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GECOLOGY OF THE NORTHWEST QUARTER
ALVORD LAKE THREE QUADRANGLE, OREGON

INTRODUCTION
Locetion and 3ize

The Alvord Lake Three gquadrangle is in Harney county
of southeastem OUregon and lies between lat 42°00' N. and
lat 42°15' N. and between long 118°45' W. and long 119°00°
We Note index map, Plete l.

The mapped area is approximately 100 miles due south
of Burns, Orezons It is accessible from the north by leav-
ing the Frenchglen-Fields road ét the western end of Broad
Valley, and following a road along the base of Catlow Rim
8 miles to the aouthwastQ #rom the south, the area may be
reached from Nevade Highway 84 by turning north at the
Thousand Creek Ranch snd traveling approximetely 20 miles.
Roads in the area, although numerous, arequop trails
which are difficult to travel. | ‘

The area mapped is & rectangle, approximately 9 miles
long by 6 miles wide.

Purpose and Method of Study

The objective of this study was to map and deseribe
the areal geology of the northwest quarter of the ilvord

Lake Three quadrangle. 4 special effort was made to



OREGON

orney

o
| OREGON

"NEVADA

Plate I. Index map showing location of mapped area In Harney
county
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‘detarmina the origin of the Canyon “rhyclita" formation. |
The project was accomplished by field work during 9 weeks
of the suumer of 1958 and by axamining rock samples in the
lavoratory during the following winter.
The geology was first plotted on aerial photographs
prior to being dransferred to the hasa maps 4 blue=line
drainage map auppliad by the Oregon State Highway Depart-

ment was enlarged to 1:31,680 and used as the base.
Previous Investigation

The earliest reports on geologilcal reoannnissancas
of the general region were made by Blake in 1873 (3),
Russell in 1884 (29), and by Waring in 1908 (36).

More detailed studies have been done in adjacent
regions. lMerriam (24) published pepers on the Virginm
Valley region in Nevada, which is south of the area de-
scribed in this peper, in 1910 and 1911, Fuller (8)
described Steens liountain, northeast of the mapped area,
in a bulletin published in 1931. Piper, Robinson and
Parks (26) were authors, in 1939, of a report on the geol~
ogy and ground water of the Harney Basin, north of the
REpLOd 8reds

The most recent publications on the general region
are those by Ross (28) in 1941, and by Willieams and Compton

- (39) in 1953, both in eonnection with a survey of the



quicksilver deposits in the Stesns-iueblo area.

Frevious work has resulted in econflicting interpre-
tations of the relationships and ages of the formations
in the surrounding region.

ierriam (24, pe 16) first deseribed the Canyon "rhy-
olite" formetion in Virgin Valley, where it directly
underlies the Virgin Valley formation. The latter forma-
tion contains vertebrate fossils of liddle idocene age.
The Steens basalt aﬁ the southern part of Pueble kountains
ie overlein by a grey rhyolitic roek which he believed was
also Canyon "rhyolite". lLierrism concluded therefore that
the Canyon "rhyclite” and Steens basall were unearly the
Same BEe.

fuller, however, thought that the iteens basalt was
of kiddle or Upper iiocene age, end therefore younger than
the Canyon "rhyolite". He collected & fossil flora from
the ilvord Creek formation, which underiies the Steens

.voleunie rocks along the sastern escarpment of Lteens lioun-
tain. Chaney (8, pe. 114) considered the flors to be simi~
lar to that which is found in the Lascall formation of
central Cregon, and tharafére of kiddle lilocens sge. Mule
ler {8, pe. 115) consequently belleved the Steens basalt,
which oceurs higher in the column, $0 be no older than
late Liocens. Ilie thought that the Canyom "rhyoiiste” was
much older than the Jteens basalt and that therefore the



rhyolitie rock which overlies the Steens basalt in the
Pueblos was not Canyon "rhyolite". Jfuller poatﬁlatea
that the alvord Creek end Virgin Valley formations were
nearly the same age and that the flow of Steens basalt
into Virgin Valley had been blocked by the Canyon "rhyo=
lite".

Axelrod dated the Steens basalt as iliddle Pliocene.
He re-examined the Alvord Creek flora of Chaney together
with additionsl specimens that had been cocllected laters
He acknowledged its similarity to the Lascall flora but
believed the ilvord Creek floras to be of early Lower
Pliocene age because its leaves were smallers Aixelrod
attributed the small size of the leaves to the more arid
climate that was thought to have begun in the early FPlio=-
cene age + The ?hdusana Creek formation, which overlies
the Steens basalt on the west flank of rueblo liountains,
has been dated as late Middle Pliocene by using vertebrate
fossils. Axelrod considered this formetion to be the
oldest rock that overlies the Steens basalt. Relying
upon this and his dsting of the ilvord Creek flora, axelrod
dated the Steens basalt as iiddle rliocene (l,'pﬁ 247 )

Wallace's work at beatty Buttes (85, p. 117) suggests
an older age for the Steens basalt. The Beatty Buttes

area is approximately 30 miles west of the southern Steens
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Mountains The area contains fossil vertebrates which were
deseribed by Wallace as comparable to those in the Virgin
Valley formation and those in the kiascall Tormation.

In reference to the supposed correlation of the ilvord
Creek with the Mascall, Wallace states: "Thils would like-~
wise suggest a correlation with the Beatty Buttes horizon,
since the fauna from the latter is naarly.relate& to the
Mascall assemblage. The Aiverﬂ ¢reek beds, however, lie
below the Steens liountain basalt, whereas the Beatty Buttes'
tuffs appear to rest on these basalts."”

In the region west of the rueblo Lountains, recent
work has disclosed two formations overlylng the Steens
basalt that are older than the Thousand Creek formation.
This relationship was unknown to Fuller and ixelrod.

Cochran {6) found a tuff-breccia, which he correlates
with the Danforth formation's upper member, overlying the
Steens baselt and immedistely underlying the Thousand
Creek formation on the western flank of Pueblo licuntains.
aceording to Piper (26, ps. 44) the upper member of the Dan=-
forth formation rests upon the Steens basalt on the western
flank of Steens lountain.

Eh?olitic roeks in the area of Lone Mountain, which
rest upon the Steens basalt, have been correlated with the
Cenyon "rhyolite" formation by Cochran, Blair, iialoney, and
the writer, thus confirming the originel suggestion of



Merriam.

A8 there 18 no evidence for overthrusting of the
Canyon "rhyolite™, this correlation indicates a Middle Mio-
cene age for the Steens basalt. The Canyon "rhyolite" |
| unferlies the vertebrate~dated Virgin Valley formation of
liiddle hiiocene age in Virgin Valley but overlies the Steens
baselt in the mapped;aréa.£nd on the west slopes of Pueblo
liountains. See correlation chart, Plate 2.

This dating conflicts with that suggested for the
Alvord Creek flora by axelrod and strongly supports the
contention that this flora is as old as liiddle Miocenes
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GEOGRAPHY
Topography and Drainage

The topography of the area is controlled by tilted
faeult-blocks.

Two southeasterly tilted fault-blocks form most of
the northern part of the area and are separated by Catlow
Rim, an 840 foot high escarpment. Large flat-bottomed
playas have formed on the down thrown blocks north of the
rim, ' |

The northeast slope of Lone Mountain forms the south=-
ern part of the area. ZESrosion and faulting have‘thero
formed the major flat-topped ridges and steep-walled can=
yons (Fige 1).

Dissected gravel and tuff deposits lie in the valley
formed between the slopa of Lone Mountain and the backslope
south of Catlow Rim.

The highest point is in the southwest corner of the
area on the flank of Lone Mountain, where the elevation is
approximately 6,500 feet. The lowest point is in the north-
east corner, at the base of Catlow Rim, where the elevation
is 4,650 feet. laximum relief is therefore 1,850 feet.

The priﬁeipal drainage of the area is to the southeast
to Rincon Creek whieh flows southward. However, the draine
age north of Catlow Rim is internal into playas. A4ill

streams in the mapped area are intermittent.



Figure 1. View from Lone Mountain to the northeast showing the Pueblo
Mountains on the horizon. Catlow Rim is in the left back-
ground and Long Hollew is in the middle foreground.

0ot
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Outcrops are common and well-exposed because of the

sparse vegetative cover.
Climate and Vegetation

The elimate is semi-arid. Kost of the precipitation
falls during the winter and spring, although local cloud-
bursts during the summer occasionally result in as much as
one inch of rein within a few hourss. The average annual
precipitation is about 10 inchess The temperature extremes.
range from wi#ter lows near O° to summer highs near 1009,
and the average annual temperature is about 43° (34, p.
235236

The dominant vegetatiom is sagebrush and grasses. It
supports the raising of sheep and cattle which is the only
industyy in the area.
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STRATIGRAPHY

Rocks exposed in the mapped area are mostly of volcanw
ic origin. Those of lilocene age are fha olaaét and consist
of the extensive flows of the Steens baaait overlain dis-
conformably by an intensely silicified rhyolitic porphyry
originally known a® the Canyon rhyolite. Liowever, the
writer has found evidence suggesting that thié Tormation
is a welded tuff, hence refers to it as the "fhy@lite“.

A vitrophyre is interstratified im the formation and is
herein considered as part of the Canyon "rhyolite" but is
rafarre& to as the vitrophyre as opposed to the silicified
rocks which constitute the bulk of the formation.

Welded tuffs consisting of pumice and stony fragments
in a tuffaceous matrix are of Middle Pliocene age and over-
lie the older roecks uncomformably. These tuffs are probe-
ably the tuff-breccia and upper member of Piper's Danforth
formation and are referred to in this paper as the Danforth
(2)e In the mapped area, the writer has subdivided this
member into a tuff-breccia and a tuff.

Overlying gravel derived from the Canyon "rhyolite®
formation and the thin flow of liesa basalt are lnown only
to be of post-iliddle Plioccene age.

The stratigraphiec relationships of the exposed rock
units is shown in the following table, and the areal geol-

ogy is shown in Flate 3.
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SUMMARY OF IXPOSED FORMATIONS

hge Formation Description Thickness (Ft)
Recent Alluvium = Gravel, sand (?)
and volcanic ash
Posgt-Middle A
Pliocene liesa basalt Thin flow of : 0=20
olivine basalt
Post-Middle
Pliocene Gravel Gravel derived Q=46+
from the Canyon
rhyolite™

A A Angu_lar E’ncgnfamity - - - - - -
Middle Denforth(?) Pumice and stony 0-280(7)
Pliogene  Upper liesmber <fragments in a

' welded tuff matrix

- v n e o wemmmme ANSEULAY Unconformity e=eeccecvcocawnasens

Middle Canyon Welded tuff (2)  0-300+
kiiocene "rhyolite"” rhyolitic and

silicified with

interstratified

vitrophyre
B L T ppp——— Di“ﬂnf@mty P - - o . o - -
Middle Steens Normal basalt with 3,000(%)
lilocene basalt rare pyroclastic

lenses
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Steens Basalt

The basalt exposed in the northern part of the mhppea
- area correlates by continuous outcrops with similar flows
exposed on the western flanks of the Pueblo Liountains
which Fuller (8, p. 14) identified as Steens liountain
basalt.

The basalt was originally named "Steens liountain Ba=-
. salt" by Fuller in 1930, but the name was later shortened
to Steens basalt by Piper, Robinson and Park in 1939 (26,
De 50)e

The formation's age is liliddle Miocene. The Steons'
baselt is separated by about 3,000 feet of volcanie rocks
from the stratigraphically lower 4lvord Creek formation,
which containe flora which Chaney considered equivalent
to that of the liascells In the mapped area, the Steens ba-
salt is overlain by the Canyon "rhyolite". In Virgin Val-
ley, Nevada, the Canyon "rhyolite" is overlain unconforme
ably by the Virgin Valley formetion of liddle iflocene age.

The base of the Steens basalt is not exposed in the
mapped area. At the type section of the Steens basalt, on
the east escarpment of Steens liountain 20 miles east of
the head of the Donner and Blitzenkvnlley, this formation
rests upon the Upper Andesite of the Steens liountain ande-
site series (8, p. 101). |

The basalt is immedistely overlain in the mapped area
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by the Canyon "rhyolite" formation, or by the younger
Danforth (%) formation where the Canyon "rhyolite" had
been removed by erosion prior to the deposition of the Dan-
forth (?)s The stratigraphic position of the Steens basalt
is best seen at an inlier of the basalt in a gorge cut in
the Canyon "rhyolite" in the SE; sec. 29, .. #9 8., Re 32 E.

The structural relationship of the Steens basalt to
the overlying Canyon "rhyolite" can not be definitely de~
termined because both formations have been greatly disrupt-
ed by faulting. However, knobs of basalt projecting
through the overlying formations indicate a disconformity
of a few hundred feet relief. The relationship with the
Danforth (?) is one of angular unconformity as shown by
the gentle dip of the Danforth (?) in see 15, 22, 23, T.

89 Se, Re 32 B, in contrast to the variable and greater
dips of the Steens basalt.

Attitudes of the Steens basalt are variable because of
faulting. The baselt with platy parting has been locally
foldad,Aperhaps by drag caused by faultings The result is
variable strikes, and dips as great as 90°. Regionally
the baselt appears to dip about 5° to 20° to the southeast,
as suggested by the inelined backslopes of the fault-
blocks.

The Steens basalt is the oldest rock exposed in the

area; as its base is concealed, its maximum thickness here
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can not be determined. However, it is known to exceed 840
feet as measured at the escarpment of basalt at Catlow Rim.
Piper (26, pe B50) reports that the Steens basalt is nore
than 5,00 feet thick at the type section.

Distribution and Tapagra@hié Expression

Steens baselt is exposed over the northwest part of the
area and crops out in secs. 33, 28, Te 39 S+, Re 32 Es a5
inliers where streams have cut through the overlying forme
ations. It is exposed over approximately one-third of the
mapped area.

" The basalt area generally has gentle slopes except
where broken by recent rault$¢ The surface of the region
southeast of Catlow Rim dips gently to the southeast be-
cause it is the backslope of a tilted fault-blocke Conse=
quently erosion is progressively stripping off the over-
lying formations in the direction of dip and axpasing the
baselt underneath. Northwest of Catlow Rim the basalt area
consists of fault-blocks which have been downthrown rela~
tive to the bloek that forms Catlow Rim. Slumping has
modified the rim only slightly. One block almost one-
fourth square mile in area has slumped into the basin in
seCe 04 Te 38 Se, Re 32 BEe Its surface, inclined toward
the escarpment wall, indicates reverse rotation of the

blocke Reverse rotation is a feature used by Fuller (8,
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ps 17) to distinguish landslides from fault-blockss.

The area of basalt is in the yeuthful erosional stage
owing to recent uplift by faulting. The streams appear %o |
have been rejuvensted as suggested by the steep-walled hang=
ing valleys which join a large graben below Catlow Rime

Topography is influenced to a minor degree by the |
differential erosion of the basalt. A4S seen at Catlow Rim,
basalt with platy parting alternates with flows of more
massive basalts The more resistant, messive basalt gener-
ally stands out in ridges and erops out over most of the
basalt area. However, small valleys are eroded in the less

erosion~-resistant, platy basalt.
Lithology

Except for one outerop of pyroclastic fragments, the
Steens basalt 1s composed of imterstratified platy and
massive basalts Individual flows of thﬁ ﬁlaty basalt and
the massive basalt are as much as 30 feet thick, although
their aversge thickness 1s approximately 10'faat.

The platy zones are widespread éithin the formation,
so the platy basalt resulted from variations in the rate
of cooling of the lava rather then Irom jointing caused
by faultinge The platy basalt is locally somewhat yesi-
cular, and it contains zeolites in some of the more vesi~

cular fragments. The porphyritic texture of the basalt
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is readily apparent in the hand specimen. The observable
phencerysts are euhedral plagioclase as much as 1 cm longe
Fresh surfaces of the rock are light gray but usually
weather to a reddish color. The platy basalt has plates
from one-~half to 2 inches thick, or locally as much as 6
inches thieck (Fige. 2). | ; ‘

The massive basalt has more and larger vesicles and
zeolites than does the platy variety and presents anrunoven,’
pitted surfasce and mottled appearance. Dense non-vesicular
basalt is common also, but usually occurs near the middle
of the thicker flows. The messive basalt is porphyritie,
but because of its uneven surface, the phenaerysts are not
as evident as they are in the platy basalte Thé color of
the groundmass is usually a darker gray than that of the
platy rock.

Une outerop of pyroclastic fragments was found within
the formation, near the top of the Catlow escarpmént alang
the east boundary of the mapped area. The fragments lie
between flows of basalt and ebnsist of an 18-inch bed of
white lapilli overlying a l6-foot bed of bombs. The bombs
are black, vesicular, and 3 to 10 em in diameter (Fig. 3).

Petrography

The petrography of the Steens basalt is generally
uniform throughout the area. However, deseriptions of this



Figure 2., lassive teens basalt overlias 30-roat thick~
ness of platy basalt south of Catlow Rim.
local fractures have displaced part of the
rock along slickensided surfaces. The rock
in place dips gently to the scutheast.

Figure 3. Volcanic bombs overlain by massive Steens
basalt and 18-inch thickness of lapilli at
Catlow Rim.

19
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basalt from Stpana Mountain indicate that the compoaitioa
1s inconsistent for the formation as a whole. Fuller (9,
pe 102) states that the basalt generally consists of "thin
flows of coarsely holoerystalline olivine basalt of a
rather light gray color™. The Steens basalt within the
mapped area is holocrystalline-porphyritiec and contains rare
traces of olivine (Fig. 4). It more closely resembles the
Steens basalt as described from another area by Ross (28,
pe 234), who found it to possess primarily a dense texture
with few phenocrysts and a small quantity of olivine in
some of the non-porphyritic rocks. | '

In the mapped area, the phenocrysts are 10 to 2§ per
cent of the rocke. Three-fourths of the phenoerysts are
sodic labradorite, one fifth are pyroxene, and the remain=-
der are mostly magnetite. Individuel crystals are commonly
zoned and embayed (Figs §)e Some zoning is caused by con-
centric ineclusions, but this type of zoniag is uncommons -

- The plagioclase phenoerysts all have albite twianing and
commonly have combined carlsbad twinning as well.

Augite and hypersthene occur in all samples. Augite
is usually the more plemtiful, but hyyersthene forms an
equal volume in several sampless The hypersthene, which
is pleochroic, is often found partly altered to chlorite
and magnetite. The augite is but slightly altered and
commonly twinned. Both pyroxenes are euhedral and usually
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Figure 4. OGteens bassli, 80, crossed alcols. Lglite,
magnetite, and plagioclase in a felty ground-
mess of plagiloclase and pyroxene.

Figure 5, Steens baselt, xbU, c¢rossed nicols. Charace-
teristically emLJyed and gzoned plagioclase
vhenocryste.



22

form inclusions in the plagioclase phenocrysts.

lMagnetite forms inclusions in the phenocrysts and
borders on the pyroxenes, rrimary, anhedral magnetiie
oceurs cluste&ed with pyroxene in mosf samples, Hematite
or limonite forms reaction rims on the magnetite and also
radiastes from the magnetite grains to form veinlets through-
out the surrounding groundmass.

apatite and zircons form small, prismatic phenoerysts
in the groundmass and inclusions in the pyroxenes and
plagioelase. Traces of olivine were found in a few samples.

The texture of the groundmass ranges from felty to
pilotaxitic. The groundmass consists of microlites of
about egual quant;tes of anhedral pyroxene and euhedrsl
plagioclases The plagioclase microlites do not appear to
be altered, but the pyroxene is slightly altered to what
is probably chlorite. The alteration prmduct& appear as

minpute, green specks on the pyroxene.
Origin and Conditions of Deposition

The Steens basalt consists predominantly of extensive,
thin flows that indicate a lava of low viscosity. The forme
ation apparently accumulated during a relatively short
period of time as indicated by the lack of weathering om
the surfeces of the successive flows. Only one baked soil

zone, which crops out on the face of Catlow Rim, was
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observed.
The source of the Steens basalt could not be daﬁere
mined within the mapped area. Williams and Compton (38,
p. 29), however, considered the flows to be "products of

fissure eruptions on a grand scale”e
Cenyon "Rhyolite" Formation

Roecks of :hyolitie composition that crop out in the
southern part of the mapped area correlate with the Canyon
"rhyolite" formation in the Virgin Valley, Nevada area, 20
miles to the south. Rocks from both areas have simlilar
lithology, topographic expression and the same distinctive
petrographic features.

?ha Canyon "rhyolite" was named by Merriem in 1910
(24, #. 32) who wrote: “"From their occurrence in gorges
around the borders of Virgin Valley, these lavas may be
known as the Cenon Rhyolite. They are presumabdbly only &
portion of the extensive series for which the geologic
appellation of Pueblo Range series is used." '

moét of the formetiom is a silicified, rhyolitic
porphyry similar to the "rhyolitic flbws“ described by
Merriam. The silieified rock, however, occurs with a black
rhyolitie vitrophyre that crops out at two or more strati-
graphic levels within the formation. The vitrophyre is
considered to be part of the Cenyon "rhyolite" because its
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origin is not definitely kmown, and because 1t is found
associated only with this formation.

The Canyon "rhyolite" is of uiddle Wiocene age as indie
cated by its stratigraphic position. In Virgin Valley, it '
directly underlies the Virgin Valley formatiom of uiddle
Wiocene age. At Steens kiountain, the Canyon "rhyolite" is
separated from the undarlyiﬂg Alvord Creek formation by
several thousand feet of Steens basalt and other volcanie
roekss The Alvord Creek formetion contains lascall-
equivalent flora. »

Wherever the base of the Canyon "rhyolite" is exposed
in the mapped area, it rests disconformably upon the Steens
basalt formations This relationship is shown by the hills
of basalt which protrude through the Canyon "rhyolite™
along the west boundary of the areas The Danforth ()
formation of Middle Fliocene age, as well as younger foIrm=
ations, overlies the Canyon "rhyolite" with angular uncon-
formity.

A8 indicated by the variable attitudes of the beds,
the structure of the Canyon "rhyolite' has been complicated
by feulting. Regionally, the tilted fault blocks of lone
Mountain cause the beds to dip at low angles to the south-
east. However, strikes aio variable, and locai dips are as
much as 90°%,

The Cenyon "rhyolite" is estimated to be 300 feet
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thick where it rests upon the Steens basalt in Long Hollows
The rock may be thicker at higher elevations on Lone loun=~
tain, but the attitudes are not considered consistent

enough to calculate reliably the thickness there.
Distribution and Topographiec Expression

Within the area mapped, the Canyon “"rhyolite" form-
ation is exposed over apgreiimately 18 square miles, most
of which is on the mortheastern flank of Lone kountain and
along the eastern border of the mapped area. A welle-exposed
section crops out in Long Hollow, where the vitrophyre and
silicified strata of the formation are exposed above the
Steens basalts

The formation was undoubtedly more widespread in the
past than it is at presents An isolated, erosional remnant
near the northern border of the area in sec. 33, T 38 S.,
Re 32 B. suggests that the formation once covered the entire
mapped area. Other erosional remmants occur north of lone
liountain where they support ridges of gravel and the Dan~
forth (?) tuff-breceia in which they are partly buried.

The Canyon "rhyolite” forms the most uneven topegraphy
in the area consisting of rounded hills and ridges which

are dissected by steep-walled canyons.
Silicified Canyon “thelite“

liost of the silicifiled rock outcrops are massive,
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although occasionally platy parting and flow structure can
be recognized. The flows appear to have been very viscous
(Fige 6)e »

Weathered outcrops are well rounded in profile (Fige 7).
but differentisl weathering has sculptured pinnscles, caves,
and pits from the rock. Jointing is widespread in the form-
ation and forms small, vertical, Joint-blocks. The Jjointing
is most evident on the faces of cliffs where the Jjoints aid
in the formation of hoodoos.

Numerous fault zones criss-cross the area and fracture
the roeck, although in many situations the trends of these
zones can not be established., Slickensided boulders are
common and generally weether in a distinctive manner. The
smooth slickensided surfaces of the boulders are more re-
sistant to weathering than are the rough surfaces. This
results in undercutting of the polished surfeces which then
project several inches beyond the main parts of the boulders
to form ledges. ‘

Fresh surfaces range from glassy to dull and are gray
or brown. The exposed surfaces are usually oxidized red
although many of the fragments become progressively lighter
in color as they alter to clay minerals. Iron oxide alter-
ation hes created small, brown spots on the surfaces of
the well-altered, cream=colored fragmentss

Phenocrysts of euhedral, glassy potash feldspar, which



Figure 6, Flow stiructure oi the siliecified Canyon
"rhyolite” on north side of Lone iit., NW:
8€Ce 55, Tse 39 So, Re 32 B.

Figure 7. Rounded outcrops of silicified Canyon "rhyolite”
showing crude columnar Jjointing near long Hollow.
Beds dip southeastward.
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are as much as i em long, prb&uae’a porphyritic texture
which can be seen easily in the hand specimens The feld=~
spars weather away and leave a pitted surface on the rocke
Biotite can also be recognized in the hand specimens

The silieified rock lies upon the Steens basalt along
the east boundary of the mapped area, at the Can§on "rhyo-
lite™ outliers north of Catlow Rim, end at the outliers
along the Steens-Danforth (7) conmtact. At these places the
lowermost few feet of the Canyon "rhyolite" is made up of
an unsilicified gray glassy rock with vitreous phenoccrysts.
Thin sections of this glassy rock reveal it to be composed
of greatly compacted and welded glass shards and pumice
fragments that bend around stony fragments and phenocrysts
of potash feldspar and quartz. The compaction of the
shards is greater in some samples than in others. The
shards of a few samples are only slightly compacted, but
the shards in several samples are compacied to the extent
that they easily could be mistaken for the flow structure
of a lava except for the few undeformed shards which
were protected beside the phenccrysts (Fige 9)e

The glassy rock grades upward into a more porous and
partly silicified rocks A& seen in thin section, the com=-
position of phenocrysts change very little in the gradation
from glassy to porous rocke Hbﬁevar, if glass shards are

present in the porous rock, they are obscured by
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silicification or greater melting and compactiom. The
porous rock is made up of indistinet bands of glass whigh
bend around the phenocrysts. Tridymite fills many of the
emaller vesicles in the porous roek. A few of the larger
vesicles arn‘incrusted with this mineral.

Higher in the section, the roek formihg Lone lountain
1s & third variation of the silicified Canyon "rhyolite".
This rock has the‘general appearance of thé'lawer. porous
rock, but greater siliﬁifieaﬁian has made the rock denser,
The composition of phenoerysts in a%l rocks in the section
are nearly the same., However, rocks near the base of the
section contain embayed quartz phenocrysts whereas the
quartz in the rock higher in the section appears to be
mostly cavity fillings.

There is, therefore, a gradation upward from a rather
dense rock with compacted shards, through a more par@ﬁa,
banded rook without shards, to a dense, banded rock that is
nc longer porous because it is silicified.

lore detailed deseriptions and possible causes for the
lithologic variations follow.

Petrography

Roeks of the crystalline Csnyon "rhyolite"” are gener-
ally uniform in composition of phenocrysts, but differ from

one locality to another in texture and degree of
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silicification.

The glassy rock at the base of the formation is com=
posed of phenocrysts, flattened pumice fragments, and stony
fragments in a groundﬁass of welded glass shards. The
phenoerysts, which are about 10 per cent of the rock, con-
sist of approximately equal quentities of embayed potash
feldspar and quartz and traces of megnetite, ilmenite,
epidote, and zireom. The stony fragments are rare; those
sectioned consist of microlites of plagioclase and greatly
altered interstitial material. They are probably fragments
of the underlying Steens basalt.

The more porous part of the Canyon "rhyolite", whieh
overlies the glassy roeck, contains spproximately the same
kinds and percentages of mineralse Eio;ito, however, whiah
is commonly partly altered to megnetite, is élao present.
As seen under crossed nicols, isotropic bands of glass
alternate with anisotropic bands of silica. The glass
bands diverge to form voids in the glassy groundmass. @hc
larger voids are unsilicified. There is definite lineation
of the smaller phenoecrysts parallel to the glass bands.

The dense, highly silicified rock, which forms the
uppermost part of the formation, is the most widespread
type of Cenyon "rhyolite". It is composed of 10 to 20 per
cent pétash feldspar phenoerysts end traces of plagioclase

and partly altered accessories. However, phenocrysts
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compose as much as 50 per cent of the roek in e few samples,
The potash feldspars commonly show carlsbad twinning and are
usuelly embayed.

The unusual ocecurrence of potash feldspars, found also
in the other types of Canyon "rhyolite”, is one of the mo st
distinctive mineralogic features of th&é formations The
presence of sanidine is indicated by the low optical angles
of many of the potash feldspar phenocrysts. However, the
2V of some of the potash feldspars is about 55°, and rarely
these phencerysts show grid twinninga These characteristiass
are those of sodic-orthoelase or anorthoclase. Winchell
(41, pe 312) states that "anorthoclase is found only imn
volecanie rocks riech in soda; it is afﬁon intergrown with
sanidine”s The 2V of sanidine may be about as large as
that of anorthoclase (42° to 54°), but grid twinning is
characteristic of anorthoclase, not sanidine. Sodice
orthoclase with a 2V as great as 52° has been described
from the rhyolites of Yellowstone Fark (8, ps R44).

Biotite ia the major mafic constituent, although it
forms only a small percentage of the roeck. It is usually
partly altered to secondary megnetite, to the degree that
some leths are nearly opaques The alteration begins as
coronas on the borders of the biotite, and later develops
skeleton crystaels of magnetite. Blotite that is ﬁat alter-

ed has the characteristic "bird's-eye" appearance.
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Hypersthene is the most common pyroxene, although
traces of augite were found in a few samples. The hypere
sthene “is usually partly sltered to green chlorite or
yellow-green epidote; in several samples there are msny
pseudomorphs of epidote after hypersthene. The hypersthene
originally formed in the groundmsss and as inclusions in
the feldspar pheuoerysta. In one sample phenoecrysts of
garnet, partly altered to chlorite, were found.

Primary magnetite and ilmenite are scattered through-
out the groundmass and form inclusions in the feldspars
and biotite. GSome magnetite is partly altered to hamatitc
and limonite, which form veinlets in the groundmess.

Minor constituents are hornblende, zircon, and apatite.
Zircon and apatite ocour in the groundmass and also fom
inclusions in the biotite anﬁ'feldapar phenocrystse

Isotrople glass forms the groundmass and is mottled
and interbanded with anisotropic silica. Whether the sile-
jeification was partly parscontemporeneous with the glass
or entirely secondary is not known. However, much of the
gilica fills original voids in the glass. The bands spread
around the voids so as to suggest that either fragments or
gas onee filled these areas, However, other areas of the
glassy groundmass have been replaced or devitrified. The
glass bends become indistinet as they pass into these aniso-

tropic areas.
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Although the smallest minersls in the groundmass can
not be identified, most of the enisotropic minerals appear
to be tridymite. Tridymite is recognized by the triangular,
~twinned crystals that have formed in the larger cavities.
The groundmess has a distinctive, net-like appearance under
erossed nicols because of the extinction crosses of this
mineral. In some samglds tridymite appears to form more
~ than one-third of the rock's volume.

Anhedral quartz, which is distinguishable in some thin
sections by its yellowish interfersnce calar; hag formed in
the largest voids. It is not embayed as are the phenocrysts
and is surrounded by tridymite. This indicates that the
quartz formed after the gless and may be saeou&éry* perhaps
an inversion of tridymites.

Tridymite is generally considered to be a late-forming
mineral which is deposited from hot gases (18, p. 681-694).
 However, Fenner describes metasomatic replacement forming
tridymite, quartz, and sodic-orthoclase from the groundmass
of a rhyolite (8, ps 225-315).

canyon "rhyolite" samples from the type section at Vir-
gin Valley were compared in thin seection to those from the
mapped area. They resemble most closely the "rhyolite”
near the top of the section. Rock from the type section 1s
silicified and contains approximately the same kinds and
 percentages of minerals as does rock within the mapped area.
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Canyon "rhyolite". Glassy rock at base of
section showing welded glass shards and
punice fragment contorted around phenccrysts
of potash feldspar. Plain light x30.



Figure 9. Canyon "rhyolite". Glassy rock at base of
section showing compaction or flow (?) of
glass shards. JlLess deformed shards can be
seen beside the phenocryst. Frlain light x30.

e

Figure 10. Canyon "rhyolite". Characteristic silicified
rock, near top of section. Bands of glass
bend around embayed phenoeryst of potash feld-
spare. Voids have been filled with tridymite.
Compare with Figure 9. Crossed nicols x30,.

38
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However, engular glass fragmeﬁts and anisotroplc fragments
of what appear to be silicified pumice occur in rock from
the type section} mno glass shards were recognized. The
distinetive sodic~-orthoclase with 2V near 50° is common,

although grid twinning was not seen.
Vitrophyre of the Canyon "Rhyolite"

Th§ vitrophyre is restricted to the lone lLiountain area

- where it crops out over only small areas. It was not found
with the silicified rock along the eastern border of the
mapped area or at the outliers.

In SE: seces 10y Te 39 S., Re 2 E., at Long Hollow and
in the adjacent canyon to the west, the vitrophyre is the
basal unit of the rarmatién and forms a 25-foot thieck stra-
tum overlying the Steens basalt. 4ll other vitrophyre ex-
posures are isolated and eroded outcrops which are inter=
stratified with the silicified rock higher in the section.

The vitrophyre is concorcanty wiﬁh the silicified rock
within the mapped area, although Blair (2) and Maloney (21)
believe the two types are in some plaeesvdineerdnnﬁ in
areas adjacent on the south and west.

Outcrops of the vitrophyre resemble those of the siliei~
fied roek in that they are rounded in outline, and the beds
are ngually differentially weathered., The methods of wea-
thering 4iffer, however. The vitrophyre is composed of
fractured glass end small, brittle lithophysae that eaéily
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disintegrate. It eradaa rapidly because of thls feature
except where cliffs are capped by the more erosion-resis-
 tant, silicified rocks The vitrephyre\ia only slightly
decomposed, because it is quickly removed by arosion,.parw
tiecle by particle, after it is exposed.

The vitrophyre contains large phenoerysts of potash
feldspar, as does the silicified rocke The color of the
vitrophyre is usually vitreous black or gray, although a
brown phase is occasiconelly :ouna, Brown and black layers
of vitrophyre are laminated in several outcrops (Fig. 11l).
The brown layers are similar to the black vitrophyre in
texture, and both types contain lithoph&sao. Théyydiffar
only in colors This difference is attributed to variations
in the degree of crysteallization as shown by examination of
thin sections in which the lighter colored bands contaln
nore anisfropio erystallites than do the dark bands (Fige
12). Iddings (14, p. 424) states that the banding in
glasses at Obsidian Cliff in Yellowstone Park was caused
by variations in crystallization resulting from a hetero-

geneous mixing of water vapor.

Petrogrephy

As seen under the microscope, the vitrophyre consists
of phenoerysts surrounded by a groundmass of glasse. The

phenocrysts compose about 10 per cent of the rock and
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Figure 1ll. Interlayering of brown:énd biack vitrophyre
of Canyon "rhyolite". Pencils outline
black layers.

Figure 12, Vitropayre of Canyon "rhyolite", x50, Plain
light. OShows pyroxenes with magnetite in a
ground mass of banded, brown glass.
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consist of potash feldspar with traces of magnetite,
biotite, hypersthene, sugite, and zirecon. The feldspars
consist of both sanidine and sodie~orthoclase. They are
embaeyed and usually show cerlsbad twinning. Quartz is rére»
‘The eccessory minerals are altered in much tle same way as
are those of the silicified rocke. '

The groundmase has flow structure around the pheno=~
erystss Some layers contaln more crystallites than do
others, resulting in banding of the rocke. The crystallites
are anisotropic, curved, hair-like, and aligned with the
flowe

Perlitic texture is common to most samples. Crystale
lites passing through the perlitic whorls indicate that
the whorls were formed last. Several samples contain a
few pisolites.

| The 1.509 refractive index of the glass suggests rhyo-

litic composition.
Origin and Conditions of Deposition

Although the Canyon "rhyolite" previously has been
econsidered a lava, the writer believes that this formation
originated as an ignimbrite or welded tuff whose original
pyroclastic texture has been mostly aesﬁroyed by intense
welfing and silicification.

Merriem described the formation as a rhyolitic lava.
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However, he identified the rock before the widespread extent
of welded tuffs was appreciateds Several welded tuff dee |
posits have been'deﬁcribad as rhyolite flows in the past.
For example, the shard texture in some of the welded tuffs |
of Yellowstone Park was attributed mistakenly to the erush-
ing of pumice fragments by the weight of overlying lava (15,
pe 66)e The ignimbrite on the North Island of New Zealand
was thought to be a rhyolite flow until its true origin was
recognized (23, p. 198-202 and 12, ps 57-67)e

The eriteria for differentiating ignimbrites from
laves are controversial and are based prinoipaily upon exs
aminetion of rocks from the small number of nude ardents
erupt ions which have occurred within historical time, The
eruption of wt.lful;e is the best inown of theses. The probe-
lem is complex because recent eruptions do not necessarily
duplicate those of the past, nor can the results of the
alteration of the rocks with time be taken fully into
accounts.

Compaction and what eppears to be flow structure occur
in the Canybn‘“rhyalita“, but as shown by figures 9 and 10,

the two structures are #ifficult to distinguish. Cook (7,
pe 1544) lists compaction without flow structure as a crie

terion of ignimbrites. Flow structure, however, has been
recognized in welded tuffs of southeastern Idaho (22, p.
308-321) and in the Rattlesnake ignimbrite of central
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Oregon (16, p. 52 and 20, ps 60)s Fuller (8, p. 371-372),
while studying volcanic rocks in southeastern Oregon, ob-
served a gradation from tuff to acidic flow. This rala-r
tionship waa\ampnasiz@a by jointing in the flow which
extended ﬁnwn%arﬁ into the tuff. Fuller believed this
indicated that these tuffs originated as flow features and
not by eolian accumulation.

A second eriterion of ignimbrites is low specifie
gravity at the base of the stratum and 1ts decrease upward
(11, pe 1544), This feature could not be properly investi-
gated in the Canyon "rhyolite" because of the intense
silicification. However, this formation appears to be
somewhat analogous to the welded Bishop tuff, as deseribed
by Gilbert (11, pe. 1829-1862). He found the welded tuff
to be glassy at the edge and base of the formation.

Gilbert believed that rapid cooling created the glassy
phase, but the tuff that was higher in the column ree-
ceived hot gases from the tuff that underlay it and conse-
quently cooled more Slowly. '

| lisny semples of the Canyon "rhyolite" contain vesicles,
although.laek of vesicles is a c;itarian listed by Cook for
ignimbrites (7, p. 1544), lensfield and Ross, however, de-
scribe the Idaho tuft.as "highly vesleular, strongly
resembling rhyolite~flow". Obsidian forms the base of the
Ideho tuff and from its description appears to be similar
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to the glassy, shard-textured rock and the vitrophyre that
occur in the mapped area, Thin sections of the obsidian,
that they figure, have a shard texture indicating that the
obsidian is a cooling phase of the tuff,

Wide areal extent and a horizontal upper surface are
other accepted criteria of ignimbrites, but they can not
be applied here because this formation was greatly eroded
before it was buried by younger rocks.

Welded glass sherds, stony fragments and collapsed
punice, which oeccur in part of the Canyon "rhyolite", are
established features of ignimbrites. almittedly these
features occur only at the base of the formation, but as
shown by Figures 8, 9 and 10, intense welding and silicifi-
cation of tuff can produce a rock that differs little from
a lavas The ellipsoidal, anisotropic areas about which
the gless bands spread in the silicified rock mey represent
ecollapsed pumice frag&ants which have been masked by sile
icification.

The variable attitudes of the Canyon "rhyolite" may
 partly be explained by its ignimbrite origin. A deposit
of this type will usually assume the initiel dip of the
surface upon whieh 1t is deposited (11, pe 1887 and 22, pe
308-321)»

The vitrophyre sppears to be a non-silicified phase
of the Canyon "rhyolite". ZExcept for silicification, the
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mineralogy of the vitrophyre is similar to that of the sil-
leified, typical Canyon “rhyolite™. Both rocks have a
glassy groundmess and similar phenoecrysts, including sodie-
orthoclase. The vitrophyre contains no apparent shards or
fragments, but it is similer in appearance to the non-
silicified, shard-textured rocks that form the base of the
section at the outliers. Fenner (8, p. 301) describes a
silicified rhyolitiec Took, similer to the silicified Canyon
Trhyolite", which he suggests is a devitrified vitrophyre.

It is difficult to advence a reason why some rocks
should be silicified while others are nots However, some
rocks may be denser then others and therefore not aceessible
to mineraligers.

The vitrophyre lacks most of the features of an intru-
sive, Inclusions of the silicified rock are found in the
base of the vitrophyre that is 1ntérstratifioa, but the
vitrepﬁyre does not show contact meteamorphism and other
criteria of intrusion. Glassy flow banding is common to
the vitrophyre as it is to the silicified rock, and the
contact between the two rocks is gradational in several
places, |

Similerities of the silicified rock to the vitrophyre
make arguments against a lava origin for the silicified
rock apply to the wvitrophyre too.

In conclusion, it appears that all phases of the Can~

yon "rhyolite" have a common origin. The differences inm
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lithology that exist are due to veriations in welding and
silicification.

Danforth (%) Formation

4 well-consolidated tuff-bréccia end tuff erop out north
of lLone iMountains They are similar in lithology and in
stratigraphic position to the top member of the Danforth
formation, as described by Piper (26, ps 43)s» The Danforth's
uppsr member rests upon the Steens iLaselt on the west slope
of Steens Mountain, and part of the tuff-breccia directly
overlies the Steens basalt in the mapped area. JFor these
reasons and from comparisons made with the Danforth near
Frenchglen, the upper member of the Danforth probably cor-
relates with the tuff-breccia and tuff of the mapped area.

Piper (26, p. 43) nemed the Danforth fermation, in
1939, from its exposure along Cow Creek at the Danforth
Ranch in Te 22 Se, Re 324 E. He described its uppermost
member as followsa: "Turf~breceia, purplish-gray, massive;
vitreous brownish-gray matrix (welded rhyolitie pumice?)
enclosing ebundant unoriented fragments of white pumice,
black obsidian, and messive inflated rhyoclite; Iraguents
a fraction of an inch to a foot long."

A complete type section of the Danforth formation is
not exposed; however, at the type section on the Silvies
River, two miles north of Burns, the tuff-breccis upper

member is exposed.
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The tuff-breccia and tuff member of the Danforth (%)
formation in the mappad area iies immediately upon the
Steens basalt or Canyon "rhyolite" formetion with angular
and erosional unconformity (Fige. 15). The Danforth (7)
dips 1°N. 309E., whereas the dips of the underlying rocks
are varisble end greater. Uhere the Danforth (%) crops
out at the base of Lone liountain, it is overlain by gravel
derived from the topographically higher Canyon "rhyolite",

Park (26, p. 48) found fresh-water shells in a leuaf
.‘ma&bertef the Danforth that were dated eas Pliocene or
Pleistocene. He inferred that the formation was probably
Pliocene in age. Campbell (5) suggested a possible correle
ation of the upper member of the Danforth with the wﬁlaea
tuff of the Rattlesnake formation of central Oregon, sug~
- gesting that the Danforth is of Middle rliccene age. This
dating of Middle Pliocene 1s>substant1ated by the fact that
Cochran (6) found the Danforth (?) on the west slopes of
Pueblo Mountains to underlie the Thousand Creek formation
of late lLiiddle Pliocene age.

There are two lithologically distinet unlts of the
upper member of the Denforth (?) in the mapped area (1) a
tuff-breceia containing many large pumice fragments and a
smaller number of smaller stony fragments in a tuffaceous
matrix, and (2) a tuff which contains & few small pumice

and stony fragments.
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The tuff-breccia crops out as a strip trending north-
east across the area from sec. 20, Te 39 Se, Re 32 Es The
tuff crops out in secs. 15, 22, 23, T. 39 S., Re 32 Ee

The stratigraphic relationship between the tuff-brececia
and tuff is not definitely understood. kiost of the contact
between them is hidden by gravel derived from the Canyon
"phyolite". In sec. 15, Te 39 Ss, Re 32 E+ they have a
common boundary, but the sequence ef deposition ebuld not
be determined by reason of talus cover. However, likely
the tuff-breceia was deposited first because (1) the tuffe
breceia is known to rest on the older formations of Steens
basalt or Canyon "rhyolite" wherever its base is exposed,
but what rock immediately underlies the tuff 1s unknown,
and (2) where the two units are in contact, the tuff is the
highest topographieally, although it appears to be no more
‘resistant to erosion. )

The tuff-breccia is approximetely 150 feet thick where
it overlies the Steeams basalt near Box Canyon. In Secs 15,
Ts 39 Se, Re 32 E. the tuff forms a 130-foot cliff adjacent
to a valley of the tuff-breceia. The height of the cliff
represents the thickness of the tuff ir, as postulated, the
tuff-breceia is older and immediately underlies the eliff.
The combined thickness of the tuff-breceia and tuff there-
fore may be as much as 280 feet. The thickness is variable
because the formation was deposited upon an uneven, eroded

surface.
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Distribut ion and Topographic Txpression

The formation crops out over about seven square miles
and forms an irregular, northeastetrending belt escross the
center of the area. The outerop is about seven miles long
and about one mile wide, except where partly covered by
gravel,

The Danforth (?) evidently once covered a much larger
area than it does today. Pumice fragments similar to those
within the tuff-brececia are found éeatteraﬂ on top qr the
Canyon "rhyolite" amd Steens basalt. Pumice fragments also
oceur near rodent burrows im soils above these formations.
The tuff-breccia projects into cenyons cut in the Canyon
“rhynlité“ along the east bauadafy and at Lone Mountain.
This relationship indicates that the canyons were cut be-
fore the deposition of the Danforth (7).

Streams have moved laterally to the southeast on the
dipping surface of the unﬁarlyiag basalt and formed homo-
clinal ridges in the tuff-breccis along the northwest
boundary of the Danforth (?)e The southeast edge of the
formation appears ﬁa overlap onto the Canyon "rhyolite".
Apparently this.eontaet is covered by gravpls at the base
of Lone liountain. |

The Danforth (?) in lowlend aress, where it is covered
by a soil zone, forms low rounded ridgess On the higher

ridges the Danforth (%) locally forms hoodoos. However,
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even surfaces are also produced by the erosion of tabular

sheets from the surface of the tuff beds.

Tuff-Breccia

Lithology

The tuff-brececia is composed of coarse pumice and stony
fragments in a metrix of tuff. 4 typical semple containg 40
per cent angular, unoriented, pumice fragments that have a
maximum diameter of 15 ems Nost of the fragments are less
than 3 em in diemeter. Angular stony fragments embedded in
the matrix are about 10 per cent of the rocks. The fragments
renge up to 10 em in diameter, but most are about 2 ome
The stony fragments are identical petrogrephically to the
silieified rock of the Canyon "rhyolite". The turfaeoaup‘
matrix is about 50 per cent of the rock. Small, anhedral,
glassy potash feldspar erystals are widely spaced throughe
out the matrix.

Jointing of the coarse tuff-breccia usually forms
large polygonal columns that are as much as six feet in
diamatar (Fig. 14).

Outerops weather in two distinctive ways. Surfaces
that are direetly exposed to weathering form hard crusts
on the tuffaceous matrix, apparently by cementing of irom
oxides. The pumice fragments contained in the matrix then
decompose and fall out to leave pits in the surfasces of

the outerops. Surfaces that are protected in niches are
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Figure 13. VWeathered outerop of tuff-breccia of the
Danforth (?) formation along east border.
Note stony and pumice fragments.

Figure 14. FPolygonal columnar Jointing in tuff-breccia
of the Danforth (?) formation. Near Box
Canyon.
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not hardened; ;@Qrefora the matrix weathers away first and
leaves behind piotruﬁing pumice and stony fragments (Fige
13)s Outcrops weather into meny bizarre shapes, and tiny
caves are formed with the aid of small enimals that nest in
the rocke

The soil zoas -f “he tuff is ereum-~golored end easily
distinguished from the reddish-brown outcropss Because
many of the fines of the original, tuffaceous matrix of the
rock have been removed differentially by erosion, the suf«
face of the soil consists of a residual concentration of
pumice and stcny»fragments; The pumice fragments on the
soil surface are porous, hard and cream-colored, but several
inches below the surface where there is more moisture the

pumice is dense, soft and dark gray.
Petrogra

is seen in thin section, the rock is composed of pumice
and stony fragments and phcnnaryﬂﬁs of potash feldspar,
quartz, magnetite, biotite and zirecom in a vitroclastie
groundmass of glass shards. BSeveral sections exhibit a
mottlsd appearance, apparently because of an alteration to
montmorillonite (%). The original glass shards are diffi-
cult to recognize in some samples and eén be seen only by
reducing the light entering;the substages The pumice is
partly collapsed. "
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Most of the phenoerysts are potash feldspar, 4 to 8
per cent of the matrix, and quartz, 1 to 2 per cent of the
matrix. The phenoerysts are generally anhedral and are not
embayed or altered. The feldspars are mostly sanidine which
are neither twinned nor zoned and have poor cleavagee Mag-
netite and biotite ocecur in traces. The magnetite occurs
as small, enhedral fragments in the groundmass, as dust in
the pumice fragments and as reaction rims on the biotite .
laths.

The groundmass of glass shards is about 80 to 95 per
ecent of the matrix and is somewhat silicified in several
samples. Some of the samples have welded glass shards.
The refractive index of the glass is 1.517, which suggests
a rhyolitie campaaitiona

Turt
Lithology

The tuff is somewhat similar to the tuff-breccia but
contains smaller and fewer fragments. The fragman#s are
approximately 5 per cent of the rocks. Fumice fraguents,
which are the most plentiful, are as large as 2 cm in diam=-
eter although most ar%‘lass than 2 mm, Stony {ragments
oceur but are less than one per cent of the rocks. They
are sngular, less than 5 mm in diemeter and are similar

to the silicified Canyon "rhyolite"™. Rare crystal fragmenis
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oceur in the tuffaceous matrixe.

Cutcrops are commonly mottled in eppearance. Fresh
surfaces are gray but oxldize to reddish-brown upon exposures
A reddish«brown, hard crust forms on the surface and scales
away in sheets to expose the underlying gray tuffe

Outerops of this rock weather into much the same forms
as do those of the tuff-breccia (¥ig. 16)s Polygonal colume
nar Jjointing i1s also common. Soil edjacent to the outerops
is sandy but becomes coarser at a graaﬁar distance from the
the outerop because of the concentration of pumice and stony
fragments. The color of the soil is the same as that of the

weathered outcrops.

The tuff has a vitroclastic texture, but in contrast
to the tuff-breccla the groundmass of glass shards is about
98 to 99 per cent of the matrix. The glass is rhyolitie,
as indicated by its refractive index of 1.499, Small pumice
fragments oceur but are rare and 4o not appear collapsed.
The tuff also differs from the tuff-breccia in that there
is no apparent welding of the shards. ‘

lost of the c¢rystals are potash feldspar, although a
trace of quartz, pyroxene, and magnetite are present. Liost

of the feldspar is neither zoned nor twinned.
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Figure 15. Danforth (%) overlying the Canyon "rhyolite"
along the east boundary of the area.

Hoodooe and caves weather from tuff of the

Pigure 16,
panforth (7) formation.
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Origin and Conditions of Deposition

Leck of bedding and sorting of the Danforth (?) suggest
that this formation did not originate as a normal ash fall
or as a water deposit. ‘

Campbell, assuming a Danrarth~ﬂattlasnaka'eorreiatinn,
estimates that the upper member ea&sred 5,000 square miles.
He and other authors list extensive lateral M'Btributicn
as a criterion of ignimbrites (5 and 7, p. 1544), That the
Denforth (?) is an ignimbrite is also indicated by columnar
Jointing, collapsed pumice, énd weldings Fiper (26, p. 48)
suggested thet the upper member of the Danforth is welded
when herref@rrea to the matrix as "{welded rhyolitiec pume
ice?)". |

The source vents of the Danforth (?) may have been in
the area of Canyon "rhyolite", as indicated by the siliei-
fied, Canyon "rhyolite"-like fragments which oceur in the
tuff end tuff-breccias ’

The Danforth (?) was apparently deposited when nuee
ardente eruptions ripped fragments from the walls of thelp
vents and {or) swept up fragments from the surface over
wiich the glowing hot avalanches moved before depositing
their loads.

The tuff may have traveled a greater distance from its
source than did the tuff-breccia, as suggessted by the smaller
size of the fragments and the apparent lack of weldinge
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Welding can not be seen in thin sections of the tuff. The
lack of welding indicates that the tuff was not intensely
hot when deposited. However, the tuff has columnar Jjointing
and other characteristics of ignimbrites not known to apply
to ordinary ash falls.

Rhyolitiec CGravel

Gravel derived from the Canyon "rhyolite"™ of lone koun=-
tain covers the area for several miles north of the moun-
tain's base. What appears to be the originel, smooth sur-
face of the deposit can be seen over much of the gravel
area. The streams which emerge from the pre~sravel canyons
of Lone liountain have eroded part of the gravel area into
long, rolling hills and exposed the underlying older forme
ations at the bottoms of some of the ravines. The streaus
have left terraces where the gravel once projected into the
canyons of lone kiountain.

Most of the gravel fragments are subangulaer end of
the size of pebbles. The gravel is mixed with ash and is
usually unconsolidated and unstratified. However, poorly
consolidated gravel in a tuffaceous matrix was occasionally
found in depressions of the topogrephy. OUne such deposit
forms a ledge of conglomerate 10 feet thick in the valley
north of the prominent ridge of tuff and hes the appearance
of gravel deposited and reworked in a sumall lake.
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Gravel 46 feet thick rests upon the Danforth (?) form-
ation in sec. 22, Te 39 S., Re 32 E., and may be even thick=
er near its source at the base of Lone liountaine

The age of the gravel is post-iiiddle Pliocene. Gravel
 partly fills ravines in the Danforth (?), which indicates
that the Denforth (?) was eroded before the deposition of
the gravels. The age of the gravel is also shown bj similar
deposits on the south side of Lone Mountain, where Blair (2)
has found rhyolitie gravel deposited upon the Thousand Creek
formation of late Middle Pliocene age.

Mesa DBasalt

4 thin, horizontal flow of olivine basalt lies on the .
lowland at the east side of Lone Mountain within the mapped
areas This flow is Joined by}aontinuous outerops with the
basalt that forms the prominent mesa at Oregon End Ranch,

6 miles to the southeast.

Merriam (24, p. 43) thought that the basalt at Oregon
End Rench correlated with the kiesa basalt of Virgin Valley.
The basalt that is exposed at Oregon End Raneh directly
overlies the Thousand Creek formeation but extends beyond
this formetion onto the Canyon "rhyolite™ within the mapped
area. The liesa basalt at Virgin Valley, 20 miles to the
southwest, has the same topographiec expression, lithologic
eharacter, and horizontel attitude but rests upon the Virgin

Valley formation.



The liess basalt wes named by lMerriam (24, p. 36) from
its occurrence at Virgin Valley where it forms the rime-rock
of the mesa above the wvalleys

The basalt's relationship to the rhyoclitiec gravel was
not determined. Gravel lies upon the basalt in several
places, but whether this gravel is the same age as that
which immediately overlies the Danforth (?) is not known.
Gravel from the higher slopes of Lone lountain may have
been redeposited on the lowlying basalt.

The liesa basalt in the area is dated as post-iiddle
Pliocene because it overlies the Thousand Creek formation
of late diddle Pliocene age, at Oregon End Ranche. .The
youthfulness of the basalt is evident from its fresh, un-
weathered appearance and the sbsence of a soil Zone.
Stunted sagebrush is almost the only vegetation that grows
on its surface. \

The surface of the basalt 1s horizontel, but its thick~
ness is variable in the area because it flowed upon the .
eroded, uneven surface cf the Canyon "rhyolite". The max-

imum thickness is approximately 20 feet.
Lithology and Petrography

Within the mspped area, the liesa basalt can be readily
distinguished from the Steens basalt by petrographic exam~
ination or in the field by exemination of the outerop and
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the hand specimen. In contrast to the Steens basalt, the
liesa basalt has e fine-grained, uniform texture, and the
fresh surface is dark gray to black. Outecrops usually have
poorly developed colummar Jjointing.

icroscopic examination reveals that the rock is holoe-
erystalline and hes an ophitic texture of plagioclase,
clivine, and magnetite in interstitial augite.

The plagioclase, which makes up approximately 60 per
cent of the roek, is labradorite. The plagioclase laths
are rarely zoned snd usually are not corroded or embayed.

Pale brown, unaltered, anhedral augite is the only
pyroxene presents It surrounds all other nminerals and
makes up approximetely 25 per cent of the rocke

The sbundance and fresh appearance of the olivine are
the most distinctive petrographic features of this rock.
Olivine forms in large, usually euhedral phenocrysts that
constitute almost 13 per cent of the rocks 4 few of the
phenocrysts are slightly altered to magnetite.

Approximately 2 per cent of the roek is primary mag-
netite, which is the only accessory coustituents The nag-
netite forms inclusions in the other minerals and is
usually anhedral. It apparently was the first mineral
formed, followed in seguence by olivine, plagioclace, and

augite (Fig. 17).



Figure 17,

Mesa basalt, x100, plain light. sugite
enclosing olivine and plagioclase,
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Origin and Conditions of Deposition

The uniform thickness of the basalt in the adjacent
areas indicates that the basalt was very fluid and spread
over an almost level surfaces ‘No intrusives or volcanie
cones heve been found which maey have supplied the basalt,
g0 the source of the basalt is not known.

The Mesa basalt is made up of more than one flowe
- Samples examined from edjacent areas to the southwest differ
petrographically from those of the mepped area. The 3am$lea
from outside the area mapped are finer in texture, and some
are porphyritie or glomeroporphyritics. They have approxi-
mately the same mineral composition but eon&ain a very fine-
grained, colorless clinopyroxene rather than the pale brown
augite found in Mesa besalt from the mepped area. In con-
trast to the fresh olivine in samples from the mapped area,
the olivine is altered in basalt from outside the mapyéd

Harete
Alluvium

Alluvium has aceumulated along the stream beds and in
the playas north of Catlow Rime. The largest aopoaifh along
the stream beds are those in the areas of tuff and gravel.
Where the streams cross basalt areas, temporary base levels
form above which the streams widen their channels and de-

poeit alluvium, as in the northeast corner of the area.
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The slluvium is composed predcminantly of reworked ash
and gravels from adjacent formations, but a few lenses of
recent ash are interbedded in several places. The eruptions
which deposited the ash may explaln the presence of angular
obsidian fragments, which are scattered over the surface
throughout the area. IFuller (9, pe 16) suggested that the
obsidian originated with a recent ash fall and remained
after the ash had been removed by erosions This explanae-
tion is logical because obsidian is not found in the older
rocks in the ares.

Although the thickness of alluviumn is not kunown, the
large flet-bottomed playas suggest a thickness of several

bundred feet.
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STRUCTURE

Faulting forms the major structural features in the
areas Folds oceur but are too small to be plotted at the
scale of the map.

Two fault systems can be determined. One system in-
cludes Catlow Rim end trends northeasterly; ‘the second is
approximately at right angles to the first. These systems :
are apparent where Catlow Rim, caused by northeast faulting,
intersects the northwest fault system along Catlow Valley
to the north.

Feult zones extend beyond the areas of apparent fault
displacement. The results of these zones are indicated by
variable attitudes, by fraecturing of the beds, and by many
slickensided fragments. However, the trends of many of
the se zones could not be established.

All faults that were observed are high angle and normale

Catlow Faults

A mile-wide graben extends to Catlow Valley across the
northwest corner of the mapped area and is the major struc-
tural feature. Displacement caused by the faults that
border the graben has affected the drainage and topography
of more than one~half the mapped area.
| A series of step faults fbrm‘an escarpment 140 feet
high on an upthrown block on the northwest side of the grabem
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The upthrown block is terminated on the north by a fault,
which parallels the border of the erea and has produced
an escarpment at least 100 feet high. North of the base
of this fault ecarp, a playa has formed on the downthrown
blocke ,

A high angle féult berdérs the graben on the southeast
| and forms Catlow Rim which is 840 feet highs The large
fault-block south of the fault is a tilted fault block aﬁ
proved by the inclined backslope which dips southeast about
5° to 20° for two miles. Uplift of the block has caused
the streams to flow parallel to the strike of the fault
and to strip the tuff from the backslope.

Fault at Northeast Corner of irea

This fault passes through secs 38, Te 38 Se, Re 32 Eo
and parallels Catlow Rim for at least three miles. The
fault has produced a 100-foot escarpment and caused a forme
er south-flowing stream to flow southwest in the lowland
created by the faults Overlying the Steens basalt, a thin
elongate outcrop of Canyon "rhyolite"™ is displaced by the
fault, showing displeacement of the old topographic surface.
The southeast block is the downthrown side.

The fault appears to be located along a hinge line for
the blocks whose uplift have formed Cztlow Rime Novtheast
of the fault, in line with it but outside the mapped ares,

g thin erosional remnant of Canyon "rhyolite" appears to
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have hinged when its end toward Catlow Rim was uplifted.
The surface south of the hinge dips about 7° northwest, but
the opposite surface dips about 10° southeast (Fige 19)
However, the variable attitudes of the remmant may have -
been caused by initial dipe

Transverse Graben at Catlow Rim

A smell graben 1s exposed at the face of Catlow Rim
along the northeast corner of the area, although only its
southern edge is within the mapped area. fhe small graben
lies transverse to the rim ggd extends southeast. The
movement of the graben was rotationals. Displecement at
Catlow Rim of the graben 1s approximately 200 feet, but
the displecement diminishes scutheastward until the bounds=
ing faults intersect the fault of sec. 36

The greben is well expregsed from the topography (Fige
18), but the truneetion of a pyroelastic bed offers proof
of displacement. The bed crops out on the wall of the adja=-
cent bloock, northeast of ;he graben, but the bed does not
ecrop out in the graben bécéuse there 1t lies below the pre=
sent surface. The older fsults, that border the graben,
have been verticelly displaced by the younger Catlow faults.
The northwest-trending faults that border the graben con-
tinue on the opposite side of the Catlow faults, but the

escarpments are not as high there. The variation in



Figure 18. Craben lying transverse to the main faults
at Catlow Rim.

Figure 19. Possible hinge line for fault bloeck south
of Catlow Rim., The escarpment is just be-
yond the horizon.
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displacement on opposite sides of the Catlow faults suggests
thet the Catlow fault rejuvenated the transverse féults that
border the graben. The transverse faulls were planes of
weakness along which the graben sagge@ as the main bloek
forming Catlow Rim was upliftaﬁq 

Faults of iLone liountain

A fault trends northwest along the base of Lone lioun-
tain. The fault has abruptly terminated ridges along the
fault line. The southwest side of the fault is the up-
thrown side.

‘Southeastward-tilted fault-blocks in Lone lountain
were caused by northeast-trending faults. The attitudes
of the strata, although variable, suggest the general dip
of the fault-blocks. Asymmetrieal canyon profiles are the
most spparent result of faulting, and in several places
ridges have been truncated. Slickensided boulders occur
along the faults but are most evident where two faultis
converge near the head of Long Hollowe. springs occur along
the Long Hollow faulte. These faults may terminate at the
northwest-trending fault at the base of lLone Mountain but
probably continue northeastward under the Danforth (7)

formation and the gravels, which are of post-faulting date,
In the northeast cormer of the area, & continuation of

the northeast trending faults is suggested by rectangular
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drainage and northeast-trending ridges and canyons of the

Canyon "rhyolite". No faulte were found in the Danforth (%)

formatione.

Faults of secs. 19, 20, Te 39 S., Re 32 Es

A fault extends from Catlow Rim one mile to the south-
east along the west border of the area in sec. 20, T« 39 S.,
R. 2 E. The fault forms the contact between the downthrown
bloek of Cany9p "rhyolite" and the upthrown bloek of Steens
basalt. The contact is evident on the rim wall whezn the
abrupt escarpment of basalt suddenly terminates against the
more rounded escarpment of Canyon "rhyolite". Southeast
of the rim, the fault has faceted a ridge of Canyon "rhyo-
lite™, Relative to the Steens basalt, the Canyon "rhyolite"
has moved down at Catlow Rim but up where the ridge of "rhy-
elité“ is faceted; a rotational movement 1is indicated which
probably resulted from the Catlow faulting. The fault line
is partly covered by the Danforth (?) formation.

Two other faults axtend from the southwest and paral-
lel catlow Rim before intersecting the southeast-trending
Tault « Thay are most easily recogniged where ridges are
abruptly terminated along their strike east of the mapped
area. A graben, which was created by the faults, forms a
box canyon at the top of Catlow Rim. |

Sequence of Faulting
There was a period of faulting prior to that which
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formed the youthful Catlow escarpments. Because the Dan~
forth (?) has apparently not been faulted and appears to
cover traces of the older faults in the Steens basalt and
Canyon "rhyolite”, these older faults are dated as prpbabla
late iiocene or early Fliocene age. Ixcept where rejuven-
ated by the Catlow faults, escarpmente of the older system
are well eroded, as et Lone kountain.

The northeast-trending Catlow fault system is indie
cated to be of recent age and younger than the other faults
in the area beéguso: (1) The faults vertically displace all
other faults that they intersects One example is shown by
the transverse graben at Catlow Rime (2) Zrosion has not
yet destroyed the playac which remain at the bases of the
escarpments; and (3) The fault scarps are only slightly :

eroded, and hanging valleys are common on the escarpments.
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GEQOLOGIC HISTORY

The history of the exposed rocks in the area began in
the %iaﬁlé Kiocene when extenﬁivé, fluid lava flows buried
the area under several thousand feet of Steens basalte The
formation accumulated over a short period of time as indi-
cated by the lack of weatbering on the individual flows.
Ocecasionally the lava flows were interrupted by pyroclastic
eruptions.

An interval of erosion preceded the deposition of the
Canyon "rhyolite® formation. 'This formation was probably
deposited from a nuee ardente eruption. Part of the semi-
molten material that was erupted moved down the slopes to
form the flow structure that is found qecasienﬁllyg The
rock in general came to rest with initial dips on the
irregular &urfacéler the Steens basalt. The absence of
soil zones within the formation suggests that the forma-
tion accumulated during a short period of time.

The Canyon "rhyolite" surface was eroded to maturity.
Next, Lone liountain wes di srupted by faults, interrupting
the erosion cyele and csusing the streams to cut deep can~-
yons in the mature topography of the Canyon "rhyolite". A
topographic discordance can be seen in Fig. l.

ﬁuéo ardente eruptions at least partly buried the
eroded topography of the Canyon "rhyolite™ with the Denforth
(?) tuff-breceia and turf. If the Danforth (?) was deposited
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upon the higher ridges, it was eroded from lone liountain
together with fregments from the topographically high Can-
yon ®"rhyolite”s The detritus buried the base of the moun-
tain and overlapped onto the lowlying Danforth (?) formation.
This condition femains, although subseguent erosion has

removed much of the agaraded materiale.

The main streams later cut through the gravel and were
superimposed upon the underlying structure. One result of
superposition is shown where the main stream flows through
the ridge to form Box Cenyone There is no displacement of
the topography on opposite sides ol the canyon or other
evidence that might suggest that the canyon originated due
to faultinge. The tributeries in the northeast corner of
the area appear to be s\bsequent streaus that are uncover-
ing the pre-Danforth (7) ridges of Canyon "rhyolite.

in the late Pliocene or early Pleistocene, the highly
fiuld lesa basalt spread a thin flow over the @#an surface
60f the lowlend tuffs. The flow spread westward around
the base of Lone iountain until it wedged out against the
eroded surface of the Canyon "rhyolite'. .

The Catlow faulting occurred subsequent to the depo~
sition of the lesa basalt and tilted the formations teward
the southeast. OUn the backslopes of the tilted Tault
blocks, the streams cut tihrough the tulif to tae basalt and

shifted down dipe The lateral shifting of the stireams
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formed asymmetricsl stream bank profiles and the prominent
homoeclinal ridge of the Danforth (7) tuff. Banks of the
northwest sides of the streams are inclined approximately
3%, the banks on the southeast sides about 14°,

Stream piracy occurred in the area. Good examples
can be seen in sec. 23, Te 39 S., Re 32 Z. where piracy
involves three parallel flowing streams. Two streams
have each beheaded the stream to its northwest. The middle
stream pirated the northern-most stream but was beheaded
by the southern-most sttaam. In the northeast corner of
the area, a pirating stream cut through a ridge of Canyon
"rhyolite" and diverted the headwaters of a touthonsterly
flowing stream. | |

ﬁbllewiﬁg faultihg alluvium was deposited in local
depressions and 1h lakes formed upon the downthrown bloakﬁ;
The former levels of one of these lakes is indicated by
the terraces in nearby Catlow Valley. Thin beds of ash
in the alluvium along the streams indicate that there have

been recent, intermittent, pyroclastie eruptions.

Pg. 71 attached
separately
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