirongly suguested, i the southern end of this
peresistent scerp the flowe dip to the south benesth the
allavias in the Thousand Creck Valley. Faprther to the south,
the feult block mountains expose the older erystailine rocke
with spparently the total abssnace of the series, The
roasible relationship of thevse Tlows to the liese Hasalt of

this reglon will be discussed later,
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To the north, in Herney Basin, the fault scarps decresse
~ in height so that only the members capping the basslt are
ususlly exposed, Sinee lava of & simller ehapaeter has not
besn observed by the writer in the Blue Yountairs, thet ex-
tensive range presumably marks the northern bouwndery of the
voleanle series, which filled & brosd besin lying to the
south, | |

_ To the east of ilvord Desert the elevation of the fault
bloeks graduslly decresses end at the same time the mantling
sequence of tuffs and lavas incresse (Flgure 81) owing to the
less rigorous erosion at & lower elevation, The series has
no analogy to the basaltle flowes exposed in the Cwyhee Gorge
about seventy xlles to the northesst, %To the southesst of
Steens lMountein, the western scarp of the leDeprsmiti Valley
depression rises close to fifteen hundred feet in height, A
few basaltle flows resembling the Steens Yountein type occur
both at the base and nesr the tor.of the series, icldlc
lavas sabout & thousend feet in thilelmess lie in the intere
vening space. The upper basslt beneath a thin eap of glassy
acidﬁa lave consists of three flows varying in thickriess
from five to ten feet, These flows, which are rich in
phenooryste of labradorite, are ldentical to cheracteristic
types of the Steens Vountsin serles, This ralatianahip
sugrests that the extrusion of the scidic voleanics was
contenporancous with the outpourling of the great baseltie
floods,. ' -
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Figure 8l1. Aeroplane view to the east from north of

Upper Alvord basin, The light colored exposures in
the middle distance are formed by the tuffaceous
deposits overlylng the basaltic series., In the fore-

ground the step faults are remarkably well defined.
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In Southern Steens, the uppérmoat fliows on tna-aast;
ern searp ceén be traced seross the slightly dissected horst,
known as Smith F&at,‘to the seatérn soarﬁ where agaln the
series, 1s exposed to & depth of over = thousand feet.
Southwerd thils curving secarp eéxposes the basmlilc flowse
continuously until 1t ends abfﬁptly'in 8 transverse fault,
South of this point both thé geology and the topograﬁhy‘
are coxpliceted by lrregular minor fsults and by_the OQ=
gurrence of u large homogeneous mass of dense kaolinizn&
porphyry forming Lone tountaln, This rock, whiech contalins
smell féldupathic phenocrysts, 1s somewhat aim;inr to the
upper blotite-dacite of the Plke Creek volcenics, end like
it erddes locally into pinnacles that suggest varticai
flowage and therefore the position of a vent. The relation=-
ship of the porphyry to the southern continuation of the
Steens lountein Basalt was not deteruined, Southesst of
Lone lpountain the exposures consist of atratifiod turlfs
overlald by & thin layer of bssslt, whieh presumebly is a

continustion of the Hesa Basalt described by Herriam. (47)~”

(47) J, Cu tierriam, "Tertiery Hamval Bede of Virgin Valley
and Thoussnd Creek in Horthwestern levads,"” Univ. Calif,
Publtg Bull. Dept,. Gw:.cg Vols VI (1910;. Pe B6=38,

No eonelusive evidense on the relationshlp of this basalt
to the northern serles wes here obtalned, The pnusibility
of correlation will be considered later, |

To the west neer the Nevsda border the surface rock is

formed largely of besslt, but the exposures are not of
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Figure 82, Aeroplane view of the eastern scerp

of Guano Valley from the north. The volcanic

cone of Beatty's Butte 1s in the foreground.
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1
Renge of Galifornia, (48) This renge forms the esstern wall

(48) R. J, Russell, "Basin Range Structure and Stratlgraphy
of the Varner Renge lortheastern Californis,” Univ. Calif,
Publ., Bull. Dept. Geol., Vol. XVII (1928), pp. 416-428,

3

of Surprise Valley, which 1s the southern contimuation of

. Terner Valley., Here Hussell found & varied seguence of
andesitlic flows and tufis to be locally c&pﬁwd by & series
of basaltlc flows thet showed & maxlmum thickneta of slix
hundred feet. This basslt 1s in pert overlaid by rhyolitile
flows. |

About forty miles north of Nevada border, the eleveted
portion of the easstern scarp known as Bluejoint Rim (Figure
B3] exposes above the bass]l talus a thickness of basalt that
is close to fifteen hundred feet. 7o the scuth this eaaterh
block diminlishes graduelly in GIQVation until at & transe
verse fault 1t 18 sherply uplifted to form the relstively
narrow horst known as Hapt Jountaln, (Figure 84) which is
bounded by s falrly low scsrp on the enst and on the west
by one that rises over three thousind feet as the sastern
boundsry of “erner Valley.

Hart 2éunt@1n is formed of & complex series offlmvaa
and voleanle intrusions. The lowest member stratigraphie-
ally conslsts of & few badly decomposed baseltic flows of
s phenoerystic type that 1s strongly sugzestive of a Steens
“ounteln type, Thils lava is overlald by rather viscous

flowae of sclidle besalt extruded from loeal vents, fAbove
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Pigure 83, Aeroplane view of Bluejoint Rim, which

rises about eighteen hundred feet as the esstern

scarp of Warner Valley.

R. E. Fuller and A. C. Waters, op. cit., Figure 2,
p. 212, Subsequently reproduced in the third edi-
tion of L. V. Pirrson's snd Charles Schuchert's

“"rext-Book of Geology" Part I, Figure 269, p. 386.




Figure 84, Aeroplane view of the southern

end of the eastern scarp of Hart lountailn,
The flat top of the narrow horst is vislble
on the right. In the middle distance di=-
rectly to the left of it the western scarp

of Warner Valley may be seen.




206 »
this lava there is a varied sesuence of tuffs and andesitle
flows, This entire series 1nlcut by & nanber of .andesitiec
shoets thét dip at low angles towards the center of the

wountain. These intrusions, whieh resemble petrnéruphically

 the unpermost flows, very in thickness from & few feet to

about two hundred., The sumnilt ¢f the andesite for & dlstance
of a mile or mors rises & few hundred feet above the sube
sequent besaltlc flows that abut against it.

Ineressing gredually to the north these flows show &

thieknees of at least seven hundred feet et the northern end

of the western scarp of Hart Jountasin. Here the base 18 not

well defined but the lower exposures indleste that the series

overlies some rether acidlec bassltic flows, which are ae~

companied by much scorecesous basalt, Judging from the evie
dence of viscosity this lower basslt 18 of loesl distpibution,
but the overlying series from ite physical ehnractgristics
appears to be the direet continuation of the lave exposed st
Bluejoint Rim, At the northern end of Hart ‘ountain (Figura
885) these flows are locally overlaid by & butte rorméd‘of ®
thickness of épﬁrcximately oneé hundred and twenty-five feet
of stratified Iight colored tufis thet are capped by a
basaltic flow about twenty feet in thlekness. Thils flow 1s
also indistinguisheble from a Steens ountain type.

To the south the sndesite forming the central portion
of Hart lountsin is overlsld by bassltic flows that in the

southern pcrtion,of'the mountaln are sbout thirteen hundred
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Pigure 85. Aeroplane view of the western scarp of Hart

Mountaln at the northern end of the horst. At the top,
the butte 1is capped by basaltic flows considered to be
the northern continuation of the Warner Basalt. The slope
beneath it marks the position of the tuffaceous sediments.
The precipitous exposures below the shoulder are formed by

tic flows of the Steens lountain series, On the
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right these flows show & maximum thickness of about seven

hundred feet.
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feet in thickmess, . (Figure 86) &hatm flows strongly re=
semble the Steens lounteir serles aside from the faet thet the

A conrse phencerysts were not obiurV@d. Thie levae 18 loeslly

overleid by & flow of andesite rfilled with Inelusions that
appesr to have a cognate origin. Lower on the scarp, exe |
posures of thls seme andesite sugcest a erosscutiting ree
letlonshipe | '

The rorst forming fert Yountauln ends on the south in a
fsult, To the south the scarp defining the esstern wall of
®arner Valley continues with & height of about twelve
hundred feot. (Flgure 57) This lower scerp 18 cspped by two
thin bes:1ltle flows. Thelr base 1s hidden by coarse talus
thet continues davniaédvrnr about two hundred fest, Delow
thie, there is exposed a dense derk grey rock fllled with 1#-
clusionss 7This rosk appesrs ldentlcal to thet cspping the
southern end of liart Sountain. lere, however, its jointing
sugreste that 1t mey be an intrusive phase, Benesth thie |
eupowﬁra. there outerops & single thin bassltie flow that
rests slightly disco=formsbly on stratified tuffs about
four hundred feet in thickness. Bolow these beds thin

bessltic flows, extending to the talus, show s total thicke

nees of over two hundred feet, This lave is very similsy to
that which is exposed 1n the seetion at the southern end of
Hart tountein, Although the two localities sre oniy sbout

e mile spart, the laek of exposures renders it impossible to
explain the absence of the tuffes benesth the andesite




Figure 86. Basaltic flows about thirteen hundred
feet in thickness capping the southern end of
Hart Mountain, These flows are considered to
correlate with the Steens llountain series, Warner
Lake is visible at the base of the scarp, which

here is over three thousand feet in helght,



Figure 87. View of the twelve hundred foot eastern

scarp of.Warnar Valley a few miles south of Hart
Qountain. The block, 1s capped by basaltlic flows,
which again are presumably the Warner Basalt., DBe=
neath them, a thickness of about four hundred feet
of tuffaceous sediments is locally exposed. The
lower outerop is formed by basaltic flows that-are
considered to be the southern continuation of the

Steens Vountain series.
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capping the sories to the ﬂurth¢‘
| n the weastern side of Yarner Valley the nulatianahip
is simpler., In a central 9cwtion of the vallav tha western
searp 1e lscking, although b&umxtla fiows ere aupanaﬂ at thl
Coyote ﬁilla. whers - thuy have been uptrchaﬂ by ﬁho intruslon

of scidie leve. (49} To the south of Flnun the ncarp ree

\

(“) R‘w Jc Russell, op. Gitmt pn- 427

appears above the slluviun, and exposes & thieknn;: of over
two hundred feet of basalt ditaonfarmablr avawlrlng atrati-
fied tufis that locally show thiaknons of abdut anu‘hundrnd
feet, These beds eppesr eimilar to those ho&h at the north
| of Hert ‘ountain end in the scarp to tha tﬂnﬁh of the moune
tain, - ; |
 Traeced gsouthward the inttorn BORPP grﬁaﬁnllr 1nproao¢§
in elevetion, West of the morthern end of Yarner giku it
resches & meximum of sbout twenty-three hund?sd feot,
{Pigure 88} The block, here, 1s cappsd by n%aut tnnr ,
hundred feet of besslt, which sppesrs to be tie direct stre=
tigrephie continustion of the sxposures to tﬁgﬁnamth¢ The
base of this uppermost bssalt 1s covered hvj#bil end telus
whieh continues downwerd for about three hu#dvngruot. Ihis
slope ende ir & persistent shouider fnmunﬂ;hw the surface of
en underlyling serles of bessltic flowe, Iﬂfthzn soll-gclsd
gone, whieh ocen be traced for the length aﬁ the scarp,
were found fragments of conwsolideted Iighﬁfaolurnd tuf'fe,




Figure 88. The twenty-three hundred foot scarp

west of Warner Lake. About three hundred feet

of basalt, which presumably represents the Warner
Basalt, overlies tuffaceous sediments. These
beds, which are thought to be part of the Upper
Cedarville, form a persistent tree-clad horizon
of about equal magnitude. The prominent €xpo-
sures at the base are formed by a series of
basaltiec flows about thirteen hundred feet 1n
thickness. These flows are tentatively corre-

lated with those of Steens lountain.
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To the north in two locslitles tufis outerop at this same

horizon. In eonsequence this shoulder 1s considered to be
rormnd by the continustion of the tuffeceous beds aeourring
to the jmorth beneath the basaltic cap. ‘

Below these tuffs, however, are the precipltous oxe
posures of thin bassltic flows thet appesr to be practlcally
ldentical to those forming the great csp st the southern |
end of Hart Yountein on the oppucité side of the graben.
These flows form & continuous outcroponor & thousand feet
in hnlghtu Although they ara*hot 80 phenocrystie, they pre=
sumebly form the southern euntinumtion of those of Blunjoint
and Abert Rim, snd are, therefore, thought to be ptrt of the
Steens Yountain series, |

The overlying tuffe both from thelr litholozie :ini-
larlﬁy and from thsir‘unifora stratigraphie rilationlhip are
oaniidered to correlate with those to the south of Hart Youne
tain as well as with those in the butte at the north end of
the mountain, while the basaltle flows capping thess beds
are thought in each of these lo&alitiea to belong to the
ssme series, This 1nte:~pmtat1ox§ indlcates that both the
upper tuffe and the basslt, whien caps tham, deerease in
thickness to the north, |

Russell considered the ouppfﬁ&‘haaalt on the western
slde of “arner Vallcy to be thnrdirmat contlnuation of the
Harner Basalt, but he did not ron#isa the presence of the
underlying series. In faet, merarrlng to this scarp,
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Russell states (50) "While the espping of Verner Basalt is

4

(50) Ope ©1te, pp. 439-40,

relatively thin 15 that erea, its debris so tharnugﬁly covers
the Upper Cedervilie beds that only caereful search will reveal
thelr presence, It 1s llkely that this conditlon ceused
Waring to indleste a great thieckness of besslt in the ¢liff
woest of Verner Lake while in setusllity the flow 1e relative-
1y thin."

"From this interpretation the capping tuffe are consider~
ed to be part of the Upper Cedarville, while the overlying
flows are correlsted with the Yerner EBasalt, The underlying
series in consequence must be esriier than the Upper Cedare
viiln, although the intarvening time probably 1s insignifi-
eant, Southward the capping basalt sppears to merge into
the exposures in the YWarner Range, but the relationship of
the lower aetle: to the Yarner Range volecanics was not de=
termined,

The diffieulty in correlating isolsted horizons of
baselt 1e well ehown on the oaatgrn scarp of Surprise

Velley about fifteen miles to the east of Cedarvilie.

(Pigure 89) Here basaltie flows sbout sixty feet in thick=
ness overlie light colored tuffs which are more then twice
as thick. These in turn rest conformebly on thin bessltie
flows sbout one hundred and twenty-five feet in thicknoss,
Beneanth these 18 another bed of aecldie tuffs forming an
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Pigure 89, The eastern scarp of Surprise Valley
to the east of Cedarville, On the left the butte
at the top is formed by about one hundred and
fifty feet of tuffaceous sediments, which are
capped by a few thin basaltic flows. Beneath
these beds in the center of the pleture about one
hundred and twenty-five feet of basalt overlies a
slightly greater thickness of stratified tuffs,
which rests on still lower basaltic flows of un=

known thickness.
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norizon of about the same depth., These 1p§er tuffs rest
on more basaltic flows whose bese 18 not exposed. The
uppérmact basalt has no anslogy to the northern leves and
is preéumably later. The other two horizons, ?rom~ﬁha!§
physical charscteristics, might be correlated with the
Yerner Basalt end the northern series, but the evidenco 1s
not conclusive, The exposure, however, at least shows the
futility of clessing ell the besslt in the reglon as &
single stratigrephic unit. '

fge Relatlionship
Prom fossil leaves, the Upper Cedarville beds beneath

the Verner basalt were considered by Cheney (51) to corres

(51) Re J. Russell, op. cite, P« 412,

laete with the Mascall Formetlon overiying the Columbis River
basalt in the John Dey Valley. They were, thereforse, thought
to be of liiddle Hlocene age. Vertebrate remains, however,
found in the same beds indicated & still later sge, From
palaobotenlaul evidence the Upper Cederville beds should
correlate with those of Alvord Creek at the base of Steens
fountalin, but stratigrephically the entire series of the A
staanl_%auntnin voleenies spparently 1ies between them, Ale
though the extrusion of these veried voleanies probably wee
relatively raplid, the evidence indlecates that the lasesll
flors was quite persistent and poseibly thet it continued
into the Fllocense.
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To the east Russell dotimitiiy correlates (52) the

(52) Ope elt., pp. 416-7,

%arnarsﬂasalt‘with the Hesa Baselt end tentntivalyiﬁat only
with the flow exposed to the north st Rallrosd Ridge, but
also "at lesst in peart” with the Pueblo Yountain series.
The Mesa Basslt capu the Virgin Valley Beds whieh contain
in their lower horizons vertebrates of the iiddle 4
“ioeene. (563) These lower beds in consequence should be

(53) Chester S5toek, Personal commniceation,

older than the Steens lountsln voleanics. The upper strata,
however, appear to be nonfoselliferous, so that the precise
age or\inb Hesa Besalt cannot be deterwined, The Rallroad
Ridge 3¢n$1t caps the Thousand craék Beds, whieh Stock (54)

{54) ibldn

considers from s study of thelr vertebrate fauna to be
fairly late in the Fllocene, These beds, however, in the
opinion of the writer overlle the Fueblo lountain seriles
approximately conformsbly, This series, es previously
montianbﬂ, appeares from almost continuous exposures to be
the direct strstigraphle contimmation of the Steens Hountein

leves -

Since the beselt forming these three units at the southe
ern end of Pueblo lountaln is not sufficiently distinetive t0
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pernit @ petrographic eorrclatxe;, the problem at ﬁ#aaent
cannot be definitely settled. It appears definite, however,
thet the Pueblo Nountsin serles and the Railroad iEldge
Basali are widely sepsrated stratigrephieslly. lLoecally,
howevar, no definite evidence was obtained to prove whether
the Mesa Basalt correlated with elther the Railroad Ridge
lave, which it resembles physiographically, or with the upper-
most leva of the Pueblo Hountaln series. The Euialt expoaed
near the southern end of FMueblo lountain, se well w§ beling
6verislﬂ by seidlie lava and tuffaceous beds, has been in~
truded by & number of small sills of obsidlan, Although,
probably due to this later sctivity, the serles ls muite
bndlyialnbrad, the arfoat may be too local to be vsed as
8 dintinctivo eriterion. The factes suggest, however, an
eerlier origin then the less Basalt, In aéntoqaeucd the
latter may well correlate with the Varner Hassalt ss Russell
proposed,

In genersl the evidence indlcetes that the Steens loun=

~ tain Beselt 1s definltely younger than the Columbla River
flows and occurred elther late in the iloecene or early inm
the Pllosene. In the %arner Valley rogion the overlying
tuffaceous beds which sre presumably & continuation of the
Upper Cedarville, suggests that the Naseall florgvenntinnad
into the Fliocene, ss the vertebrate evidence inﬂi&ﬁiﬂn@
The Terner Basalt, overlying these bedes slightly discones
formably, appears to thieken southward rether than northe
ward as Ruseell suggested, Omn the other hand the apparent
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nbaahco of the Steens Yountair saries both in Virgin Valley
end on Tarner Renge Indlcates that 1t cesses abruptly to
the south, but tha‘i;tnml relationship to 1te berrier was
not deterzined, In Virgin Velley, however, the sdvence of
these lavas may heve been halted hw thn groeat thickness of
the Cenyon Ehyolite, whioch 1ies on the nar;hurn nlcia

Open Texture

The besslte of this reglon usually show phencorysts of
labrsdorite and olivine in & rather light grey holoerystale
1ine ground, For the pressent, nowever, the textursl pe-
culiarities of the ground will be diaauacod,'lhilq the bhnno*
erystie pheses are left to & later page. Tnle texture, sle
though typleal of the Hteens lountaln series, appesrs to be
reglonsl in charscter, for it %1s also observed in tﬁums that
are dtatinatiy soparsated otrntigrtﬁhiealls. _

The peecullsrity of this texture lies Iin the presente
throughout the groundmess of innumerable minute drusy ocavie
ties, whieh render the rock extrenely porous, Th.an apnn
spaces ere ususlly bounded by the eryetel fuces of the
typiesl baseltic minersle composing the rook,s In the
coarsest speciméns these minerals are seslly vistble neghe
seopleally. Iince niwilur lava sppears never to have been
deseribed the writer designstes 1t tentatively as bolng
"opon textured”, |

The most striking festure of these eavities either in
the hend or in thin section 1s the presence of delicate



laths of light grey labradorite that projeets into them end
locally forms a netiork of aaariiattng plates, The distrie
bution of the labradorite and the size of the laths appears
a8 2 ryle to be relatively uniform throughout the grounde
mass of an individusl specimen, In pert, however, the
plagioelase is Intergrown with ophlitic augite, This minersl
oecurs generally in isclated patehes couposed of one or more
erystels, and is usually eneclosed by & zone conteining inter=
sertal grains of olivine and megnetite, In !qatAiﬁg;cma
lpéeiuunn the intersortal grains have been aemplutnly cone
verted to thé iron oxide, These mafics, however, sre not
enclosed in the auglte, The olivine erystals and more rarely
the auglite also come In contact with the drusy cavities,
Some of the open textured rocks, especielly those that
ere more sphanitle, are of a falrly derk grey, slthough not
of as deep a shade ss the typlesl besalt, In the finer
greined types the drusy structure le confined to locallzed
points, & seventy foot flow, however, observed low in the
sories in enn Creek valley 1s so coarsely crystslline and
of such a light grey color that the roek superficially re-
sembles & granite, With this coarse crystallizstlon the
eavities are so general ﬁhnt the rock is attremaly'tragile,
Disregerding the cavitles, which probably form about
ﬁ!anty'pnrceat of the rock, this besslt uontainu nearly
seventy pereent lebradorite, in lsths that renge from about
«6 to 1,5 mlllimeters In lenmgth, ¥ith thls unususlly high
eontent of plaglcoclase ehls rock spprosches the extrusive
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equivelent of snorthosite, Theriiriot consliet roﬁghly of
about ten pereent olivine and & slightly grester sontent
of augite, 4 1l1ttle magnetite forms the only accessory.
The al%vinc grains probably average close to .5 zilllmeters
in dlameter, but locally they sttain sbout twice thaet size,
Some of the aréutaln of brownish augite extend for ss wmuch
as two nillimeters,

In these open textured rocks, the cavities were pre-
sumebly once filled with a wother liquor from whieh the
minerals erystallized. 4 few rocks loeally exhiblt skele=
tal megnetite in a rather opaque base, which in some ine
stances exhibite slight birefringence, This substance is
considered to be formed from a docompaoad glass, In general,
however, the absence of residual materlal suggests that thie
liguia en@uped a8 a volatile., In a lerge messurs the
poro:ityvor the rock may have permitted this llberation.
Field evidence indicates that the major joint cracks also

formed er important avenue of escape,

Endomorphic Alteration

In & great meany instances in the larger flows of the
Steens Mountain series, the fresh open textured rock 1s con-
fined to & narrow zone adjacent to ihe.mnjor vertical .
joints. (Flgure 90) Away from these cracks the rock~éhangea
sherply from s fairly light grey to a dark greenish brown
color and slmulteneously loses its porosity. In thin
section this change proved to be due to the decomposition of
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the olivine to & brownish or greenish substence, with whieh
the rock 1s impregnated. This substance appears to be &
eolloldal deuterie resldusl kmqvﬁ as chlorophaeite, although

the chpracteristic change in color was not observed. (65)

(85) B, Cempbell end J. ¥. Lunn, "Chloropheeite in the

Dolerites {tholelites) of Delmehoy and Kaimes FHills,
Tdinburgh,” Win. Wag., Vol. XX (1925), pp. 435440,

In some instances the olivine appeared to have been sonverted
into iddingsite, Aslide from this alteration of the mafies,
which 1s usually accompanied by the formation of magnetite,
the texture of the roek 1is not sffected except for the
fi1lling of the minute cavitles by the deuterle residual,
Chemicel anslyses (Table VIII) of both the altered and
the unaltered phase of & flow Indleate that the altered
phase is ®lightly hydrated and that the iron content hae
boen oxidized to 2 minor extent, The other constituents
change slightly, but they do not suggest an aiplwnatian for
the variation in ecolor. The alteration 1s, thereforse, attﬁﬁ-
buted to the corrosive astion of the volatiles which were
unable to escape.
In flows of this type the uppermost lave 1ls usually
unaltered for a depth of at least five or ten feet. The
top of the sltered zone has been observed locally as &
fairly level line, but as & rule it rises as 2 dome in the
eenter of each large roughly vertieal bloeck, (Figure 91) In
such cases the fresh rock may be traced downwards adjacent




Flgure 91. Endomorphic alteration clearly
defined in a flow near the base of the
basaltic series on the northern wall of
Little Alvord Creek. In the center of a
block bounded by major joints, the rounded
upper margin of the zone of alteration is

characteristic.
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Table VIII = Part 2

1 Il

Orthoclase === o e 6412 Ba12
A1b1t0 wwmme £6.20 27.25
Anorthite - o 32,80 33.18
Diopside = - 6980 4,73
Hypersthene ' 4.45 B8e14
011vine wew= 14,82 10,18
Hegnetite .78 348
Ilmenite o 4426 4.56
Apatite « 67 « 67
fater o ~2803 AaTD
09,93 100,06

Jiorms caleulated from the snalyses in Part 1,

I. THessose, C. I. P, ¥, Symbol, II(III),5"."4.4s

1 A HG.QQ"' Co X Pu W, am“lp KIﬂcsﬂuﬁ‘o‘.
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to the jolnt as @ thin zone perhgps only.a few 1nches in
width, but locelly eontinuous for many feet. The smooth
surface and angulur=rractnrea of the light grey outer layer
forms a merked contrest with the rounded expoauraa of the
easlly weathered dsrk roeck within the block.

This :ama observation was maﬁa in numercus 104&11&100
in the atudy of the more seidic voleanies, In highly
hollniugl acldic leves chipes sufficlently fresh for petro=
grephlc exsuminetion may frequently be obteined from the
aurraéa of the major joint cracks, wiich usually are coated
. by & selvage of resistent rock sbout a half am inch in thiek-
nees. Thin séetions prove that this is not due to subse=
quent s&liaiflaétion. In the more viscous laves the presence
_of & grack would have llbersted the volatile deuteric
residusls from a more narrow zone than in the porous open
tmxturad baaalts. nxamplea of this phenonenon were observe
ed both in the rayolite lscecolith and in the hiotitandaeltn

flows,

The Quigin of the Jolnting

On Bluejoint Rim & local aetuaulntién 6£'vu-1clou was
cbserved at the top of a zone af—alterut&on."hilu the en=-
elosing unsltered lave wes nnt‘voaicular. This fact suggests
that the leve within & jolint bloek resained suffielently
fluld to permit the rising of volstiles, while the solidie
f!attian had Alrendy occurred adjacent to the surrounding
crmﬁkq, &t least to the depth at whieh the vesleles ievﬁ
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observed., Additlonel evidense op the seme point was obe
gserved oast of Steens Nountaln, |

On the northern scarp of Upper Alvord basin nbrhh_or ¥
Alvord lesert a basaltic flow, that appesrs to have been v
falrly viscous, showe finely vesicular V shaped zones ox»v/“
tending downwerd from the surfeace. These zonee are biaaot+
ed by the mejor jointes, while on elther slde there 1s
| messive basalt that shows merely an accumulstion of aonri«q
vesicles higher up hetween the flarings V's, The lava ade
Juoent to the jolints ls thought to have ﬁuan ahillodtbw thol
adveneing crscks, while on either side 1t retained suffe
felent fluldity to permit the accumletion of the velatlles
in the upper part of the joint bloek, PFPresumably tanaién |
accumulated in & network of e0lildified lava beneath the
eracks and caused the progressive advance of the joints
prior to the complete solidifiestion of the flow to that
depth, This premsture solidifieetion adjacent %o the cracks
1s attributed to the loss of volatlien. The liberation of
the geses would not only cause dehydration, but would 1induce
ﬂhilling both hy the transfer of he&t and by the axpanaian
of the valatilann :

Sosman once suggested (56) uniarigin nf‘aalumnnr

-

{56) R Be Sosman, "Types of Prismetic Structure in Ignaaun
Rocks,"Jour. Geol., Vol. XXIV (191&1, PDe ﬂxewaac,

structure by conveetion currents. This hymothﬁnin was found
by the writer to be untenable, although it offers an sxplanae
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tion for the verlstions 1in eomp&%itznn hcmkomm the outer
and inner psrt of & column, In thie theory he arau.un
analogy to the cellular structure produced by the vertiecal
uouvaqtion currents csused by the surfsce cooling of a thin
leyer of liquid. These currents obtaln the sinimum frietion
when the liguid is divided into hexagonel cells, The
currents descending on the mergin of the broad low eolumnar
eell unite at the bese and rise in the center, Material in
suspension 1s therefore deposited 1in each unit at the ecenter
of the base, Colummar structure produced in this manner
would oeccur only in very fluld thin horizontal sheets of
lave, The jJjointing should then be prineiptlli in broad
hexagonal ¢olwme with sowe seven and five sided ones, but
rarely with any of three or four sides.

In support of his hypothesis, Sosmsen quoted (57) from

{87) Ope olt., Pe 227,

Seropes' description of the volaanaﬁa of central France
which states that “occasionally as for example at La Tour
a' suvergne in the Nont Dore the ¢olumns show & eylinder of
black basslt within e prismatie cese of lighter color snd
looser texture," This do#arip&ioh strongly suggests & type
similer to the Steens lountaln Basalt, '

Owing to the thinness of the flows snd to the flulde
ity of thg lava the Steens lountein series should have been

favorable for the development of convection eolumns, As at
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Hont Dore the variation botwe.n‘%h& outer end inner portion
of the blook suggests & chengs in composition that might be
explained by convection, Heny of the flows, however, are
r40h~%n'aoarao phencerysts of labradorites The fl&n structure,
which these exhibit, is uninfluenced by the position of the
major Jjoints and the erystals appesr to show no tendeney to
accewmlate in the center of the base of the eolumms,

The shapé of the coluuns also furnishes definite evie
dence against the convectiocnal origin., Instead of being pre-
dominantly hexsgonel and bounded by vertiecsl saintn, the
blocks are more often four sided eand the bounding planes are
ususlly ecurving or irregularly inclined, (Pigure 92) The
symnetrieal columns which the cells demand are absent. The
jointing is therefore preferably attributable to abﬁtrnetion,

lagmatle Segregations

& number of flows on Steens lpunteln contaln thin
sheets or lenses of basalt that are usually more cosrsely
erystalline and more vesioular then thn enclosing rock.
(Figure 93) The largest observed of these uhoefn, whiech
usually occur in flows nhawing the altered phase, 18 about
five inehes in thickness, é meximam lateral extent was not
determined, but locally they esn be traced for at least
thirty or forty feet, |

These lenses ss a rule give indication of & high volae
tile content hy thelr open texture and their veslcularity.

The gas content In some ceses hes formed cavities, which may



Pigure 92. Coarse jointing typical of thé‘
unaltered basaltic flows 1s here shown by
the series at Abert Rim, The gully does
not represent a fault. The rapid variatién
in the sequence is due to the local merging

of flows.
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Figure 93. On the divide between Little Alvord
Creek and the south fork of Alvord Creek at about
a thousand feet below the summit., The resistant
vertical zone in the center is formed by unalter-
ed rock adjacent to a major joint crack, Just
above the hammer there is a horizontal segre-

gation veinlet, which branches on the left.
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"
reagch a length of two feet, The lava at the bhottom of the |

ecavity shows a flst surface, while the top forming & low
dome only & couple of inches in height exhibits small
basaltic stalactites,

4%t the intersection of major jolnt cracks the lavs
forming thaie sheets in aevarél instances may be traced up=-
wards ss s thin veinlet. The surface of thhlc vertieal
orecks instesd of being cemented by this minute intrusive
usually exhibits a somewhat aphanitic pltted surface of o
‘rather brilllant red color. These surfece features are une
doubtedly ceused by the escape of volatiles,

The rock forming the smsll sheets and veinlets is ss
e rule relstively fresh, 7The zone adjsgent to thelr lower
contects In some instences also ineka the alteration, pers Ry
haps owing to the faet that thess horlzontel sheets furnishe
ed mecess to the crecks and thereby permitted the escape of
volatiles, The freshness of the segregations may in part bo
explained by the spperent sbsence of clivine and the age
eocpanying slteration products, The mefies 1n these masses
consist chlefly of auglite end magnetite, both of which exw
hibit an sciculsr development.

The horizontal sheets show no Indilecatiocn of & possible
roroign origin, They #v@ considered therefore to be formed
by the segregstion of mogmetic residusle. This interpre-
tation haﬁ been substantisted by chemical analyses (Tables
IX & %) of the segregetion and the mormal rock of two flows,
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Table IX = Pept 1

I ¢ S 111

81118 mmmemmmacememmens 47,20 48,60 46445
Aluming seseeescemesmses 15408 14400 17490
Forrous 0X100 eeeswecmme e 20 6a61 - 5.94
Ferric 02140 eescemceess 7,77 8400  BeBB
dagnesia = e T W ¥ 3,76 488
Line wees » - 9496 7468 9438
G008 we=e . 2462 5467 | ZeB4
[0tASl memmme———— 93 1494 1,01
Hater Above 106 Cy weees 1,30 1,00 1480
Weter ot 100 Cy wwecnwes 1,88 1,80 4‘1.70
Titenium Dioxlde eewsese 2,60 2440 2,00
.ﬂnrﬁon'uiotid- ———————— none none’ ~ none
Fhosphorous Fentoxide «e 29 «64 - 31
Sulphur eee mwmmmwn - Lpoce trace o trece
iangenese Diox1de eewess  groge 8 et 2L
99,94 300,08 - 99,93

Specimens from & flow nesr the base of the elrgue in Hose
quito Creek st sbout twenty-rive hundred feet below the
oumsit, Anslyst ¥. ¥, Herdsman, |

I. Unsltered Phase,

Ils Segregstiorn velinlet showlng meried diffuront&&tian by
en inoresse In silies, iron and the #1kmilmaw

111, From the surface of a cavity in the same segregstion
whieh here shows a compositlion almost ldentical to tho flow,
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Table IX = Pu-f. 2

1 11 R
Quarts s - - .48 2,64 o «42
Qrthoﬁ).n;,e - - e 5456 1l.12 6.1
T 23,58 30,92 24,410
AnOPthite wes- . #3,02 16,12 32,80
Diopslde wmemeeemmewees 10458 14.58 . De29
FNStatite =ewmmmmm 5470 R PR—
Hyperstheng weewee - - 4,59 11.08
Hegnetlte - e S402 11.60 B30
lematlte === — : 5276 s ———
Iimenite R— : 5402 4.56 5480
Apatite — 67 1434 «67
Wator wmemmw P 2288 2280 5230

100,14 99,97 99,03

lorus galeulated from the analyses in Fart 1
I. Hessose, C. I. F. W, Symbol, II"."S."4.4.
11, Cemptonoee, C. I. P, ¥, Symbol, (II)II1.5,3","4,
111, Hemsose, C. I. F. We Symbol, II(III).5."4.4.
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1
Table X « Papt £

I 11 11

uarts - = o - o | -
OPINORLaNE svinsennen B0 BelS 1467
A1D1EE memmee- v 15480 14415 8438
AROPELILE wmweesmsnees 51,14 20,19 286,08
Dlopside wennmen 05,42 18,15 8448
Hypersthons eeweeeseee 701 13,86 18426
Olivine eees - e 10480 GeR4 £5.98
HBETatlte weemmaeceen- 2409 7459 4418
Timenite - e 3408 B4 . 1408
Apatite = ——— o34 .54 »54

Tetor meemeseeeo—- RaEE  5e40 4,00
: 100,07 100,17 100,00
Borms ealculsted rronvthn analyses in Fart 1
I+ Auvergnose, G. I, P, ¥, Symbol, TII,5%,4".4.
I%e Auva&gnaae, Ca I, Py W, Symbol, ITI" 46" ot o
I11. Hilome, C. I. P ¥, Symbol, (IXII}IV.1,2.2%
Ive Auvergnose, C. I, ¥, ¥, Symbol, (II}I11,5.4.4s

v
5488
5400

20444
25,05
14,81
. 6488

Pu81
Ge B8

1.01

100416
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In both instances the differentiate shows a marked Inerease
in tha‘aonient‘at iron, potassium, sodium, titenium and
silioa, while thora‘in~a loss of magnesium, oalaiun’and
aluminum. 4 slngle segregstion, however, was not homoge=
nous, for the analysis of its messive phase differed from
thet of the flat surfece of the lava In ite domed ecavity.
- {Teble IX)

Otherwlse the ¢haenge colncldes with that expeeted from
the fractional erystelllzation of & magma,. The formation of
olivine end the celeium rich plagloclase would deplete the
mother liqnc: in magnesium, ealeium and aluminum Anﬁ thereby
cause an inerease in the other constituents. The Ineresse in
the iron content is explained by the fact that the magnesium
viéh_pyrogonc, being more ratruotnry,‘ﬁryitallineﬂ first snd
thereby aﬁrﬂnham the residual liquor in iron. Fenner has
rwmiti‘y dhown (88) that pyroxene f‘arming from & mn, X -

(58) G No FUnn«r, “The crystalliantinn ar Banalta," Amg

hi&ith'u-ruaution series in the wagnesiumeiron unntbnt, whieh
-1n'snnlogauu to the changing ratic of esleluw and sode in the
erystallization of plagloclase, Unfortunately no explana-
vtion is offered of the meehanism by whiech the residuasl liguor
was concentrated.

The small differentlstes are analsgous, however, to
‘segregation velnlets in the Deslmshoy sill deseribed by
cnm@hbll. (69) These occur in thoeliite as roughly horile
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it

(s9) R. Cnmphﬁll end J, ¥, Lunn, "The Tholelltes and
Dolerites of the Dalmahoy Syneline,” Trens. Royal Soc.
iiidlnmvgh, ‘Vols LV, {1927%) » PPs 5@1"‘50 :

uﬂntalﬁana-tomollng vainiatavuf a far more acidle compo~
sition. In another phase of this sill, lenses and porsittant 
lsyers, from thelr coarse cry&tnllizatiom, were considered to
be doleritlc pegmetite, Petrographically they showed a
slightly wore acid somposition thnn'thé surrounding rock and }
a high &dntent of ehlorophaeite, which 1s 2 greatly hydrated
mineraloid. BHoth this doleritic pegmatite end the sezre~
gnthn veinlets are considered by Caupbell to be differe
untiatea of the enclosing rock,

The Concentration of Fhenoerysts

On Bluejolint Rlam at about three hundred feet below the
sumnit there are s number of thin flows which show segre~
gations of phenocryets, apparently csused by the gruvittt1§n~
al settling of the lebradorite durlng flowsge., The flows
which renge frox about five to ten feet in thickness, had
anrtioznnt‘rluldity to attain remerkably smooth surfaces,
Exeept for e thin line of reddish glass the SOntNtE SPY
noticeable ehiefly from the chenge in vesicularity. The
upper surfaces have spheriecal vesicles, wnile at the bottom,
orgen pipe vesicles extend upwerds for es much as six opr
elght inches. These are formed by the rising of air im=
prisoned benesth the advancing flows. At the base at least



for an inch or two these voqielo; are ususally inelined in

the direetion of flowage,

Platy crystals of labradorite averaging two or three
eentineters in diameter ere concentrated near the base of
the rlbn and upwerds show a gradetion into 2 zone free from
phenoerysts, (Flgure 94) Froof that they settled is fure
nished by the fact that & few erystals se 8 rule &re ree-
tained in the flat glassy surface of the flow usually for a
depth of not more than en 1inech, The phenoerysts generally
show & pronounced horizontal alignment end ere, therefore,
consldered to have settled during flowage,., Locally, however,
the alignment curves 'into swirls,

On Steens liountain and Abert Rim there are also some
flows that show various types of segregations of pheno=-
erysts, but the mechanism entailéd 1s not so clearliy defined.
fbo concentrations were found to'be very irregular and not
eunrined'to the bese. The basal concentrations, however,
eppeared to be the most oommon,‘but a8 a éule they showed a
sharp contaet with the overlylng lave rather than & gra-
dation. GSome of these segregations have a very irregular
: nurvlng(outllnn and ara'qxtramaly erowded with coarse
‘aryttdii,'thieh ray be uoaamyaniad by vesicles, although the
overlying lava is free from them, (Figure 95) Both the
irreguler ouilink of the segregations and the absence of
grudations may be due to the flowage of the overlying lnia

over the less mobile phenocrystiec mass, The presence of the



Figure 94, The gravitational concentration
of labradorite at the base of a basaltic
flow at Bluejoint Rim. The horizontal
alignment of the phenocrysts proves that

the settling occurred during flowage.
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squito Creek. Presumably the phenocrysts, by

retarding the escape of volatliles, rendered the

basal zone vesicular,
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'vuicla-a mely be explained by t.h‘e‘ fact that the inr,ga platy

erystals may have obstructed the rilsing of volatlles
liberated by the crystallization,

*“ several cases, the cosarse labradorite occurs in hori- |
zontal stresks & foot or more in width with a bmﬁrun gone
both above and below, In one instance the major conten~
tration wae at the top. Om ibert Fim a flow with twe horie
zontal concentrations of phencerysts comtains amnllar“
erystels in one zone then in the other, .As & rule these |
horizontal bends show falrly well defined flow structure,.

In one locality near the top of Sto@na dountain, a thin
eontorted sheet of lave shows labradorite orystals in ves-
feular wiﬂa. (Flgure 96) ' '

xtvhau been previously wmentioned thet s number of flows
appear to have been formed by the merging of suscessive thin
sheets that have advenced prior to the complete solldifi-
cation of the surface of s stationery lower flow so that
the contact is locally dlstinet, but ususlly blended.

(Plgure 80} The concentration of phencerysts veriles fre=
quently frou flow to flow. It seems possible to the writer
that the concentration mey have veried in the successive thin
sheets, snd that some of the bands of phenoerysts may be due
to the merging of sheets of different composition, The
necossary differentiation might have oecurred before exw
téusion or during flowage. Uhfaitnnntaly no loecality was

found to prove this hypothesis.

On both Steens Mountaln end Abert Rim the flowe that
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Plgure 96, 4 swirl of vesiculsr lava showing
irreguler concentrations of coerse crystals of
iabpradorite in a thin basaltlec flow about eight
hundred feet below the sum1ip in the south fork

of Alvord Cresk,
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show the ost merked verlations are ususlly thin end froe
quently aﬁ#anrrta have been relatively fluld at the time of
consolidstion, The thicker phenoorystis flows were found

to be homogeneouss These flows ususlly leck horizontsl flow
allgnhmat, elthough some exhibit broad swirls of labredo-
rite crystels, This fmet combined with their flatness of

surfoce snd their cosrecness of texture indlecstes thet they

were also comparatively fluld when they ¢sme to rest. To

explein the ebeense of erystsl settling, it seems probable
that the thin flows hed grester fluldity duiins flowage,
Thie evidence of differentlstion duping flowege renders
1t lmpossibls to correlate flows stratigrephicsally b& thely
content of coarse orystals of labradorite. At the southern
ond of Wermer Valley the flows, which the writer correletes
with the Steens lounteln Basslt, appesr to be free from
phenogrysts, yet 1t is probebie that the eryetals bh@
settled before the flows reasched that reglom, At B&uw}aint‘
Aim and et the northerm end of lart Yountain, a iariaa.
which in the writer's opinion 1s undoubtsdly the same, is
in part phénaniyntia. bat the erystals wers in the‘proatol-
of settling st the time of solldificatlon. '

The Congentration uf Olivine
Olivine ie preosent in prectieslly all the Hteens Younw
tain Easalt thet hes not suffered endomorphie slteration,
In mﬁny flows it 18 ccgascopieelly visible snd ususlliy appesrs
ss derk irridescent greins, which sttein s dlameter of one to
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two mlliimatnruo‘ The 1r1ﬁaacunm;‘it due to & thin film of
reddish ﬁtﬂwn alteration, coating the surface,

Kear the basse of the cirgue in Willow Ureek there 18 a
flow ﬁpat‘ia remarkable from 1ts high concentratlion of olle
vine grains, some of which even axaésd two millimeters iIn
dismeter. The base of the flow, which shows the typlesl
orgen pipe vesicles, is relatively low im olivine for about
gix inches, but upwards it gredea rapldly into the olivine
rich rock, which appears to be uniform in its texture for u 
thiekness of about twenty feet, In thils pert the dark
grains of olivine, contrasting strongly with a mottled
ground of light grey and white, compose at least thirty or
forty percent of the rock., Capping this phase 1s & basalt
which 1s almost free from the coarse grains, The contaet
between these two phases 18 loeally gradational, but for the
most part 1t is defined by & sharp horiszontael line, which
is auoompmniad usually by the presence of zeolites, In one
plece this line curves upwerds in & low symeetrical arch
about & foot in length and three inches in height. (Figure
97) 1he massive phase capping the bssalt is orly about five
feet in thicknese and then grades into an anygdeloidal lava,
whieh represente the surfsece. The vesieles sre psrtially
f£111ed with s zeolite whose properties coinelde with that of
& fairly siliceous phillipsite.

The uppoﬁ massive éhase, which 18 low in olivine, shows

in thin sectlon an even distribution of small lathe of
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Figure 97. The irregular white line marked by
the blade of the knife defines the sharp upper
1imit of the olivine rich zone of the basaltic
flow in the north fork of Willow Creek. The
dome 1s on the left. The line is formed by
zeolitie material which is also largely respon=

sible for the light color of the lower zone.
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feldspar, which for the most part are enclosed in ophitile
sugite, Between many of the artatalo of nugitg, howaver,
small grains of partially altered olivine are intersertal
to the labradorite, This feldsper is highly fractured and
decomposed to materisl of lowsr index of refraction and
birefringence, This materinl,‘whieh‘alao occurs in lapger
magses bounded by the faces of the adiegent aryatalu, appears
ldentical to the cosrsely crystalline szeolite that lines the
vesicles, Judgling from the low pétaunium content of the
rock, however, 1t muet be of & variety of phillipsite poor
in potash, The distribution nnggasta that 1t le derived
from the decomposition of the feldspar and that 1tv£1110
drusy cavities in an open textured rock, |

The field reletionship indlcates that the concentration
of olivine 1s due to the grevitational settling of the coarse
greine, The decrease iu olivine at the base may be easily
explained by the chiliing of the contact prior to,dirrirw
entistion., Additional support lies in the faect that the
uppér phase 1ls very nimilar'putrograﬁhicallyito the olivine
rich zone except for the sbsence of the phenocorysts.

from this 1ntorpret§t1nn. the bessl six inches of the
flow whogld represent the undifferentiated lave. The gravie
‘tatlonal separetion of crystals should have depleted the
upper zone in the same condtituents that enrleh the lower,
In chemical analyses of the espping phase, the olivine rich

zone and the ehllled base, the latter shows a'yarcentago of
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each conntitnﬁnt lying between thbt of the other two phases.
{Table X) The 6livine zoneAxu found to be g reatly enrieched g
in magnesia end to m minor extent in the iron oxides, while
the other constituents 81l show & genersl decrease. On the
other hend, sside from a loss in Lydration end s negligible
decresse 1n mengenese oxide, the upper rhase shows = loss
only ip megnesis and the iron oxides, while the other con=
stituente 1lncresse, The low clivine content in the caleulated
norne of both the basel phase and the segregation 18 obw
vioﬁaly due to the oxidetion of the wafies,

Prosumably the chsnge in megnesis and iron 1s the con=
tvollihg fector and 1s explained by the varietion Iin the
olivine content, Since the magnesis grestly predominstes,
the olivine should approech forsterits in camvoaiti&u, The

tndices of refrection for its three ray diraatimno, hotev¢¢,

rnngo'npproximntaly from 1,710, to 1.690, snd, therefore,
aecording to ¥Winehell (60), it should be close to an iron riech

(60) ¥, H, end i, N. Winebell, "ilements of Opticel
iineralogy, Part I, p« 167. _ ;

veriety. This discrepsney is not explained.

The eapping zone, including its vesicular surface, 1s
only ibout ten feet in thieckness, Judgling from chemleal
anslyses the depletion of this zome cannot account fnr the
extreme concentration of olivine beneath 1t. Considering
the initlel composition to be represented by the chilled

basal phase, the loss in megnesia in the upper zone is
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only a tnlré of thet gained in the lower phase of twice thi
thlekﬁ@na,
The gradation to the thin basal margin prestically preo-
oludeﬂ an explanation damanding the merging of suscessive
sheets of verying composition, #in analogous result, hﬂwevur,'

might have been attained in the advance of a very fluld

homogeneous flow, Owing te basal chilling the flow would have
been more viscous neer 1ts lower meprgin and a differential
rate of flowage would heave thus been induced, Into this basal
phese the olivine erystels would have settled. The friction
caused by thelir presence would have decressed the rete of
flowege, With the progressive advance of basal chilling and
the slow sccumulation of olivirne, the viscous zone would have
gredually inereassed in depth, whiie the upper more recently
extruded lave might heve continued toc flow zt the original 7
speed, If this occurred nesr the vent where the fresh lava
would have been still very fluld and hilgh in olivine, the
differential movement between the two zones would have perw
mitted the local secumulation of phenoorysts from an ine
definite volume of basalt,

The progressive advence of viscosity upwerds from the
base would explain the even distributlon of ollivine instead
of the extreme besel concentration. The dlfferentiel movee
ment would account for the sharp contact between the two |
phases, The local gradations might be accounted for bj the
friction between the two layers and by the rise of gaees
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itbersted Ly the lower phase. The veeleulsr segregations

testify to the loesl sccunulation of volstiles, while
vertical concentrations of zeolites in eylindricel zones

- &n ingh or two in dlemeter were presussbly ceused by the

rise of geses through the rather visgous lave high in olivine.

Ferilodle Differentiation
Upper Alvord Sasin

Although the sueccessive flows frequently very in both
the concentration snd the size of pheuou#yutn, as well as in
the erystallinity and the aslteration of the groundmass, no
marked distinetion as s whole was observed between the upper
and lower members of the serles, Chemicsl anslyses would
undoubtedly show a fluetuation in composition, but probsbly
& rather irreguler one.

On the north side 5: Upper Alvord basin, the searp,
whioch 1s sbout & thousand feet in helght, exposes basaltle
flows thet sro considered to correlate with the top of the
Steens lountsalin series, These flows appesr to show &
periodie repotition of nmvur#l types, These types conslst
nanely of cosrss bussltie ejectaments at the bottos followed
by'domoa\glnnay buselt, then wore fluld gopen textured lave .
end finally the very fluld type kigh in phencerysts of
labradorites Chemical anniﬁa&n indleated the glassy rock
to be decldedly more scldic then the open textured varlety.
(Teble 11}

This repetition 18 thought tn.ha due possibly to the
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Table XI « Part £

1 11
Quartzﬁ-«—~ Bl — «24 5416 |
Orthoclase , B+56 ' 9,45 ]
ALbite =-mms wameemmne . DBylS o peeTe
Anorthite wewe- : 32,80 | 25,02
Diopside =~ ,' - o 9,83 3,93
Hypersthene =eee-ecssss 15,10 16,84

Magnetite SR 3.25 2478
T L T P ——— 5.78 6,08
Apatite o o o o 1.34 2469
L T RS —— «08 .05
F8LEr mmmmmmmmommomecan—- 90 .14

100,01 99,86

Norms caloculsted from the enalyses in Part 1.
I. Hessose, C. I, P. W, Symbol, II".5."4.4.
1I. Hessose, C. I P« ¥, Symbol, II“@”5§{5)41\"‘1
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.differantintion of a dike during‘parioﬁu of guiescenco. Tﬁo'

surface lave presumebly would ¢hill and thereby cause a re-

tention of the volatiles beneath it, While the magna wes

ut#tiaw the pbonoaryata of labradorite are thonght to have

formed and to heve settled to a zone of equilibrium, where,

owing to pressur¢, the density of the liquid véuld equal

thet of the erystaels, Thls hypotheticsl sinking of the

labradorite demande & high volatile eoﬁtont to reduce the

specific grevity of the magme, . In this magme, the volatile

eontent would probably have been relatively homogeneous and

yet, with greater depth, the temperature might well be exe

nectad'to have increased, If the accumulation of volatiles

or tensional forces caused & renewal of activity, the

¢hilled cap might have been ejected explosively. With con=

tinued sctivity the hotter leva from a grester depth would

nave formed the open textured flows, whiech would have been

followed by the ones rieh in phenoeryste, Frou this hypo-

thetical intarpratution, the open texture with its wore i

coarse crystallization is attributed to a reletively high |

teuperature as well as to the stlll more essentisl high 4
i
|
|

volatile uontgntu

Dikes |
Besaltic dlkes ere frequently engountered on the
oestern scarp of Steens lountain, 4 number of these may be
observed to traverse the underlying tuffe end levas, but some
of the most prominent ones are expgsed cuttlng the.bnualtia
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series in the lower clrgues, ?hL size and orientation of
these dikes varles greatly. ilost of them, however, are
vartiea; and the lerger ones ere confined to an approximate
north and south axis, (Pigure 7)

Many of these dikes show cosrse phenocrysts of labrado-
rite and presumably form the feeders for the avarljlng
basaltic serles, althoughAuumo may be of later origins They
usually, however, lack the open texture, and resemble the
altered phases of the flows, for the retention of volatiles
has resulted in the impregnation of deuterle residuals, In
some instances the alterntian is very irregulsr and in other
cases confined to well defined vertlcal bands, In some
dikes, chlorophaeite occurs as minute globules confined to
vertical bands, The merked contrast in the resistance of
the two phases mey glve the appesrence of & rmltiple dike,
The locallization of the alteration appears to be due to
the irregular distribution of the volatliles at the time of
consolidetion. Loeslly these bends appesr tarbe explained
by marginal chilling, but the evidence is not conelusive,

A number of the larger dlkes exposed in the glaéinl
cirques ere formed by successive Intrusions and hence are
true multiple dlkéi. The lergest of these multiple dikes
oceurring et the base of several of the lower clrques may
be traced for msny-milda es & wall whieh ususlly is ebout
fAifty feet in width and locally rises close to one hundred
feet in helght. (Pigure 98) £1though the exposures arc not
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Figure 98. On the left may bé seen the broad
multiple basaltic dike cutting the basaltic series
in the cirque of the south fork of Alvord‘Creek.
The saddle marks the position of the two hundred
‘foot high angle normal fault with the downthrow
of the main mass of the mountain, The prominence
on the right rises about five hundred feet above
the saddle, The exposures to the west have been
bevelled by sliding talus. This fault 1s viewed

from the north in Figure 17.
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: . i i . L n
eontinuous, Waring (61) considered the southern continustion

ff(al) G. A. Wering, "Geology end Yater Resources of the
Harney Besin Reglon, Oregon," U. S. Geol. Survey, VWatere
Supply Paper 231, p. 228, :
| ) )

of this lerge dike to form a prqminant exposure nesr the
southern end of the eastern scarp hounding $m1ﬁﬁ'F1et.

fost of the dikes are approximetely vertieal, In the
fault zone between Toughey lreek and Pike Creek, hu&evei. :
two small basaltic dikes follow an 1nelinad course parallel
to the planes of the atep faults and dip eastward at about
eixty degrees, The exposures unfortunately were not sufe
ficiently distinet to prove 1f elther dike were displaced,
It is possible that these dikes may have been contempo=
raneous with the inltial movement on the fsults, One of
}theie 6iksa, on coming in contect with a tuffaceous bed,
follows 1t for about a hurdred feet and then cuts upwards
with the same inolined orientation as 1ts lower part. These
dikes are probably contamporanooui in origin with the scmall
sills of similapy ﬁompoaltien, whieh cut the lower tuffs in
Fike Creok.

Only on £h¢ northern side of the losquito Creek cirque
(Figure 99) was an exposure observed that suggested the actual
outruii#n of basalt caunsed by e dike passing into & flow,
Unfortunstely the locality is lergely covered with talus end
morainal materlal, The exposure shows & coarse basaltic

breceia enclosed in & reddish vesiecular lava, some of which
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Figure 99, Looking westward at the basaltic
series in the lower cirque of losquito Creek.
The basaltie vent 1s exposed in the lowermost
outerops on the northern side of the c¢irque.,

On the opposite side of the valley, small normal
faults, which dip both to the east and to the
west, are obvious from the displacement of

interbedded stratified tuffs.
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ts of @ brillfant shade, At 1ts western margin this lave
erosscute the previcusly mentioned bed of grey stratified
tuffs, which e inturﬁnudud in the serles, (Flgure 100)
vpn§é4§ to the west the basalt appesrs to merge into thin
flows some of which src less then a foot in thickness,
Jointing end differentlsl westhering csuses the flst sheets,
(Figure 101) ‘whieh ere principslly under two feet in thick-
ness, to be very apperent, but on examination ﬁho-#etual
contacts mey be difficult to see, snd the change in mppear-
ance may be found to be due to & variation in vesieularity.
ihese sheets are ooﬁa&dornd to have been formed by thin
tongues of very fluld leve sdvaneing from this minor vent,
which 1s not exposed to a sufficiont depth to pweva'it it
1s a fissure eruption.

The Later Series

On top of Northern Steens séme fragzents of aoldie
lave sugrest that @ capping flow may have been removed by
erosion, In High Steems the basultic flows form the
surface of the bloek, South of Smith Flat, however, the
pugred erest of Southern Steens 1s formed by & flow of
dense reddish brown lava which cape the vesaltic series,
This flow, which 1s at lesst one hundred and fifty feet In
thickness, appesrs to be & typleal trachyte, In thin
section small phencerysts of orthoclsse sre found In &
ground formed of indistinet iaughly sligned feldspathie

mierolites, which wers not deterzinable.




Figure 100, The flaring mergin of the basaltic vent

erosscutting the stratified tuffs interbedded with

ct

the lower basaltic flows on the northern side of the

s

osquito Creek cirque.

Pigure 10l. Thin basaltic sheets extruded from

the vent in the losguito Creek cirque.
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In the southern part of Fua%lo‘yount;in a flow of grey
rhrol!te‘oapa the baseltic series. This flow, which is ebout
three hundred feet in thickness showe pertially resorbed
phenocprysts of quartz about two miliimeters in diameter in a
eryptocrystalline groundmass, It was once sugrested by
Serriam (62) thet this flow right correlate with the canyﬂn

(62) J. G, Herriam, "Tertiary Hsmmal Beds of Virgin Valley
and Thousand Creek in Northwestern Nevads," Univ. Calif,
Publ., Bull. Dept. Geol., Vol. VI (1910}, p. 32.

Rhyoliio to the aouth,‘ Aside from the inecreased discrepsnw
ey between the ages of thelr overlyling sediments, whiech has
slready been discussed, chemipgal analysés of the two lavas
sugrest & distinctive origin, (Table XII)

‘Fest of Alvord Desert the basaltic serlies exposed in
Upper Alvord basin greduslly deecreases in élevation with a
gentle dip to the south. Before the uppermost flows of this
Steens Nountsin Besalt disappesrs beneath the slluvium, an
overlying series of tuffs and lavas arec oxposed sbove them.
This serles, which shows & thickness of alwpet six hundred
fect, forms & butte sbout four mlles in length, (Figure 102)
On the north 1t is completely trunceted by en erosional
escerpment, At the southern end of the butte,n.rar lower
escarpment marks the removal of the upper half of the serles,
Fapther to the south the lower members continue to form the
fault sesrp for several miles, They are eroded when the

underlying basalt is sgeln exposed ﬁy transverse faults.
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Table XII = Part 2

¢ IX

Quartz = - ———— Be52 30.086
Orthoclase =e=e=m=s 16468 51.14
Albito‘ - - o v 29,87 3le.44
Aporthite =eerweowesus 25,30 1.67
semite . . e o e e et
Diopelde weememeeaensn - 5,07 2426
Wollastonite weewesnew one 12
Hypersthene ==eeseems ' 9458 ————
Nagnetite ==e-- 2e66 2,09
Ilmenite o .76 15
SUlphup === - <07 e
#eter - w130 a0
99,70 99,63

Norms caleulated from the esnalyses in Part 1,
I. Shoshonose, C. I, P. %, Symbol, "IL.,"5.3.3",
11, Liperose, C. L. F. 7. Symbol, T."4,1"4(2) 3,
I11. Alaskose, C. I. P. W, Symbol, I.3".1."3.

111
41.786

26,72
+92
2413
46
46
o 61

- > -

90,74
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Figure 102. The scarp east of Alvord Desert,
showing in the center the northern end of the
butte in which the later members of the serilies
survive. To the left the structure may be seen

to be gently dipping southward.
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kY
Tﬁe_lotarmOst,exposures above the basalt are formed of

a black father vitreous lava, which was proved by chemiecal
analysis to be a latite. (Table XIII) In thin section it |
ghows réughly aligned feldspathic microlites in a glassy
~ ground. -This latite forms an exposurse about two hundred
feet in thickness and can be traced southward at least five
miles. From its persistence 1t appears to form a stratl-
graphiec unit,'but its characteristics, wherever observed,
suggest that 1t directly overlies a flssure-llke vent which
was later paralleled by a very atraight north-south fault.

The surface is formed of vesicular breécias, which
fluctuate gently at least fifty feet in elevation., In &
manner rather similar to thet of the Steens‘Mountain ande~-
site, the breccias are injected by aphaniti¢ lave showing
1rregu1ar plety jointing that 1is pradominataly highly in-
elined. The breccias with their elongate véaicles are not
confined to the near surface phase, but als& oceur in broad
vertical zones, into whiech the dense lava bd&h grades and
1njects. : §

Unfortunstely the contsct with the baaﬁit is not ex=
posed, but vertlcal flow structure, occurring\ﬁithin fifteen
feet of the surface of the uppermost member df the basaltie
series and at the same level, suggests that ﬂhe latite is
erosscutting. In addition an adjacent open fextured flow is
highly altered. Although the relatiomship 1 Enot distiﬁct,

the latite is considered to have welled from<ﬁﬁ elongate
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Table XIII - Part 2

X

Quarts weews 17,04
Orthoelase = — BOLET
Alblte == 34406
Anorthite =ws cmmmemmn 18,07
domite =- - PN
Diopside = e 2,04
Hypersthene - 3,38
Hagnetite meee - Bedd
Ilmenite = - 81
spatite == “ o - «34
ater weecees - D10
100,12

1x
40,74
25,58
26,20
3,23
3,13

e v

100,14

Norme caleuleted from the analyses in Part 1

Io TOIG&!!OBB, ‘C. Il Pt ’_j»‘\"‘ gmel’ 1",4”@2“-3,%‘
II. 4Alaskose, C. I. ¥, ¥, Symbol, 1.,3".1."5.
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vent, parallieled by the scarp, aﬁé to have formed & thiek
viscous flow eapping the basalt, ‘

4% the northern end of the butte thle dark brececis 1s
uverlalg-by stratified cosrse sediments, which are probably
- of tuffaceous origin, 7These uonta;n mach orthoelase and a
minor emount of biotite., This bed, whieh is only about ten
feet in thickness, is indursted at its upper surfsce by &
basaltic flow which is sbout fifty feet thieck. This flow
ies highly decomposed apparently fror deuterie alteration,

Above this basalt is & flow of rhyolite whieh outcrops
persistently to the south for sprroximately five or qlx
miles, At the northern end of the buttec, the flow ls ebout
forty feet in thickness, /At the southern end it is locally
considerably thieker, but here the underlying basslt 1s
absent and the rhyolite rests on light grey tuffs, whiech
overllie the latite, 5Sti1ll farther to the louth,ghe rhyo=
lite appesars to\halln direct econtact with the lower lava
and varies greatly in thicknees depending on the irregue
larity of the surface over which 1t advanced., In spite of
tﬁe fapt that the rhyolite appears to have been relatively
fluld, chemieal analysis shows it to have been highly
silleiec., (Table XIII} Quartz phennerysts one to two willie
meters in dlameter form less than five perecent of the rock,

Above the rhyolite there are light eolored stratified
'turfa. which et the southern end of the butte, are close to
two hundred feet in thiciness, To the north, these beds
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thin gradually to about half that flgure, These sediments
are averlaid'ﬁ& a small series of basaltic flows, Viewed
from the desert this cappling seeus to be slightly noncon=
formable towards the north, for the sediments and the unders
~ lying series dlp southward at sbout two degrees, while the
flows sppear to be h@rizont§1¢

Aslde from this veristion in inelinetlon, the irregu-
lariiy of the surface on whioh the basslt wss extruded
 demands a slight erosionel intervel. Owing to this irregu=
larity the series varles from seventy-five to tﬂo»hunﬁ@ad
feet in thickness, Individually the flows renge from ten to
twenty-five feot 1n depth. Although they sttained a falrly
flat surface they were relatively viscous in comparison to
the Steens Hountain serles,

The increased wviscosity is apparent in the field not
only from the absence of an open texture, but fron the
elongation of the vesicles snd frow the presence of surface
features thet indleate movewmente in a partlally solldified
leva, In thin section some specimens show a marked nlignw
ment of feldspar and 1n addition permitted an ophitle
erystallization of a light colored pyroxene in locsllized
patohes, between which are smsll altered grains of a mineral
suggesting ollivine, 4slde from this & few larger grains of
‘olivine tgroobaar&ed.

To the west of steens Hountaln verious lavss and coarse
turfu.or logel distribution form the ecapping rock, but 1t is
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usuelly impossible to determine tieir exact stratigraphic

relationship to the grect basaltiec series, In Warner Valley,
north of EBluejoint Eim, the overlying series forme the low
scurp, which rises about four hundred feet in helght, Un=
fortunately the exposures sre for the most pimt mnsatise
factorye 7To the south & fault of undeternined diupluammont‘
masks the preclse relatlionship to the Bluejoint series, for
the basalt Is not exposed at the bese of the low searp and |
no resnsnt of the rorthern series was observed on the upe
thrown side, | |

This northern series was found in several sections to.
vary considerably. In general, however, 1% cnnjiaﬁm of
light buff colored tuffs with which a few minor basaltie
and secldle flows are interbedded. The lower baseltic flows
are of a rether sphanitic derk colored type secompenied by
scoraceous flow brecclas, These basal flows have no analogy
to those eapping the Bluejoint Rlm a few miles to the south,
How far they sre separated stratigraphieslly could not be
determined. It 1 of interest to note, however, that two
small open textured flows, rather simllar to those of Blue=
joint Him, oeccur nesr the top of this small northern series
above the tuffs, 3

Towsrds the northern end of the scarp, the serles dips
northward at about one degres, [ere 1t hsas beon roughly
bevelled by erosion to an Iirregular hérisontnl surface and

has been unaonrarmably ovarlaid by & eoarsely jointed
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agidie flow, which shows eryptocrystalline quertz in a

highly keolinized felsitic ground., This lava is remarke
ably high in lithophysae end in lrreguler gaes cavities, It
probably owediita grost fluldity to a very high volatile

. sontent. ﬁhﬁut twenty miles to the north in Buzzard Canyon
a similar lave wsy possibly be part of the ssme flow, This,
however, 1s overlaid by two thin basaltie flows, which sre
capped by a well consolidsted bre¢cis consisting largely of

coarse pumiceous and glassy fragments,

Tho‘nirrarantiaeion of the Volesnie Seriea

The thickness of the great vnléanle series strongly
suggests that the extrusion oscurred in a structural basin,
the depression of which may have both preseded and accompaw
nied the voleenie setivity, 1f this sagzlng took place in
the form of a downwerp, there would have been & looal dis-
tenslon of the erust at depth, as In the csse of the convex
side of & bent beam, Following the same analogy, this sube
sidisry tensional effect would have decressed upwards to the
level of no strain end above thet point there would be in-
uraasing.oamﬁresaionﬁ The effect ot‘tha latter might be
-neutralized by reglonel tension. |

The subsidiary tension at depth might logleally have
rnauitéﬁ in the formation of flssures tepering upwards. The
basaltle magme liqniripﬂ by this release of pressure would
have risen oimultanabualy into these wedge shaped magmatic

chembers., The subsidlisry compressional effect, however,
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inereasing towards the surfaee, would have prevented the

extrusion of this basslt se flssurs eruptions, Instead,

with frsctionasl eryetallizetion, possibly aided by assinie
lation, this megue would have differentiated into wore

- aoidle tyﬁun. Then regionsl tenslon or perhsps merely the
gradual ineresse of gnl'prmnauru‘wanld have caused these
elongate @ngmatte chambors to become the lpel of voleanle
activity.

On Steens lountaln, the noqnunca'ahuwn. in general, a
deoldaed pvdgraanion in camgauitian,rram aeldic to basie,
while the theoretiecal course of differentistion by the
fractlional cryetallization of ¢ single megmetle wess should
have progeeded in the reverse direction,s The vents of the
Pike Creek voloanlies and of the sndesite are slmost in cone
junetion and from all geologleal evidence appear to be cone
fined %o e vory short span of geologle time, In this ine
stence 1t 1s, therefore, rether difficult to goncelve of a
nusber of separate chombers, so closely distributed both in
time snd apea, velng unrelsted, especially eince the great
mess of oxtruded material demends a relatively lurge Source.
With the renewsl of the crustal sag:ing, which ¢sused the
initial formatlion of the hypothetiesl wedge, 1t secms
possible to the writer thet the differentlating magme wight
have suffered grudﬁ;l or #@ri@ﬁia contanination by the
sdditlon of fresh basalt, causing 1% temporarily to revert

to more basle composition,
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Although these locsl v&riuti&nm.mny ropresent stages in
the differentintion of & single msgmatie chamber, the variety
exbibited in the great voleanioe laqﬁamna of southern Oregon
ia nttr}butad to unrelated centers of setivity end not to &
- wide spresd reglomal betholith, Conditions controlling loesl
dirferentiation, however, might have been 80 general that
eipilar rosults were attained, perhaps simulteneounsly, in
widely separated reglons, |

This hypothesls coincldes with the faet that the
visible volesunle sotivity is confined lurgely to the vie
cinity of the major starps, slthough other eéontere zay be
hildden, The presence of grest discordant wedge«like masses,
however, would have csused the loeslization of the mejor
lines of tenslonal weskness, It 1s possible that the sub=
naquent'oleintiun‘ur the acldie volesnice 18 in pert due to
the isostatlio adluwstuent of these lighter differentieted
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CONCLUSION

The great volcanle serles of Steens lountaln 'iu OXw
truded between the ‘iddle iocene and the latter part of the
Pliaeinoa hside from the arvttnllins rocks exposed in
Fueblo “ounteln, the oldest formatlon in the reglon consists
of stratified meldie tuffs, which, from paleobotenicel evie
dence, correlate with the Weascal Formstlon of the Niddle
¥iocene and, therefore, overlie the Columble River Basalt of
northern Oregon and Washington, Eefore the attrutlon of the
succeeding members, these bede were deformed both by a
bagaltic 811l end by a rhyolitiec laccolith,

The lower part of the overlying serios consiste locally
_of fiftesn hundred feet of asidic laves interdedded with
stratified tuffs, The lowest flows sre of highly seldie
rhyolite, while the upper ones are of bilotite-dacite. They
were fallonad by the extrusion of sndesite to a maximum depth
of nesrly two thousend feet, Capping this andesite, which
eonsists chiefiy of & single huge extrusive mass, are thin
basaltic flows forming a thiakuoaa of approximately three
thousend feet. | |

The vuni:~fnr all the major extrusives on the mountailn
are exposed in the desp valleys eroded in the scarp. The
lava invariably appears to be derived from elither fissures
or elongate vents that roughly parallel the mejor fault zone,
The successive vents oceour progreseively farther from the

base qr the scarp and nearer to the main mase of the mountain,
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In the lower fsult blocks of the region, & varled serles
of scidle, interuediste, and bassltic lavas, interbadded'with
- tuffs, cab the great thickness of basalt to a depth of avout
six hungred feet, These show & few minor intervals marked
by an angﬁlar or an eroslonal unconroimity. Excépt for these
features and the deformation of the basal tuffeeeous beds,
there ls no obvinuu indication of an unconformity in this
great series.

AXthough thils thesis furnlshes & fairly detailed report
oh ihe‘ureal geclogy of & section of southeastern Oregon, 1t
is hoped by the writer that the major importance of these obe
servations lies In thelr testimony regsrding a number of
geologleal principles., Hany feetors render thie region
almost ideal for the eluecldation of the mode of origin of
various phenomena both of & structurel and petrologleal
gignificance, The relative sinmplieity of the geologle se=-
quenee, the youthful stage of the erosion, and the sbsence
of vegetation, all contribute to & more precise interpretae
tion of the origin of the strueture, while the sxcellenee-ar
the exposures and the sbsence of waathmrlng aild in the
solution of local petrogenetiec problewms,

The reglon is structurally important in ag much as 1t _
permits the establishment of definite eriteris whieh indi-
cate & tensional origin for the local horst and grabeh
strueture, The faults defining the bloeks are merely the

northern continuation of those delineating the renges of the
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Grest Basin, Additionsl testimony 1s thereby furnished for
the tensional origin of the basin range :&ruﬁﬁuraa

The petrogenetic dste obtalned from tbd reglon give
ovzdanup on many problems of warylng importanoa. To follow
~ the ehronologieal sequence of eventa, Lhe f&rat point of
v jor intur.ct lies in the verlous types ntfultorsttaa
suffered by the aezdla tuffs at the base oi the serles,
These conslst of the extreve aptalia mntaanyhiaa at the
sontact or the major baseltic aikau. the ﬁraen soloration
due to tno acidic intrusions, snd the ronputiun of bedded

opal by secondsry alteration, The 1attué 18 of 'apoainz
interest since the beds strongly rnaemblr the ehert usually
asoribed to the depoeition of colloidal/uiISoa‘

In the seidie lsves, the pringipel ﬁmpurtnnea 1les in
the £ntorpm&ttt1¢n of the vent aharaat?riutiou, which cone
- slst ahlodly in the im¢lined plety joﬂntlng and in the
loeslization of epherulitee, The uaqnl slteration of the
pcrl!to‘aajgnumt to the epherulltes /le attributed to the
volatiles expelled by thils reldnnntﬁic orystallization. In
the mesnlve lava, the roeck bardartnf the major joint cracks
is locally leses keoliniszed, due pszumnhly to the liberation
of the deuteric volatiles, }

Frobably owing to ite unpraaaﬁonton magnitude, the
gp@ct fliow of apdesite exhlbite seversl pheses that demeand
an original interpretstion, In br&et. the evidence Iindiw
cates that the very amtanaivn 1nju¢ﬁ¢a breccias overlying

the ecolummar phase ere mepely & aqrtdne feature formed

e
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during the gradusl consolidation of an extruded mass, which
was 8o vest that it even developed prominemt satellitie
activity. .
Tnhe basaltic series shows many interesting phenomens.,

The pecullar "open #amture“, whieh 1s attributed to the
high voletile content of the lava, has appsrently never been
previously douariﬁedi nlthoéghAtho.bnnalt otherwlse 1s
corparatively normel both in 1ts mineralogleal and 1ts
chemical composition. Thie volatile content has resulted
in other peeullarities in the‘oeriaa.- In thtia'tiuva.‘au
well as in some of the acidis lavas, the rock adjacent to
the major joint cracks is locally fresh, although the
eentral portion of tholbloekn may have tufror'd nxtécms
endonorphie alteretion, This corrosive setion of the
dauttrlairoaidnnli occurs oniy vhere the volatiles were un=
able to escape along the cracks. Although many of the flows
are of a type that should have been ideal for tha-dovnlopmant
of convectional columns, that theory was found to be untenable.
This fact suggests a contractional orlgin for the jointing.

| xﬁia sories aleso exhibits various typee of differentle~
tion, Small horizontal megmetiec segregations are relstively
eomron in flows thet have been high in vﬁlattlon. These
segregetions, following the laws of fractional #wrtﬁnllisa-
tion, show sn incresse in sillee, potash, sode and ferrous
oxide. Local concentrastions of cosrse phencerysts of labra=
dﬂrité were attributed in part to gravitatiomal settling
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during the flowage of a fluid lava, the relatively low

specific gravity of which was due to & high volatile content.
In one flow en extreme basal secumulation of olivine greins
is considered to have been ceused by the gradual settling of
this mineral during the long eontinued flowsge of 8 more
moblle upper zone.

fslde from the varlations in the series due to the
local settling of the phemoerysts during flowage, some flows
ore decldedly finer in texture and more acidie in composition.
This phenomena 1s especlally noticeable in Upper Alvord
basin where the various types of basalt show & perlodic re=
petition of thelr sequence, This verlation is sttributed to
the differentiation of a dike during periods of quiooeanee;
The postulated origin, however, 1s of a hypothetical nature.

The ssgging of the structural hejin, which this voleanie
series f1lls, demands the local distension of the erust at
depth, This tension is considered by the writer to have pepr=
mitted the rising of bssalt as a primsry magme, into fissures
which tepered upwards, The lsolsted magmstic wedges, thus
formed, mlght have differentisted both by fractional crystele
lizetion and assimilation. These wedges would heave parallels
ed the major exis of the sag end also would have beenm normal
to the prodominate tensional stress. Voleenie activity
might be due elther to the accumuletion of volatiles or to
tensional forces.

The faet that the serles in & single loeality frequently
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aggcrtoﬂ to a more basie composition iz attributed elther

’to»awuptiona from unrelated magmatiec chembers, or to the

periodic contaminetion of the differentiating magma by

the addition ofirraih basalt., It is also suggested that

the loeallzation of the scldlec differentlates maey have pe=

sulted in i1sostatic adjustment at the time of the major

feulting and thereby mey explalin the extreme elevation both
yl_of High Steens and of Hapt Nountalin,
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VIZA

Richard fugene Fuller wes born in New York Cilty June
1,.1&§?u His esprly education was obtained in private
schools 1n that e¢ity. Subsequently he attended the Hill
Sehool of Fottatown, Pennsylvania, After four years, he
recelved & degree in sclence from thet institutlon in
1918, He then entered the Yale Sheffield Selentific School,

and enrolled in the department of chemistry.

He left eollege in April 1917, and enlisted as an
Ambulance Driver in the Americen Fleld Service., He re=
signed from that service when it was taken over by the
American Army and returned to the United States, He then
enlisted in the Coast Artillery. After attending the school
at Fort Yonroe, he was commissioned as Second Lieutenant
and was sent to France, There he graduated from the Heavy
Artillery School at Angers and was sssigned to Buttory B
of the 42nd Artillery, C.4.C. |

_ After recelving his dilscharge, he spent one year
travelling in the Orient. On returning he enrolled at Yale
as 8 senior, end in June 1921 recelved s degree of Eachelor
of Philosophy, honoris sousa. aftur graduation, he worked
for & year in a bank in Salem, Oregon before returning to
scientific activities,

In the sutusm of 1923, he entered the University of
Washington as & student of geology, and recelved a degree



of Bachelor of Selence in 1924, snd that of Master of
Selence in 1928, Lxecept for two quarters in 1925, whieh he
devoted to travel, his time has subsequently been divided
principally between research and outside activities, which
are chiefly connected with the irt Institute of Seattle. He
was elected trustee of that institution in 1928, Viece
Fresident in 1929, end President 1n 1930, VWhen necessary,
however, heé hes served in the department of geology as a
teaching fellow. For the iuat year he has held the rank
of Assoclate, For the coming year, the Unlversity hes
appointed him Assistant Professor of Geology with a re-
search appointment, He has been an agtive member of Sigma
X1 sinee 1928,

#hile sttending the Gnivoraity of Washington, he
published the following articies:-

*The Closing Fhase of a Fissure Iruption,” American
Journal of Seiemes, Vol. XIV, (1927), pp. 228+230.

“The lode of Urigin of the Color of Certain Varicolor-
ed Obsidiens,” The Journal of Geology, Vol. XXXV, (1927),
PPe ET0=5T73.

~ "The Asotin Craters of the Columbis River Basalt,” The

Journal of Geology, Vol. XXXVI, {1928), pp. 56-T4.

(with Hartin 4. Pescock) "Chlorophaeite, Sideromelane,
and Palegonite frowm the Columbis River Plateeu,” Asmerican
¥ineralogist, Vol. 15, (1928), pp. 560-383,
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