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abundant cross-bedding, and, in places, plastered ash

onto slopes of 45 to S0 degrees. When the eruption ceased
before the flow of water into the vent stopped, the vents
were filled with concentric, vertical tuff beds and massive
tuff-breccia. When the flow of water into the vent ceased
before the eruption stopped, craters were partly filled
with cinders, spatter, and small lava lakes.

'Hyaloclastic ash of basaltic composition makes up
about 95% of the ejecta in these tuff rings. Most of the
ash conéists of clear, light brown to medium brown glass
fragments, containing only a few microlites in addition to
phenocrysts. Generally the grains have a blocky shape and
low vesicularity, in contrast with the curved, highly
vesicular droplets, bombs, and cinders of cinder cones
outside of the lake basin which were contemporary with the
tuff rings. The hyaloclastic grain morphology is the
result of contraction and shattering when the magma was

quenched to giass on contact with water.
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INTRODUCTION
A tuff ring is a small volcano characterized by a

very wide crater and a low ejecta ring. Tuff rings con-
sist primarily of juvenile ejecta, in contrast to explo-
sion craters, which are constructed primarily of debris
from the crater. Water apparently had access to the vents
during the eruptions that formed the tuff rings; most tuff
rings are found in lakes, coastal areas, marshes, and areas
of abundant ground water. The characteristics of the
volcanoes located in the Fort Rock - Christmas Lake Valley

basin were studied to determine the role of surface water

in their genesis.
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The Fort Rock - Christmas Lake Valley Basin is the
northernmost of the major pluvial basins of the Basin-
Range Province (Morrison, 1965) (fig. 1). This broad
depression is about 40 miles (64 km) long and 25 miles (40
km) wide. Faulted late Tertiary plateau basalts rim the
basin. Only volcanic feature§ and aeolian blowouts break
the flat surface of the valley floor.

Oregon State Highway 31, which branches off U. S.
Highway 97, 32 miles (51 km) south of Bend, Oregon, skirts
the west edge of the basin., The highway and numerous dirt
roads provide access to all parts of the basin. The
adjacent mountainous areas are accessible via Jeep trails.
Three small settlements, Silver Lake, Fort Rock, and
Christmas Valley are supported by cattle ranching, timber
and tourism.

Average annual precipitation 1is less than 10 inches
(Hampton, 1962). Water wells reach down to good aquifers
in plateau basalts. Surface water occurs at Paulina Marsh
and Silver Lake, which are fed by Buck, Bridge and Silver
Creeks. Christmas lLake is dry.

West of the basin, hills are covered with sagebrush,
juniper, and‘ponderosa pine. Farther west and at higher

elevations the forests change to a variety of conifers.
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Within the basin only sparse sagebrush and clumps cf grass
survive. No trees grow on the lake sediment, except at
Lost Forest (fig. 2) where ponderosa pines grow in wind
blown sand above a perched water table.

Tuff rings are easily recognized; they occur as

brownish-orange hills and ridges rising above the basin
floor, and are commonly covered with junipers.

Previous Work

Allison (1966) has summarized the findings of numerous
paleontological expeditions to Fossil Lake, in eastern
Christmas Lake Valley.

The structure, especially the fault paitern, has been
studied by Russell (1884), Donath (1962), and Hampton
(1964). Walker, Peterson, and Green (1967), published an
excellent geoiogic map.

Water supplies are discussed in papers by Russell

(1884), Van Winkle (1914), and Hampton (1964). Russell

‘recognized that Christmas Valley is a former lake basin.

Recent studies are by Hampton (1964), and Allison (1966j.
Dole (1941, 1942) described lake sediments and ash exposed
in aeolian blowouts at Fossil Lake.

Studies of necarby volcanic fzatures include a struc-
tural investigation of Glass Duttes by Waters (1927),

geologic mapping of Newbetry Caldera by Williams (1935),

and Higgins and Waters (1967, 1968). Tuff rings in the
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of investigated tuff rings and cones,

Greene, R. C., 1967).
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basin are briefly described by Peterson and Groh (1963
and Waters (1967).

Methods and Procedures

~

I mapped the tuff rings of the Fort Rock - Christmas
Lake Valley basin in 4 months during parts of 1967, 1668
and 1969. Mapping was done on 1:24000 scale aerial photo-
graphs taken by the U. S. Department of‘Agriculture, Soil
Conservation Service. I compiled the planimetric maps at
a scale of‘1:8000, using enlargements cf selected photo-
graphs. The location map (fig. 2) was compiled from the
1:250000 scale Crescent AMS Sheet and a geolcgic map by
Walker, et al. (1967). Stratigraphic sections wvere
measured using a Jacob's staff and Brunton compass.

Cﬁemical analyses of the tuffs and lavas were made by
x-ray flourescence techniques as cutlined in UCSB Geology
Department Information Circular no. 1 (unpublished ms.,
1967). Samples analyzed were powdered and pressed into
pellets. The standards used were U. 5. Geological Survey
silicate rock standards G-1, W-1, and AGV-1. NaZO was
analyzed by flame photometry. HZO was analyzed by
techniques outlined in Shapiro and Bramnock (1962).

Stratigraphy of the Fort Rock - Christmas Lake Valley Basin

Deposits "in the Tort Rock - Christmas Lake Valley
range in age from Pliocene to Recent (fig. 3). The oldest

fermation 1n the area is the Pliocene Picture Rock Basalt



PLEISTOCENE AND
RECENT

PLIOCENE

Fig. 3.

1964).

7
THICKNESS DESCRIPTION
(METERS)
Sand dunes at the eastern end
0-9.5 of Christmas Lake Valley.
0-2.0 Gravels eroded off the tuff
’ rings.
0-215 Tuff rings and cones of partly
palagonitized sideromelane tuff.
S Lake sediments; mostly diato-
EXyr—|

et 0-215

mite. There are some inter-
bedded tuffs and sandstones.
Near the basin edge and inter-
beds of coarser grained
sediment and lava flows.

Flows of highly feldspartic
basalt with a diktytaxitic
texture. The Picture Rock
Basalt of Hampton (1964).
There are some interbedded
tuffaceous sediments and
basaltic tuffs exposed along
the southeast edge of the
basin.

General stratigraphic column of the rocks in the
Fort Rock - Christmas lLake Valley Basin, based on measured
sections and driller's logs (from water wclls; Hampton,
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(Hampton, 1962). The formation is over 230 meters thick

and consists of thin basalt flows which form the basement
berneath the lake deposits of the Fort Rock - Christmas
Lake Valley Basin. It is well exposed in the east wall
of the Silver Lake Graben. Here, individual flows about
9 meters thick dip gently under the younger deposits,
forming the main aquifer of the basin. -Subophitic and
diktytaxitic groundmass textures of the basalts are spotted
with abundant phenocrysts of labradorite and sparse olivine
rimmed by iddingsite (Walker, Peterson, and Greene, 1967).
In places, thin flows of the Picture Rock Basalt are
interbedded with conglomerates, sandstones, and tuffaceous
mudstones, interpreted by Walker, Peterson, and Green
(1967) as floodplain or shallow lake deposits. These
sediments extend beyond the southeast edge of Christmas
Lake Valley and into the northern end cf Fandango Canyon.
Fossils collected from the interbedded siltstones 4 km
south of Buffalo Wells are of Hemphillian age (middle
Pliocene) (Walker, Peterson, and Greenc, 1967). Inter-
bedded with the sediments and basalts are hyaloclastite
beds of the oldest tuff rings in the arca which are

exposed around the southeast edge of the basin (tuff rings

- SE-0, 1, 2, and 3, E-1, 2, 3, and 4, and the St. Patrick

Mountain-Fandango Canyon complex; see fig. 2.
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Tuff rings at Table Rock, Seven-Mile Ridge, Fort Rock,
Table Mountain, and Horning Bend (fig. 2) overlie flat
lying lacustrine sediments and interbedded tuffs. As
determined from drillers' logs of water wells (Hampton,
1962, pp. B-24 to B-27), the lacustrine sediments and
tongues of basaltic tuffs, probably derived from the tuff
rings, range in thickness from zero at fhe southern basin
edge to over 220 meters under Table Rock.

The uppermost lake beds, well-exposed under the west
edge of Table Rock (fig. 2), consist of interbedded, mod-
erately well-sorted sandstones (volcanic litharenites and
lithic arkosesl), diatomaceous siltstones, and white
lapilli-tuff (appendix 1). The sandstones consist of sub-
rounded to angular grains of basalt, plagioclase, augite,
basaltic and rhyolitic ash, claystone, and siltstone.

Some of the well-bedded sandstones are cross-bedded, with
indicated current directions oriented eastward into the
basin. The source of the sands is the Connley Hills in
the Central-western part of ‘the basin, which are a line

of basaltic cones and intermediate to silicic domes and
flows. This group of volcanic hills appears to have beenan

island, about 6.4 km wide and 19 km long, throughout the

1 . . ..
Sandstone terminology is that of Foik (1968).
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history of the basin. Wells drilled close to the ridge
(well log 8, appendix 1) penetrated lava flows and volcanic
breccias, interbedded with sediments generally coarser
grained than those in the c&ntral part of the basin (well
log 9, appendix 1). A basalt flow is interbedded with
sediments which crop out below Table Rock. (Cross section
C-C', plate 15).

The contact between diatonaceous sediments and
palagonite tuff breccia of Table Rock is sharp. There
is no gravel, talus or soil on the uppermost lake sediments.
Rapid deposition of thick basal tuff breccias of tuff ring
2, Table Rock, deformed the underlying sediments (fig. 5).
Sediments cropping out under the tuff-breccia at this loca-
tion dip under the ring at angles of 30 to 40 degrees.
This is abnormal; away from Table Rock and in the basin,
the sediments are flat-lying. Some of the highest beds
have been injected into the tuff-breccia as mudstone dikes
(fig. 4). The dikes have sharp, irregular boundaries and
bulbous, ovoid, and sheet-1like shapes. Thicknesses Vary
from less than 2 cm to 3 meters in diameter. A single
dike may have a narrow connection with sediments under-
lying the tuff-breccia, broaden into an oval shape, then
narrow to a point.

The sediments below tuff rings at Table Rock behaved

plastically and retained bedding features during
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Fig. 5. Diagram of deformation pattern at the tuff-
breccia (stippled) - scdiment (plain) contact, below tuff
ring #2, Table Rock tuff ring complex. Uppermost layers
of sandstone-and mudstone are intruded into the basalt
tuff-breccia as dikes. Deformed bedding planes are pre-
served within the dikes, although ncarly pinched off where
the dike enters the breccia. Bedding below the contact is
also deformed by small scale faults.
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Sediments directly under Fort Rock and under the tuff
ring south of Table Mountain (fig. 2) are covered by talus
and alluvium. Well logs from f@o wells drilled between
the two rings (8 km east of Fort Rock and 8 km west of the
tuff ring south of Table Mountain) penetrate about 70
meters of clay (diatomite), sand,and tuff.

Palagonite tuffs from the vent at.Horning Bend (fig.
2) o?erlie the talus-covered slopes of a dacite dome and
extend out over lake sediments which surround and lap up
against the dome.

Sediments exposed in aeolian blowouts at Fossil Lake
are similar to those below Table Rock and Seven-Mile
Ridge. Dole (1941) describes these sediments as mostly
diatomite with interbedded silicic pumice and ashy sand.
Allison (1966) describes the mid-Wisconsin age fauna at
Fossil Lake. Lake sediments at Four-Mile Blowout contain
fossils of indefinite mid-Pliocene age (George Walker,
pers. commun., 1968) Hampton (1962) calls the sediments
exposed under Seven-Mile Ridge Pliocene,bon the basis of
28 species of diatoms, seven of which are extinct.

Hampton (1962) correlates the lake sediments and
overlying tuff rings, which he calls the Fort Rock forma-
tion, with tHe Yonna Formation of the Klamath Basin.

Such correlations, based only on lithologic similarities

are not valid; on such a basis the rocks could be
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correlated with basaltic tuffs of any age.

A wave-cut terrace at an elevation of about 1336
meters is visible along the edge of the basin (fig. 2).
It is best scen against steep slopes which border the
southeastern part of the basin. Table Rock, Seven-Mile
Ridge, Fort Rock, Table Mountain, a tuff ring at Boat-
wright Ranch, (fig. 2) and the tuff ring south of Table
Mountain are notched by wave-cut terraces at the same
elevation. Northern Seven-Mile Ridge and the tuff ring
south of Table Mountain were completely leveled by wave
action, leaving mesas 8§ to 15 meters above the floor of
the basin.

Sediments in the Fort Rock - Christinas lLake Valley
Basin were deposited in a lake during Pliocene and Pleis-
tocene time. Evidence for a lake includes: 1. The
presence of diaomite in wells and in sections under Table
Rock,(Sevén—Mile Ridge, Fort Rock, and the unnamed tuff
ring south of Table Mountain; 2. Reverse-graded pumice
beds in the diatomites; 3. Fossil fish and water birds
at Fossil Lake; 4. A beach deposit underlying Table

Mountain; and 5. A wave-cut terrace bordering the basin.
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The ring is composed of palagonitized sideromelane
tuff, lapilli-tuff, and tuff-breccia. They ferm generally
brownish-gray slopes around the outer flanks and ridge tops
and orange-brown slopes near the center. Tuffs and lapilli-
tuffs around the flanks of the ring occur in uniformly
thick beds 1 cm to 2 m thick. In the crater area, however,
bedding is poorly preserved. Bedding which is distinct
along the flanks of the ring gradually '"fades'" into massive
palagonite tuff in the crater area.

Bedding is deformed in some parts of the tuff ring by
slumping and convolute-type bedding on the inner and outer
slopes as well as dlong the crest of the ring. A sequence
of penecontemporaneously folded tuff beds, 6.1 m thick, is
located near the crest of the ridge on the east side of
the ring. There, the tuff beds are deformed into broad,
low-amplitude folds which are over and underlain by
undeformed tuff beds dipping toward the center of the ring
at an angle of 15 degrees. The contact with the underlying
tuffs is sharp and may have been a glide plane along which
the tuffs slid. The deformed beds are similar to convolute
bedding; defined by Kuenen (1953) as a structure charac-
terized by crumpling or folding of laminations within a
well-defined.sedimentation unit.

At the southern end of tuff ring 1 is an outcrop

where the 61 m thick sequence of tuff beds has been folded
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r ’ Tuff Come 3 (Table Rock)
| i .
[ 2 Tuff cone 3 is located on the southern rim beds of
W g tuff ring i. It is a symmetrical cone about 1530 m in dia-
g meter at the base, tapering to a diameter of about 360 m,
F § and stands 360 m high (fig. 10). The cone is capped with
r % flat-1ying basalt which once filled the crater, but
i ' erosion has modified the original cpne,.exposing the once-
r ﬁ; ponded basalt lava lake.
- %: Most of the cone is composed of yellow-brown or
r %; orange sideromelane and palagonite lapilli-tuff beds in
r i; 1 mm to 2 m thick. Near the top of the cone, however,
i

the tuff beds are gray-brown, and contain unaltered
sideromelane. Overlying the uppermost tuff beds is a 1.5
to 6.5 m thick layer of massive black or red cinders and
bombs which represents normal fire fountaining activity

prior to the outpouring of fluid basalt which filled the

crater.

The gray-brown tuff beds near the top of the cone
may have been dehydrated by heat from the overlying lava

lake (fig. 11). These are the only tuff beds in the

W ii_ Table Rock tuff cone which show no palagonitic alteration.
| i; Apparently the dehydration decreases the instability of

F ?l the glass and prevents early alteration to palagonite.

- é:‘ The lava capping consists of vertically jointed

r _Zf aphanitic basalt. It is cut by four faults on its
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The beds, consisting'of well bedded sideromelane
lapilli-tuff and tuff, crop out around the outer edges of
the vent where they dip inward at angles of 30 to 80 degrees
(figs. 15,16). Steeper dips are most common near the base
of the exposed condui; but become less steep near the orig-
inal upper surface. The center of the conduit is filled
with massive tuff-breccia containing blocks of lake sedi-
ment. Since blocks of lake sediments occur within the vent
breccias and the tuff beds of vent 5 are in contact with a
flat-1ying white mudstoné that overlies beds ﬁithin the
crater area of vent 4, vent 5 is clearly younger than vent
4. The tuff beds of vent 5 have a sharp contact with the
lake sediments., Within 2 cm of the contact, the mudstone
is brittle and cemented to the tuffs; it does not appear
to have been sintered to the tuffs as a result of high
temperatures. ‘

The steeply dipping tuff beds which occur within the
vent near its outer margin were deposited as cohesive ash
that was plastered onto the walls during the latter stages
of eruption. Continuing deposition progressively clogged
the vent with ash,'analogous to the grouting of pipes, as
the éctivity waned.

Tuff Ring 6

Tuff ring 6, exposed in an outcrop locuted along the

Silver Lake - Christmas Valley Road at the north end of the
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Table 1. Tuff Rings and Cone of Pliocene Age: A Summary.

NAME SIZE ' BEDDING ROCKS

E-1 1200 m diameter Massive Palagonitize d sideromelane tuff

E-2 2130 m diameter, Poorly bedded ‘Partly palag onitized sideromelane
15 m high at crest lapilli-tuff tuff

E-3 The ring remnant Well-bedded Sideromelane 1lapilli-tuff with a few

(vounger) has a radius of lapilli-tuff blocks of ba s5alt and cemented tuff
“about 1460 m

E-3 Unknown Moderately well-bedded Palagonite t uff

{older) tuff and lapilli-tuff

E-4 2280 m in diameter No good exposures Palagonite t uff

SE-C Not known; partly Massive Lapilli-tuff and tuff-breccia.
buried by lake Sideromelane , partly altered to
sediments palagonite

SE-1 3.21 km in dia- Well-bedded, 2 mm to Sideromelane tuff ¥
neter, 61 m high 0.6 m thick beds of
at the crest lapilli-tuff and tuff

St. 2000 meter dia- Poorly bedded Palagonitize d sideromelane tuff in

Patrick meter at the base. lapilli-tuff the cone. Aphanitic basalt in the

Mountain 180 m high former lava lake and dikes

Tuff Ring
in
Fandango
canyon

2600 m in diameter.

30 to 90 m high at
the crest

Well-bedded lapilli-

Sideromelane tuff

tuff in beds 2 to 10
cm thick and poorly
bedded lapilli-tuff in

beds up to 2 m th

ick

B

82
REMARKS
Very poorly exposed.

990 m wide crater, partly filled with mud-
stone and alluvium.

The fuff beds exhibit bedding plane sags
and cross-bedding with current directions
radial around the crater area. An
unconformity dips into the crater zarea

at an angle of 400; it is covered with
well-bedded lapilli-tuff.

There are some graded beds with accre-
tionary lapilli at the base. This is an
older ring, exposed in the cliff face
below E-3 (younger). The two rings are
separated by 20 m of basalt; part of a
flow which buried the older ring.

Very poorly exposed.

2 to 5% angular blocks of basalt, up to

1.1 m long.

Contains 5 to 15% blocks of aphanitic
basalt and mudstone, up to 5 cm in dia-
meter. Graded bedding and cross-bedding
present

A 2 m wide, vertical d1ke extends norih
for 1800 m from the lava lake at the
cone crest.

An unconformlty dips into the crater at
an angle of 379, The unconformity is
covered with well-bedded tuffs.
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8. Table Rock complex. Central-west part of ring 2;
close to the crater. Brittle, yellow-brown tuff.
Vesicular and nonvesicular sideromelane fragments in a
matrix of fine-grained glass particles and diatomite.
The edges of sideromelane fragments are altered to
palagonite.

9. Table Rock complex. Northern edge of ring 2. Well-
bedded brown lapilli-tuff. Vesicular and nonvesicular
sideromelane fragments, tachylite, cbsidian and siliceous
pumice sand, clay fragments, and plagioclase and olivine
crystals are in a matrix of clay and fine-grained basaltic
glass. Glass fragments are paritly altered to palagonite.

10. Table Rock complex. North end of ring 2. Thinly
bedded yellow-brown lapilli-tuff. Graded bedding observed
in thin section, from 1.5 mm diameter sideromelane frag-
ments at the top of the bed. There are small phenocrysts
of olivine and plagioclase (Anéo) in the glass.

11. Table Rock complex; high in the section, ring no. 2,
east flank. Brown tuff colilected from base surge dunes.
There are alternating 1 cm thick beds of: 1. poorly
cemented 0.5 to 0.2 mm sideromelane fragments with no
matrix and 2. 0.1 mm diameter sideromelane fragments in
a matrix of very fine-grained glass particles. Some of
the fragments are partly altered to palagoenite.

12. Table Rock complex; collected from dunes on the east
flank of ring no. 2. Very well-bedded brown tuff. Graded
beds as thin as 1.5 mm, with sideromeiane fragments of 0.5
mm diameter at the base to 0.02 mm diameter at the top.
Most of the slightly palagonitized sideromelane fragments
are nonvesicular. There is some calcite cement.

13. Table Rock complex. Center of crater; ring no. 2.
Brittle yellow-brown tuff. Very poorly sorted vesicular
and nonvesicular glass fragments and tachylite in a matrix
of dark red-brown fine-grained glass fragments. All the
glass is partly altered tc palagonite. Vesicles and pore
space is filled with a zeolite cement.

14. Table Rock complex. Sample is from the southwest
flank of Table Rock tuff cone (no. 3). Brittle gray-brown
rock, orange on a weathered surface. Vesicular and non-
vesicular sideromelane fragments, basalt and tachylite
fragments in a matrix of fine-grained glass fragmenuts.

All the glass fragments are partly altered to palagonite{
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