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Fig. 10-1. Schematic map of age relationships of Lone Pine Creek alluvial fans.

SToP 10 -- LONE PINE CREEK ALLUVIAL FANS

Location. Drive 6 miles west from Lone Pine on the Whitney
Portal Road. Ascend the Sierra front in a large switchback and park
at 2 =i out where the road turns west into the canyon of Lone Pine
Crec...

Purpose. This stop provides an overview of Owens Valley,
Owens dry lake, the Alabama Hills and the Tuttle Creek and Lone
Pine Creek fans.

Description.. West of the town of Lone Pine, along and to the
north of the present course of Lone Pine Creek, is a complex of fan
surfaces extending almost 10 km from the Sierra Nevada range
front. Reconnaissance mapping indicates that these fan surfaces are
of several different ages (Fig. 10-1). Older geomorphic surfaces are
diffzr2niiated from younger surfaces by superposition, boulder
wez.. ving, and boulder frequency.

The oldest fan unit, Qgl, crops out near the Sierran range front
and is well exposed in a road cut leading to the Forest Service
Ccampground and in the incised channel of Lone Pine Creek.
Granodiorite boulders in these outcrops are severely weathered and
most disintegrate with hammer blows. The surface of Qgl is
stmooth. No channel morphology is preserved and the few boulders
that crop out are extremely weathered. The age of this fan is
unknowr.

F unit Qg3 is the most widespread geomorphic surface near
!-0;:; Pine Creek. It is exposed at the top of the section along the
Incised channel of Lone Pine Creek and in road cuts along the

Whimey Portal Road. This unit is characterized by well preserved
and extensive channel morphology. Numerous but weathered
granodiorite boulders crop out on the fan surface. Comparison of
this fan with remote sensing data suggests that this surface may
have been deposited during marine oxygen isotope stage 6.

Just west of Lone Pine and north of the Whitney Portal Road, fau
surface Qg4 is exposed. The fan surface is characterized by well
preserved channel morphology and relatively fresh granodiorite
boulders, a few of which appear to preserve siriations. The surface
of this fan is offset by the Lone Pine fault, a spur of the Owens
Valley fault system [Lubetkin and Clark, 1988]. No shorelines are
present on this fan, suggesting that deposition on the fan continued
after the level of Pleistocene Lake Owens dropped about 13 ka.
Deposition on fan Qg 4 ceased abrupily after siteam capture diveried
Lone Pine Creek to the south (Fig. 13-1).

Fan Qg5 is exposed along the Whitney Portal Road, east of the
Alabama Hills. The fan surface is characterized by numerous
unweathered granodiorite boulders near the fan head and finer grain
sediments near the fan toe. This fan postdates Qg4. Radiocarbon
ages on charcoal from fluvial and dcebris flow strata in this fan
indicate that deposition began at least 4 ka and continued through
historic time,

Looking east you will see the Alabama Hills (Stop 12). This low
range continues south along now-dry Owens Lake. Earlier in this
century, a ferry plied the lake carrying silver ore from Cerro Gordo
to the railroad at Cartago. Looking south along the range front you
will see the scar of the 1989 Tuttle Creek fire (Stop 11).
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Fig. 11-2 (ABOVE). Wind ripples (1-2 cm high) formed in
grus and charcoal (foreground) provide evidence of eolian
transport in an abandoned debris-flow channel, Tuttle Creek fan.
Arrows point to erosion pins. Photograph laken within 36 hours
of the fire.

Fig. 11-1 (LEFT). Extensively spalled granodiorile boulder
36 hours afler the rangefire at Tuttle Creek in 1989. Black areas
are covered by soot from adjacent vegetation; light areas are
spalled. Some spalls are lighily covered by sool, indicating that
spalling occurred during the fire. Note large spall on gronnd
below boulder.
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Fig. 11-3. Oblique aerial photograph looking east down the Tuttle Creek fan. The scar from the 1989 rangefire is the light area in the
foreground.  Abondoned debris-flow channels and boulder levees are evident. The Alabama Hills are in the middle distance.




BIERMAN ET AL-: OWENS VALLEY GEOMORPHOLOGY

Fig. 11-4. Bouldery channel-margin levees and a bouldery debris-flow
sre - rigging an abandoned channel on the Tuttle Creek fan shown in
Fig. ::-3. Relief on snout is >2 meters. View is up-fan.

SToP 11 -- SURFACE MORPHOLOGY AND EFFECT OF RANGE
FIRE ON TUTTLE CREEK FAN

Location. Drive about 4 miles west of Lone Pine on the
Whitney Portal Road. Tumn south on Olivias Ranch Road and drive
about 1.5 miles until you reach the Tuttle Creek bum. The burn and
the ranch road extend to the fan head at which point the road
be- - :x impassable.

Furpose. We will do two things at this stop: 1. Investigale the
effect of range fire on fan surfaces and granitic boulders and 2.
Conirast depositional styles on, and the surface morphology of, the
fans along the Sierran front (glaciated, granitic source rocks,
inactive at present) to those we looked at yesterday along the Whiie
Mountains (unglaciated, metasedimentary and metavolcanic source
rocks, presently active).

Description . We observed the Tuttle Creek fire (3.2 km2. 30
March 1989) as it burned over bouldery, scrub-covered alluvial fan
§i. - 5 and range-front talus cones. Winds during the Tuttle Creek
bum ranged from 5 to 10 m/s (12-25 mph) with higher gusts. The
flame front was narrow and varied in height as wind speed and
direction changed. On the basis of the size and duration of the
Tuttle Cresk fire, dwell time for the fire at one area was 2 to 4 min,
although the presence of charred pifion stumps indicates that heating
was more intense and of longer duration in the vicinity of individual
trees.

We examined granitic boulders affected by the Tutile Creek range
£r= and observed that, on some of the boulders, nearly half of the
1 " surface had spalled (Fig. 11-1). At Tuttle Creek, less than 5%
of the boulders in the burn area spalled; however, boulders adjacent
to the charred remains of trees and large bushes were heavily
darkened by soot and more commonly damaged by spalling than
boulders isolated from vegetation. This observation indicates that
the extended and perhaps more intense heating caused by the
Presence of burning trees and sagebrush bushes increased the
Pprobability that a particular boulder would spall.

Our observations suggest that most granodiorite spalls are
* ~ween 0.5 and 3 cm thick, cover an area belween 50 and 200

-2, and shatter into grus or smaller pieces of rock. Photographs,
taken during the two years since the burn occurred, suggest that

most spalling occurs during or immediately after the fire,

Within 24 hr after the Tutde Creek fire had been extinguished,
grus and charcoal had been moved by the wind and shaped into
bedforms (Fig. 11-2). Similar effects were noted in 1988 by K.
Whipple at the 1985 Symmes Creek bum. Although the surface at
Tuttle Creek was devegetated, erosion pins indicated little net
movement of sediment during the six months after the Tuttle Creek
fire, despite unusual heavy thunderstorms during August 1989.

There are a variety of landforms on this fan surface: abandoned
channels, bouldery channel-margin levees, and bouldery debris-
flow snouts. Compared to the White Mountain fans, the fans below
the glaciated Sierra Nevada have abundant large boulders, more
closely-spaced abandoned channels, narrow boulder berms instead
of broad channel-margin levees, channels inset into the fan surface
rather than perched on topographic highs, and narrow, elongate
overbenk lobes (appear as boulder-laced snouts) rather than wide
lobes forming broad terraces (Figs. 11-3 and 11-4).

STOP 12 - ALABAMA HILLS PEDIMENTS

Location. Drive east toward Lone Pine on the Whitmey Portal
Road. Turn north on Movie Flats road which wanders its way
north through the Hills finally rejoining US 395 several miles north
of Lone Pine. Today we will stop for lunch at the base of a large
inselberg about 2 miles north of the Whimey Portal Road.

Purpose. This stop will provide sustenance and allow closer
examination of the landforms and weathering environment of the
Alabama Hills.

Description. The Alabama Hills are a low range rising several
hundred meters between the Owens River and the Sierra Nevada.
Within the Alabama Hills, both fine-grain metavolcanic rocks and
coarse-grain granodiorite crop out. The granodiorite has been dated
at 85 Ma (U/Pb by Chen and Tilton, 1991) and was therefore
emplaced contemporaneously with the granites of the Sierra
Nevada. The Alabama Hills have presumably been faulted down
from the adjacent range crest. Granodiorite of the Alabama Hills
weathers to a rusty yellow/orange color and so can be readily
distinguished from the gray granite of the Sierra Nevada.

Cn the western flank of the Alabama Hills, in areas where the
granodiorite crops out, are well developed inselbergs, tors, and
pediments. These features are, in places, well coated with rock
varnish, and their morphology reflects the influence of pervasive
and consistent jointing of the granodierite. The large-scale pattern
of light and dark exposures you see reflects primarily the amount of
rock varnish on a particular rock surface. In contrast to varnished
surfaces which are frequently case hardened to a depth of several
cm, unvarnished rock surfaces are frequently grusy and crumble
under & hammer blow. In many areas, it appears that these deeply
weathered and now unvamished rock surfaces were previously
covered by sediment which has now been removed. Initial mapping
suggests that stripping of these surfaces may have been in response
to uplift along the easternmost margin of the Alabama Hills, This
uplift lowered the effective base level of streams draining the
Alabama Hills, initiated incision, and resulted in the partially
denuded landscape before you.

The Alabama Hills are surrounded, and in places, overrun by
granitic alluvium shed from the Sierra Nevada. On the basis of
relative weathering criteria, we have mapped Sierra Nevada
alluvium of at least three different ages.within the Alabama Hills. In
several places, boulders of Sierran provenance lie as isolated erratics
on Alabama Hills pediments. This implies that pediment surfaces
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"Fig. 13-1. Oblique aerjal photograph looking west over Lone Pine Creek and the Alabama Hills. The scarp of the Lone Pine fault cuts fan
surface Qg4 in the lower right-hand comner of the photograph. The large black arrow points to ths scarp and the boulder shown in Fig. 13-2.
The Qg5 fan south of the modern course of Lone Pine Creek is Holocene in age and was deposited afier stream capture and incision during the
Tioga glaciation. The Mount Whitney Portal road runs through the Alabama Hills just 1o the left (south) of the beheaded Qg4 fan.

were extant prior to alluviation and that these surfaces have
subsequently been siripped of their alluvial cover.

In addition to field mapping, we have been studying the
geomorphic evolution of the Alabama Hills by measuring the
concentration of cosmogenic isotopes produced in situ. These
isotope measurements will allow us to estimate the rate at which
specific granitic surfaces with the Alabama Hills have eroded and
may provide crude limiting ages for the alluvial boulders overlying
the pediment surfaces.

STOP 13 -- LONE PINE FAULT SCARP

Location. Drive 1 mile west of Lone Pine on the Whimey Portal
Road. Park on the north side of the road at an abandoned tumout
with a sign for the Alabama Hills Recreation Area. Walk about 0.5
mile north from the Holocene fan, on which you are parked, to the
Pleistocene fan which has been displaced by the fault.

Purpose. At this stop we will examine the Lone Pine fault scarp,
observe the condition of granitic boulders on a fan of latest
Pleistocene age, and view the scarp boulder on which we have
begun to test the rock varnish cation ration dating method of Dom,
[1983].

Description.  About a kilometer west of Lone Pine, the Qpd
alluvial fan surface is cut by a fault scarp with up 1o 6 m of vertical
displacement (Fig. 10-1 and 13-1). The scarp is well preserved in
bouldery diamicion and has been studied in detail by Lubetkin and
Clark [1988]. On the basis of scarp morphology, rock vamish on
scarp boulders, and wrenching, they suggest that the SCArp Tepresents
three events including the 1872 quake. Lubetkin and Clark [1987]
provide a detailed field description of the fauli.

During the spring of 1989, we opened two additional trenches in
the graben east of the fault. On the basis of stratigraphy in these
trenches, primarily buried vesicular A horizons, we believe that
either three or four events are preserved in a graben adjacent to the
fault. We are measuring the thermoluminescence of 12 samples
collected from these trenches in an attempt to constrain better the age
of faulting events.

This fault scarp, because it exposes large boulders and because it
records several episodes of movement, provides an excellent
opportunity to determine the chemnical variability of rock varnish and
to test the assertion that rock varnish chemistry changes
progressively with time. Tt was first suggested by Lubetkin and
Clark [1988] that one large scarp boulder preserved varnish of two
different and distinct ages (Fig. 13-2). They hypothesized that the
younger (lower) varnish began to form after a faulting event
exposed this portion of the rock. We agree with Lubetkin and
Clark's [1988] interpretation and so collected 44 samples of varnish
from this boulder (Fig. 13-2), We have chosen 10 analyze samples
from this boulder because it provides a particularly well controlled
experiment examining the effect of exposure time on vamish
chemistry as substrate and exposure geometry are held constant,

Analysis of these 44 rock vamnish samples using SEM/EDS,
according 1o the protocol presented in Bierman and Gillespie
[1991b] and Bierman and Kuehner [1991], suggests that varnish
chemisiry differs between the older and younger vamish on the fault
scarp boulder. If chemical data are analyzed using confidence
intervals [see Bierman et al., 1991} the older varnish has higher Fe,
lower Ca, and lower K than the younger varnish; the differences are
significant at greater than 95% probability (Fig. 13-3).
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Fig. 13-2. South face of boulder on scarp of Lone Pine fault, described

by Lubetkin and Clark [1987, 1988]. Polished and rough varnished

. surfaces are of Similer age. Smoothed varnished surface was exposed

after a pre-1872 eanthquake and must be younger than both the rough and
polished surfaces. Numbers refer to vamish sample sites.
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