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INTRODUCTION

The Bot Creek rﬁyolite flow, located 13 km east of Mammoth
Lakes, California, is one of 12 Pleistocene rhyolite flows that
erupted in the moat of Long Valley caldera following collapse of
the caldera (Bailey and others, 1976.) It erupted 280,000 years
ago within Pleistocene Long Valley lake and was in iérge part sub-
lacustrine (Fig.l). |

The general purpose-of this study is to describe the morph—
ology and internal structure of the flow and to infer from these
its emplacement and cooling histories. As about two-thirds of the
body was emplaced sub—aqueously,'the effect of the lake water on
the flow is an important aspect of study.

PREVIOUS STUDIES

The earliest description of rhyolite flow features, in Eng-
lish, was included in a paper by Iddings (1888). He described
and illustrated various textures in the rhyolite of Obsidian
Cliff at Yellowstone Park, Wyoming. 1Iddings also presented an
explanation of the process by which foliation developed.

A classic study of domes by Williams (1932) and investiga-
tions of the Mono Craters in California by Putnam (1938) and
Loney (1968) provided basic information on the structure and lith-
ology of rhyolite extrusions which were useful in the present
study. Christiansen and Lipman (1966) described the.emplacemeﬁt
and cooling history of Comb Peak Rhyolite flow in Nevada. Fund-
amental concepts drawn from this paper were used as a basis for
study and interpretation of the structure and lithology in Hot
Creek flow. A similar study by Baeffner (1975, 1976) of the

Shoshone volcanics, Death Valley, California, also provided use-



Figure 1. Generalized geologic map of Long Valley,
- California (modified from Bailey, 1974)
showing relations of Hot Creek flow to

other features of Long Valley caldera.
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ful background information.
FIELD DATA

The field work upon which this study is based was carried out during the
summers of 1975 and 1976 and forms part of a broader study of the Long Valley
caldera. The topographic map upon which the field data was plotted, was
prepared at a scale of 1:7900 from U.S. Forest Service air photos using a Kearn
PG-2 plotter. The contours are generally accurate to within +10 ft. Due to
lack of adequate control points, contours at the southern tip of the flow are
only accurate to within + 40 ft.
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MORPHOLOGY AND GEOLOGY

The Hot Creek flow is roughly elliptical in plan (Fig. 2)
and thins from south to north (Fig. 3). Its southern perimeter is
bounded by steep slépes and vertical cliffs whereas its northern
perimeter is topograPhically more subdued and partly buried by
lake sediments. The presence of the Pleistocene lake is indicated
by 1) the surrounding deltaic lake deposits, 2)the gravel-covered
lake terraces at various locations around the caldera; and 3) the
distribution of ice-rafted granitic and metamorphic float below
7250' on the surface of Hot Creek flow. The lake was fed by a
stream flowing in the vicinity of Hot Creek as shown by alluvial
gravel deposits south and west of the flow.

The upéer surface of the flow exhibits two distinctly 4diff-
erent morphologies. (Fig. 2 and Fig. 3a and 3b). The southern
third of the flow (Fig. 3c) has greater local topographic relief
than the northern two-thirds (Fig. 3d) which has more subdued,
rounded topography. The boundary between these two parts of the
flow is very irregular and generally coincides with the 7200' to
7250' ft. topographic contours, which in turn coincide with the
post-eruptive lake level (see Bailey, 1976). Thus, the boundary‘
is the former lake shoreline. Figures 3a and 3b show in profile,
the gradual transition from subaerial to sublacustrine.

The southern, subaerial surface (Fig. 2 and Fig. 6) is com-
posed of nearly equally-spaced, asymmetrical, arcuate ridges
as much as 200 m long, that grade into randomly spaced, linear
to arcuate ridges of diverse size and shape, separated by narrow
swales. The sublacustrine'part of thehflow surface is character-
ized by relatively small, linear ridges and rounded knobs which

rise above broader, rounded hills and extensive flat areas (for




Figure 2. Stereo-pair of airphotos showing the flow outline,
and morphologic differences above and below the

paleoshoreline.
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example, Fig. 7, also see Fig. 2) Substantially larger,
steep-faced knobs, ten or more meters across and ten to
twenty meters high typify the flow surface at several localities.

‘ Plate 1 shows the distribution of outcrops as well as
the lighology. On the subaerial part of the flow, the outcrops -
are mostly pumiceous rhyolite, whereas outcrops of obsidian
and felsite that were more resistant to lake erosion dominate the
sublacustrine part (Plate I). Pumiceous debris stripped from
the sublacustrine flow surface ' now forms the deltaic deposits
fhat are well-exposed around the northern half of the flow
(Plate I). The deltaic deposits consist of pumice and obsidian
fragments mineralogically identical to the rhyolite of Hot
Creek flow as well as abundant detritus from the rhyolite flows
of the resurgent dome. Foreset beds dipping to the north indicate
that most of the material is from Hot Creek flow.

Some of the outcrops on the more extensive ridges are

weathered or fractured into large blocks. The lesser ridges
and knobs, particularly in the sublacustrine area often consist
of single, continuous outcrops similar in size and shape to
those depicted in Figure 5. Both the continuous ridges, and
the discontinuous massive outcrops form a broader pattern of

ridges which in plane view (Fig. 2) have concentric or lobate form.
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During the Pleistocene, Hot Creek was apparently a main
channel of drainage for glacial runoff, and as such its eroding
powers must have been substantially greater than gt present. It
is now a 'misfit' as defined by Holmes (1965) since the ampli-
tude of its meanders is less than the width of the valley through
which it flows.

Post-eruptive, northwest-southeast and north-south trending
faults transect the flow offsetting its surface by as much as ‘15
metefs (Plate I). The irregular and discontipuous faults common-
ly form narrow graben, consistent with the regional strain pattern.
These faults are extensions of the Hilton Creek fault, a major
structure aiong the Sierra front, movement on which was ultimate-
ly responsible for draining of Long Valley lake (Bailey, 1976) .
Active hdt springs along the faults, especially in Hot Creek gorge,
have altered the rhyolite extensively. Travertine and siliceous
sinter are common hydrothermal deposits in the vicinity of the

faults.
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MINERALOGY AND CHEMISTRY

The nature of the obsidian indicates that the magma of Hot
Creek flow was nearly aphyric at the time of its eruption. The
obsidian contains one percent phenocrysts including plagioclase,
sanidine, biotite, clinopyroxene, iron-titanium oxides and tra-
ces of apatite and zircon. The average size of the phenocrysts
is less than one millimeter, although they may be as large as
two millimeters. Microphenocrysts, mostly of feldspaf and bio-
tite, averaging .l millimeters in size are also found in the
glass matrix. The proportion of microphenocrysts varies con-
siderably among samples. Some samples appear to have no micro-
phenocrysts at all.

Longulites, microlites and trychytes less than .04 milli-
meters in size, and of felsic composition, are also common in
the ground mass; these too vary in size from sample to sample.

Post-eruptive crystallization during cooling of the flow
produced a variety of ground mass textures ranging from spheru-
litic to_-felsitic. A chemical analysis, CIPW norm, and modal an-

alysis are given in Table 1.




15

TABLE 1 CHEMICAL ANALYSIS, NORM #RD MODAL ANALYSIS
OF OBSIDIAN FROM THE SOUTH END OF HOT CREEK RHYOLITE FLOW

Unpublished Data Supplied by R.A. Bailey

Chemical Analysis - Norm " Modal Analysis

510, 75.54 ' 0 © 31.82 atz 0

Al,0, ©13.24 c 0.25 san .2

Fe203 : -0.38 Or 29.18 plag - .5

FeO 0.65 Ab 33.89 bio .1

Mgo 0.10 An 2.99 hbl 0

ca0  0.64 En 0.25 cpx .1

Nazo 3.99 Fs 0.81 opx 0

K50 4.92 ' Mt 0.52 Fe-Ti ox. .1

H20 0.26 11 0.21

TiO2 0.11 Ap 0.04 glass 99.6

P,05 0.02

MnO 0.04 - Total 100.00 Total

CO, 0.01 “salic 98.15 phenocrysts 1.0
Femic 1.84

Total 99.90
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LITHOLOGY AND ZONATION

Four distinct lithologies can be distinguished in the
lava of Hot Creek flow (Plate I): 1) obsidian, which is commonly
altered to perlite by secondary hydration, 2) spherulitic obsidian,
3) felsite and 4) pumiceous glass which may be massive, brecciated
or fused. Although on a small scale (less than 1 m) these lithol-
ogies may be complexly interlayered, on a broad scale (greater than
1 m) one lithology tends to predominate. On the broader scale,
these predominant lithologies are arranged in a zonal pattern that
can be related to the top and the botﬁom of the flow as shown in
figure 8.

A structural zonation is defined by the massive flow inter-
ior and the brecciated exterior as depicted in figure 8 A.
Superimposed over this is the lithologic zonation which ideally
includes from top to bottom: brecciated pumiceous glass, massive
pumiceous glass, obsidian, spherulitic obsidian, felsite, spheru-
litic obsidian, obsidian, fusel pumiceous breccia, and non-fused
pumiceous breccia (fig. gB). |

The zonétion is a result of two superimposed processes.
The structural zonation formea dufing flow when the spreading
lava vesiculated and cooled to form a crust that enveloped the
fluidal interior. .Once the flow came to fest, slow, progressive
cooling and crystallization of the fluidal interior lead to the
formation of lithologic zones.

Similar zonation was described by Christiansen and Lipman
(1966) for Comb Peak rhyolite flow and by Haeffner (1976) for the
rhyolite lavas of the Shoshone volcanic field, Death Valley.

Although not as completely exposed as at these localities, the




Figure 8. Idealized cross section showing structural

and lithologic zonation.
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above zonation is also locally displayed in the Hot Creek flow
(fig. 9 A).

The zonation of most rhyolite flows, the Hot Creek flow
included, is more complex than that shown in the idealized section
of figure 8 . The departures from the general zonal pattgrn of
figure 8 shown by the Hot Creek flow are probably the result of
local complex flow dynamics and abnormal cooling effects of tbe ‘
hkewaters on the sublacustrine part of the flow.

The partial sections of figure 9A and the lithoiogic
map of figure 10 show the vertical and horizontal distribution
respectively of zones in Hot Creek flow.

SOUTHWESTERN CLIFFS SECTION a

A composite vertical section a, 75 m high, 15 m above the
apparent base of the flow is exposed in and above the marginal
southwestern cliffs (fig.. 9 and 10). The continuity of the
cliffs is locally disrupted by talus-covered benches and slopes.
The zones in this section, particularly the spherulitic obsidian
zone, are unusually thick owing to abnormal cooling at the flow
margin.

The lowest exposure in section a is of densely compacted
fused basal breccia consisting of flattened obsidian fragments
in a gray perlitic, locally oxidized matrix (fig. 11). Only a
meter of this fused breccia is exposed, but it probably grades
downward into non-fused pumiceous breccia, which is covered.

The basal breccia grades upward into 15 m of massive
foliated obsidian. The upper 14 m of this obsidian contain
spherulites that increase in size and abundance upward (fig. 12).

Lenses and discontinuous layers of small, coalesced spherulites

—— . o .. e T e mem R . .




Figure g'. A) Three section through the flow showing zones.
B) Synthesized zonation inferred from fig. 18a

and Plate I.



19

D NOILOES . v !
SII11) NYALSAMHINOS . 9 NOIIO3S dOL MOTI ILISOIHOD

q NOTIOES
F9¥09 AITIO IOH




Figure 10. Lithologic map showing lateral distribution

of zones. (Refer to Plate I for details).
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Figure 11. Sample of fused basal breccia from base of

section a. (See Fig. 9A).


































































































































