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GEOMORPHOLOGY AND GLACIAL GEOLOGY
WOLVERTON AND CRESCENT MEADOW AREAS AND VICINITY
SEQUOIA NATIONAL PARK
CALIFORNIA

by Clyde Wahrhaftig
with a section on the Geology of Emerald Lake basin
in relation to acid precipitation
by James G. Moore and Clyde Wahrhaftig
and a section on Seismic Refraction Studies
of the Thickness of Alluvium in the
Wolverton Ground-water Basin
and beneath Crescent Meadow
by John C. Tinsley

Introduction and Acknowledgements

This report on the Geomorphology and Glacial Geology of the Wolverton and
Crescent Meadow areas and vicinity is partial fulfillment of an agreement between the
Geological Survey and the National Park Service to provide geologie information on part
of Sequoia Park for water-supply and other purposes. As written, this report is designed
to fill three needs:

() To provide geologic background for an assessment of the ground-water
potential of the Wolverton basin and of the impact of withdrawing water from that basin
on the drainage basin of Sherman Creek. This material is provided in the section on
Volume of the Wolverton Ground-water Basin and in Seismic Refraction Studies of the
Thickness of Alluvium in the Wolverton Ground-water Basin and beneath Crescent
Meadow.

(2) To provide geologic background relevant to the use of the drainage basins
above the lower end of Crescent Meadow and of the cirque containing Emerald Lake for
monitoring the effect of atmospheric pollution and acid precipitation on Sequoia National
Park. This material is presented in the sections on Surficial Geology and Geomorphology
of Cresecent Creek basin in relation to acid precipitation and Geology of Emerald Lake
basin i in relation to acid precipitation.

(3) To provide background information on the evolution of the landscape of the
Giant Forest—Lodgepole area of Sequoia National Park for the use of the interpretive
ranger staff of the park. This information is presented in the sections on Geomorphology
of the Kaweah Basin and Glacial Geology. These are the two longest parts of the report,
because an attempt was made to write them to be clearly understood by persons of
normal college education who have not had any training in geology. Much background
material had to be included to clarify the relation of the evidence in the Sierra Nevada
and the events inferred therefrom to our knowledge of, for example, glacial advances in
other parts of the world. These two sections are also useful background for
understanding the other parts of the report.

Jay Akers and I made a three-day trip to Sequoia Park on July 6—8, 1983, to
acquaint ourselves with the nature of the problem and the needs of the Park Service.
Because of heavy snowpack throughout the Sierra Nevada during the early summer and
because of commitments to work elsewhere, field work could not begin until about the
first of September. I spent the periods Aug. 31—Sept. 4 and Sept. 14—18 in the Park,
mapping glacial geology. Tom Sisson and Dan Duriscoe accompanied me on Sept. 1 and 2,



respectively, and John C. Tinsley spent Sept. 14— 16 making the seismie surveys, assisted
by Gary Collier and me. Jay Akers and I returned to the Park to make a control plane-
table survey of the Wolverton area for a photogrammetric map, during Nov. 9—11. Dates
given include travel to and from the park.

Approximately five and one-half days were spent in December, 1983, preparing
the map of the Wolverton ground-water area (Plate 2) and writing an early draft of the
report, and 46 days in January—March, 1984, completing the report, doing photogeology
of the Crescent Creek and Emerald Lake areas, and drafting the illustrations.

Beside Thomas Sisson, James G. Moore, Jay Akers, and John C. Tinsley, the other
authors of this and the accompanying reports , the following persons provided assistance:
Of the National Park Service, Ken Bachmeyer, Larry Bancroft, Steve Barnes, Dan
Duriscoe, David Graber, Kathy Kovell, David Parsons, William Tweed, Dawn Vernon, Tom
Warner, and Harold Werner. Of the U. S. Geological Survey, Richard Lugn set up the
photogrammetric model for Plate 2; Fidelia Portillo, Jaylynn M. L. Chun, and Barbara
Bernegger provided assistance with the drafting; Christopher G. Utter did photographic
reproductions for the report; Stacey Andrews, John Galloway, and Dorothy De Mar
instructed me on the use of the word processor; and David P. Adam, Charles Bacon,
Edward J. HelleyhAndre Sarna-Wojecicki, and George 1. Smith provided provided scientific
information on “*C Dating, the Great Valley of California, Owens Valley, and Searles
Leke. I am especially grateful to Gary Collier for providing transportation on two trips
to the park, company in the field, and the musecles to power the hammer-driven
seismograph.
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Figure 1. Map of the western part of Sequoia National Park and vicinity, showing
locations of Plates 1 and 2 and of Figures 7, 8, and 9, and the area of the three
topographic types described in the text. Diagonally lined area, type 1 (high steep
straight slopes); blank area, type 2 (stepped topography); stippled area, type 3
(glaciated mountainland). Thin dot-dash line, drainage divide around the drainage
basin of the Kaweah River; heavy line with two short dashes, park boundaries;
heavy solid lines, major roads. Base from U. S. Geological Survey 1:125,000-scale

map of Sequoia and Kings Canyon National Parks and vicinity, California.
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Geomorphology of the Kaweah Basin, Sequoia National Park

The ground-water basins at Wolverton and beneath Crescent Meadow in Sequoia
National Park are in alluvium in shallow valleys of the plateau area of Giant Forest. The
alluvium beneath the Wolverton area acecumulated behind a morainal dam and is over 100
feet thick in places. No glacial deposits or landforms are present near Crescent Meadow,
and the alluvium there is very shallow.

While it is not necessary to understand the history of these sites in order to
measure the volume of the ground-water reservoirs beneath them, provided enough drill
hole and seismic data are obtained at each site, an understanding of their origin makes
possible extrapolation from a relatively small number of data to consideration of the
movement and storage of water beneath these and other meadow areas of the Giant
Forest plateau. Our knowledge of this history is still very imperfect, as the following
paragraphs show. But what is known and what can be reasonably inferred are presented
below.

The usual picture of the origin of the present Sierra Nevadﬂ is that it is the
emergent part of a tilted fault block of erystalline—mainly granitic —rocks, uplifted
along its east side along a system of faults, and tilted westward toward the Great Valley,
which is the down-tilted part of the fault block, buried beneath alluvium. This history
was developed mainly in the northern Sierra Nevada, between Yosemite and Lassen
Parks, where stream gravels within a superjacent cover of essentially undeformed
Cenozoic volcanic and sedimentary rocks, preserved on interfluves between the major
west-flowing streams, provide the evidence on which that history is based (Lindgren,
1911; Matthes, 1930; for a review, see Bateman and Wahrhaftig, 1966, p. 129—169).

The topography of the Sequoia Park region does not fit well into this simple
picture. It is true that the east-facing fault scarp that makes the high, steep, and narrow
eastern slope of the Sierra Nevada is much better developed here than is the diffuse fault
system farther north. However, the western side of the range is not one continuous
west-sloping declivity of 75 to 150 feet per mile as it is farther north. The range at the
latitude of Sequoia Park has a double crest, and the Great Western Divide, its western
crest, is almost as high as the main drainage divide along the top of the east-facing fault
scarp facing Owens Valley, and lies 8 to 20 miles west of the main crest, with the south-
flowing Kern River between. The presence of this second crest 10,000—13,000 feet high,
only 25—30 miles east of the Great Valley at 500 feet altitude, means that the western
slope is in general much steeper than it is farther north and has elements as precipitous
as the eastern slope.

Farther north, rivers flow west and southwest on courses presumably consequent
on the westward slope of the range. The tributaries of the Kaweah, however, have a
remarkably palmate pattern. The five main forks come together from different
directions, and the North Fork in places flows southeasterly toward the higher parts of
the range. No sign of faulting is present in the bedrock or topography to account for this
apparently anomalous stream pattern, so it must be assumed that the river and its major
tributaries acquired their pattern before uplift and tilting, and have maintained that
pattern as they cut their canyons. Once they incised their canyons to depths of 1,000
feet, a major disruption of the landscape would have been required to pond the streams
and cause them to overspill their divides and take different courses; and apparently

1As used here, the term granitic rocks includes granite, quartz-monzonite, granodiorite,
and diorite.




tilting proceeded slowly enough, and down-cutting rapidly enough, that such ponding
never occurred.

Three strikingly different kinds of topography make up the Kaweah Basin in the
Sierra Nevada (Figure 1). The first type, common in many mountain ranges but less so in
the Sierra Nevada, covers a large central area of the basin, stretching northerly across
all five sub-basins. It makes the steep transition from high mountain-lands to low
foothills, and consists of relatively straight slopes several thousand feet high at
inclinations of 22° to 39°, which are intricately dissected by ravines spaced 300—1,000
feet apart. This is the topography generally found in rugged mountain-lands where
bedrock is mantled in large part by a layer of soil and rock debris that has weathered in
place or accumulated by isolated rockfalls. Small patches of such soil and debris are
mobilized on the rare occasions of extremely heavy precipitation and ground saturation
into debris avalanches which may be accompanied by massive rockfalls. These commonly
run down the slopes or steep ravines directly into the stream beds, and their detritus is
carried on downstream during major floods. The bulk of the erosion of these steeply
sloping mountain-lands is the integrated effect of these infrequent debris avalanches,
that occur whenever the effects of weathering or rockfall accumulation create a mantle
thick enough to become unstable during heavy rains. The origin of this topography will
not be discussed further, because the areas of concern in this report do not lie within it.

The second topographic type consists of rolling plateaus and broad benches
decorated with dome-like mountains and occasional rugged knobs and spires. The
plateaus and benches occur at many different levels and descend from one to another by
irregular steep bluffs with numerous outcrops and cliffs. Streams in this topography have
quiet sandy reaches across the plateaus, and descend the bluffs via cascades and
waterfalls. Thus their longitudinal profiles are irregular, unlike the profiles of streams in
the first topographic type. This topography has been called a stepped topography
(Wahrhaftig, 1965, see also Bateman and Wahrhaftig, 1966, p. 149-155).

This kind of topography occurs in two parts of the Kaweah drainage:

(D) in the foothills below and west of the steep slopes of the first topographic type—for
example, south of Lake Kaweah and around Grouse Valley; and

(2) above the region of steep slopes, where it makes the plateaus of Giant Forest and at
the head of the South Fork, and along the Generals' Highway between Lodgepole and the
Kings River Canyon. The boundary of these plateaus with the region of steep slopes (the
first topographic type) is usually a line of granitic outcrops and cliffs. This stepped
topography occurs mainly on granitic rocks, and its probable origin is discussed below.

To the east of this upland plateau belt, and mainly in the headwaters of the
Kaweah basin, is the third topographic type: a largely bare-rock region of sharp-crested
peaks and ridges, U-shaped valleys, bowl-shaped valley heads (cirques), and many lakes.
This topography is the product of glacial erosion during the Pleistocene, and is
widespread throughout the High Sierra. It origin is discussed in the section on Glacial
Geology.

The Wolverton area lies on the boundary between the glaciated area and the
stepped topography, and the Crescent Meadow area lies on the stepped topography of
Giant Forest, just upstream from its contact with the first topographic type.



The Stepped Topography

The peculiar character of the stepped topography appears to depend on the
weathering characteristies of granitic rocks, particularly those rocks that contain the
mica biotite (Wahrhaftig, 1965). These characteristics involve, first, the hard and
resist&nt nature of the unweathered rock; second, the way in which the rock is broken by
joints™; and third, the conditions under which granitic rocks weather and the nature of
their weathering products, which are usually sand and clay and rarely anything coarser.
Each of these characteristics is considered below.

Granitic rocks consist of aggregates of tightly interlocking crystals of quartz,
feldspars, micas, hornblende, and augite. The individual crystals rarely exceed a
centimeter in length, and are generally only a few millimeters across, but some crystals
in the rock (called phenocrysts or megacrysts) may range in size up to 3 or more ecm
across. All the minerals except mica have hardnesses in excess of 5. Unweathered,
these rocks are extremely resistant to abrasion or disintegration.

The granitie rocks are commonly broken into roughly rectangular blocks one to ten
feet on a side by joint systems of at least three ages and modes of origin. The earliest
systems formed soon after the consolidation of the granitic roek, and the joints of these
systems contain dikes of pegmatite, aplite, or fine-grained diorite, or are coated with
hydrothermal minerals such as epidote, chlorite, tourmaline, or quartz. In other parts of
the Sierra Nevada, the commonest of these joints are spaced tens to hundreds of feet
apart and dip northerly or northeasterly at angles of ten to thirty degrees. I did not
observe them in the Wolverton area, but I did not look for them.

The second class of joints includes nearly vertical joints usually in two sets at
nearly right angles, spaced one to ten or more feet apart. The sets may trend northeast
and northwest or northerly and easterly. The orientation of sets of these joints may
change abruptly across master joints (with more variable direction) spaced a mile or
more apart. These joints appear to have formed in response to tension or torsion in the
earth's crust; most of them appear to be pure tension cracks (Segall and Pollard, 1983a
and 1983b). Later, in the Sierra Nevada, a small amount of shear (or fault displacement)
took place along some of these faults (Lockwood and Moore, 1979). Usually this was a
left-lateral strike-slip displacement of a few em to a few meters on each fault.

The third and youngest kind of joint is parallel to the nearest land surface and is
spaced 2 to 10 feet apart, usually becoming more widely spaced downward from the
surface (Jahns, 1943). These last joints are attributed to the effect of removal of
lithostatic load from granitic rocks that originally crystallized at depths of a few
kilometers, where overburden pressures are equal to a kilobar (roughly 1,000 times
atmospheric pressure) or more. These joints are called unloading joints, sheeting, or
sheet structure. The term unloading joints will be used here. They were first described
in the Sierra Nevada by G. K. Gilbert (1904) whose observations and inferences of origin
have not been improved on.

The exact mechanism that forms these joints, which are pure tensional joints, is in
dispute. That they form at or near the surface, and result in the expansion of the rock
toward the surface, there can be no doubt, because they strike parallel to the walls of

1 Joints are parallel planar fractures spaced at crudely regular intervals; all the joints
parallel to each other are grouped into a joint set; and the rock may contain 3 to 6 joint
sets. Two or more joint sets related in origin make a joint system.



valleys and canyons, regardless of the direction of the valley or canyon, and dip slightly
less steeply toward the valley axis than the valley walls. They are behind most near-
vertical cliffs in granite, such as the walls of Yosemite Valley. They are gently and
broadly curved beneath the crests of hills and ridges, conforming closely to the land
surface. It is unlikely that they extend very deeply into the ground, for intersecting sets
of these joints are rare or non-existent, even where the topography has changed its shape
drastically as it evolved—for example, in glacial cirques quarried into the sides of
otherwise smoothly rounded mountains (see the observations of Gilbert, 1904, regarding
this).

Evidence in the Wolverton area that these joints are mainly confined to shallow
depths is contained in the record of drilling of holes W-9 and W-10 (Plate 2). There,
frequent dropping of the drill bit through voids in the uppermost 30 feet indicated the
presence of these joints beneath the dome-like ridge west of Long Meadow. From 30
feet to the bottom of the hole at 160 feet, apparently no joint sufficiently open either to
cause the bit to drop or to carry and transmit water was encountered (Akers, 1984).

It is these last joints that control the development of topography in granitic rocks,
for they provide planes of weakness along which the rock will slide or can be quarried,
and are important avenues whereby water and atmospheric gases enter the rock and
weather it, Thus once they are established, they tend to preserve the shape of the land-
surface they are on, even though the erosional processes involved would be expected to
give the topography a different shape. For example, the Grand Canyon of the Tuolumne
in Yosemite National Park was filled to the brim with the largest, thickest, and probably
most active glacier in the Sierra Nevada, yet still has a V-shaped cross-profile.

Because they form smooth, dome-like curves under the crests of hills and ridges,
even though those crests may initially have been sharp and narrow, their continued
peeling off tends to make the hills and ridges broadly rounded, and they lead to the
formation of the "bald rock" or dome outcrops of granite so common in Sequoia Park and
elsewhere in the Sierra Nevada. The mountain between Long Meadow and the General
Sherman Tree is an example of this broadly rounded topography, developed on unloading
joints.

The third factor responsible for the stepped topography is the chemical
weathering of granitic rocks and the conditions that promote chemical weathering.
Chemical weathering requires the presence of water and atmospheric gases, and is
promoted by the presence of organic decay products, which make soil waters acid. In
humid tropical environments all the mineral constituents of these rocks except quartz
and similarly resistant minerals (e. g., zircon, tourmaline) are ultimately weathered to
clay minerals and ferric and aluminum oxides and hydroxides. In the temperate and
rather dry climate of the Sierra Nevada, weathering of granite rarely goes this far.
Instead, the granite weathers to coarse granite sand (called gruss) whose individual grains
are commonly polymineralic aggregates of quartz, feldspar, ete. Microscopic study of
weathering sequences in the Sierra Nevada show that the first mineral to show signs of
weathering is biotite, which loses some of its iron by leaching and oxidation; about 1%—
2% of the biotite is altered to the clay minerals montmorillonite and vermiculite, which
expand in the presence of water (Wahrhaftig, 1965). The slight expansion that results
shatters the surrounding rock; the cracks usually radiate from the biotite grains and
follow cleavage directions in feldspar and amphibole (hornblende) rather than grain
boundaries, to give rise to the coarse sand whose grains are composed of two or more
minerals.



Since weathering requires water and atmospheric gases, and the fresh
unweathered rock lacks porosity or permeability, weathering takes place initially along
joint surfaces, and works inward to the centers of the joint blocks grain by grain as the
weathering of each layer of grains provides tiny fractures leading farther into the rock.
Weathering proceeds fastest at corners and edges where the rock is attacked from two or
three sides; at any stage in the weathering of a joint block, the block probably consists of
a rounded core of hard unweathered rock surrounded by a shell of rock more or less
completely altered to gruss. The boundary between weathered and unweathered rock is
commonly quite sharp. If the weathering process is interrupted by erosion before the
blocks are completely reduced to sand, the cores may be exposed as rounded rock knobs
or may litter the surface as boulders of weathering, called corestones. Many of the
rounded granitic boulders in the beds of small streams may have acquired their form
before erosion by this weathering process, rather than by being bounced along the stream
bed.

The unloading joints are particularly likely avenues of penetration by water and of
weathering attack, especially where there has been some expansion and arching of the
slab above the joint. It is not uncommon to see three or four feet of crumbly gruss at the
back of caves and overhangs along the exposed edges of unloading joints, with a strong
weathering-induced "schistosity" of fine fractures parallel to the joint.

In the dry climate—with seasonal precipitation—of the Sierra Nevada, the soil
may be moist for most of the year, but the impervious surfaces of rock outerops dry out
rapidly after each rain. Hence the proportion of the year in contact with weathering
agents {particularly water) and, other things being equal, the rate of weathering per year,
is far greater for rock buried beneath soil or its own weathering products (or covered
with a mat of vegetation) than for rock exposed to the air as granite outcrops such as
Moro Rock. Hence exposure converts granite in these climates from some of the most
easily eroded rock—because it weathers readily to materials that can be easily eroded—
to some of the most erosionally resistant rock, because then it weathers slowly and
cannot be transported until it is weathered.

The gruss formed by weathering in the Sierra Nevada is easily eroded, even by
surface runoff of heavy storms, and extreme gullying is prevented only by the fact that
the surface soil, reworked by the biota, is highly permeable and porous and absorbs most
rainfall. However, such sand, in transport by streams, does very little erosion of
bedrock, except to polish the rock over which it flows. A stream needs gravel—pebbles,
cobbles, and boulders—as tools to erode hard bedrock such as granite, and the temperate
or tropical weathering of granitic rocks provides very little in the way of such tools.
What few gravels there are come from pegmatite and aplite dikes and leucogranite that
contain no mica, from mafic inclusions lacking biotite, and from rare bodies of
metamorphic or volcanic rocks in the drainage basins.

The maximum depth of weathering is the depth at which water, as it seeps
downward into the ground beneath the water table, loses its dissolved constituents (gases
and acid radicals) that make it reactive with silicate minerals, and becomes saturated
with soluble weathering products from the rocks. In this condition it is in equilibrium
with the surrounding rock, and no more weathering takes place. Since the movement of
ground-water through fractures in the rock decreases rapidly with depth beneath the
ground-water table, the deeper water is likely to be saturated and unreactive. Hence
there is a zone of maximum potential weathering of granitic rocks whose top is a foot or
so beneath the ground surface and whose base is a few feet or tens of feet below the



ground-water table. Rock within that zone in contact with moist soil or gruss will
weather. At or very close to the ground surface—above that zone—it weathers very
slowly, and below that zone it weathers not at all.

In consequence of this regime of weathering, if granitic rock becomes exposed to
the air along ridgecrests and away from streams, it ceases to weather and erode, but is
surrounded by buried rock that continues to weather and to be eroded to lower levels.
The exposure grows by differential lowering of the country around it into a rock
monument, which will be a hill littered with corestones or a castellated crag—called in
South Africa, a castle koppie—if the vertical orthogonal joints have controlled
weathering. But it will become a dome or a bald rock if the unloading joints controlled
weathering. In the Mojave Desert, hills initially mantled by corestones ultimately
became smooth domes as the corestone mantle slowly disintegrated and unloading joints
came to dominate the rock (Oberlander, 1972).

If the first exposures are in stream beds, as will probably be the case if base level
is lowered or the land is uplifted or tilted and the streams rejuvenated, then the stream
courses turn into a series of cascades or falls over the exposed bedrock, alternating with
sandy graded reaches wherever the depth of weathering had exceeded incision. Although
the streams can initially migrate off the bedrock exposures by cutting into gruss in their
banks, ultimately each stream will be caught in a notch bordered by hard bedrock, and
from that time on its basin upstream can be lowered to the level of the notch but not
below, while the basin downstream from the notch can be lowered to the top of the next
notch downstream (Figure 2). The lines of notches (with cascades) and rock outerops
grow, through differential lowering of the landscape controlled by these notches and
outcrops, into the crests of bluffs that separate sandy plateaus and valleys. The stream
with the lowest notch crossing any particular bluff can capture the headwaters of the
other streams crossing that bluff, leaving their notches and the lines of intervening bluff-
top exposures as a high rim bordering the plateaus upstream from the notch. A sequence
of such plateaus and bluffs is a stepped topography. This is the kind of topography that
dominates those parts of the west slope of the Sierra Nevada that have been developed
on granitic rocks. Generally the step fronts, irregular in height and ground plan, face the
Great Valley, and the tops of the steps slope gently back toward the higher parts of the
Sierra Nevada, at least near their rims. Parts of the Giant Forest plateau are examples,
as are Big Meadow in the Sierra National Forest between Sequoia and Kings Canyon
National Parks and the plateau east of Clough Cave.

Steps also border the canyons of the major rivers (Bateman and Wahrhaftig,
1966). They occur on both sides of the southwest-flowing San Joaquin between Balloon
Dome and Kirchoff Reservoir, and those on the west side of the river face east. They
line the canyons of the Kern River and its tributaries; Chagoopa Plateau is probably such
a step, and there are many steps in the Bartolas Country and the Domeland Wilderness.

The major rivers in the Sierra Nevada, which probably had enough metamorphic
and volcanic rock in their basins to give them adequate cutting tools; and streams
draining the higher parts of the range where glaciation and periglacial activity also
provided abundant cobbles, pebbles, and boulders, were able to saw their way through the
hard bedrock and establish relatively smooth longitudinal profiles in deep canyons.
Nevertheless, they steepen abruptly at their headwaters where they are too small to have
obtained much coarse material. Their deep canyons, incised into the stepped western
front of the Sierra Nevada, control the development of smaller steps on their canyon
walls. The major tributaries of the Kaweah seem to have developed such canyons.



Geomorphic evolution of the Kaweah Drainage
in the light of Stepped Topography

The Sierra Nevada near Sequoia Park seems to have had a more complicated
regime of uplift than farther north. A belt about 20 miles wide, between the eastern
boundary fault and the Great Western Divide, appears to have been uplifted without
tilting, except perhaps slightly to the south. The Kern River may have developed its
south-flowing course on this tilt, and eroded its canyon along the zone of crushed rocks
along the Kern Canyon Fault, which was last active tens of millions of years ago (J. G.
Moore, oral comm., 1984). West of the Great Western Divide the shape of the uphft
included a steep west-facmg monocline, with a slope of about 400 feet per mile (4.3 °),
into which the forks of the Kaweah incised their steep-walled canyons. Rockfalls and
debris avalanches probably kept a stepped topography from developing on these steep
canyon walls, but a stepped topography did develop on the upper reaches of some of the
forks, where there were no tools available for the streams to saw through the bedrock
nickpoints exposed during down-cutting. West of the steep monocline the westward
gradient of the tilted block flattened to about the gradients of tilting along the Kings and
San Joaquin Rivers farther north. In this western foothill region of more gradual uplift,
weathering processes had time to develop a mature stepped topography on the granitic
rocks. The courses of the North Fork of the Kaweah and of Dry Creek are not well
explained by this inferred history.

The barricade of granite outcrops along the rim of the Giant Forest plateau,
represented by Moro and Beetle Rocks, enabled a complicated stepped topography with
several minor levels of graded step tops to develop on the ridge west of Panther Peak
(Figure 7). Crescent and Log Meadows are on one of these graded steps. Others are
Circle Meadow, the bench around the General Sherman Tree, and Round Meadow just
west of Giant Forest Lodge. A few much higher steps are on the west slope of Panther
Peak, including Red Fir Meadow and a meadow above the south end of Log Meadow
(Plate 2). The domed hills and ridges on this plateau include the ridge west of Long
Meadow
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Figure 2. Stages in the Development of Stepped Topography. (1) Uplift or tilting causes

streams to incise their beds into the gruss mantle of a deeply weathered granitic
terrane; the streams encounter unweathered rock at places along their courses, and
outerops appear on hillsides. (2) Outcrops in stream beds act as local base-levels
for erosion upstream, while the country downstream lowers as it weathers. (3)
Outcrops appear in stream beds downstream, creating base-levels for the formation
of a lower step; on the first step, one stream has captured the headwaters of
another with a higher outcrop-controlled nickpoint, and rounded unloading joints
develop beneath the step front. (4) Drainage has been reorganized by stream
capture on the lower step; "bald rock" outcrops emerge on the front of the first
step as the corestone outcrops are removed by erosion. If tilting rather than pure
uplift caused the rejuvenation of the streams, the steps could develop
simultaneously rather than sequentially. This was probably the case in the Sierra
Nevada.

11



*3 2dn31y ‘G961 ‘uBwaIg
pus Sijeyayspm woag *(deoadr ayy jo pud Yinos 3y3) Y31 swadIxXo 3y} 38 oJw
SBAJB JOATY UJ9Y PUB UBAMBY 9y], °UOI}BIOB[3 d0YBL dUy3 JO yS1ay ayj} v sI9108[3
anbaro puw AareA SurioqySiau pus BPBASN BIJIAIS dY} ul dBdad! ursjunour AYL ‘¢ aan3i1g

(f'w S0€) " 0001 - |PAI4uL InO4uOD
"1emo| {4 00S1-0001)

‘w 00¥-00€ A|@ipwixoiddo

s) jjwi| mous d1ydoiboiQ)

‘sapis Buny-yjnos 1iayj uo

5191206 9ADY 0} sypad ysamo| ‘uoypAWNIID mous Joy dadys 0oy ing
DPDAIN DIIIIG jO .\)..\.\ *s19120]6 anbup a\. I JO SOpMI|D jwwns uo pasnq ooow ‘Wi Uiy Y} SA0GD SHId Pun
epiaip 96ouinip wow puo 4a||oA payojos) n ‘JWi] Uy SDWID o $INo4ue) P synad Buipnpur ‘dodad; uibjunow
obll o9€ 00Tl ol o8€ olll 0b6E olll
/\ < mo ousaly @ AN o.:osﬂ.\ucm
N7 oyesia 3 > ,
? 5 3 LTI
& = 3
S 5 a g g 3||1AsAiow @
=3 2 - E osoduow o 3 1 w
2 EX = » < &
— E - ' DO/
o o h /M_ s swesoy ES 31114040
¥, N con (Y
NN A JW\..( : / 000, L4 / / P
a X oy \ Y 2 Lo, / R0
SN, 22 1) /o o Yl O
98 V V_S.z.\//l \\\e«\\\ g Z D \X\\‘u\kﬂe %, ,\\
VHONVIO &. D £ 7005 \\\\\\ \\\N\\‘y\\\%\‘ \\\\vv\\\\\ :
AINLIHM "I RGBS 7 \h§\\ %
r K \\ ) \\\
.f-u\,/\u(/ 0. v % % y W\‘\\\\\\V\«sf ..\\\Mﬂ\u.ﬂ\ Ooo;_\\h .%.«u.#\\;
e>uspuadapu)__¥ .,.530 \\\a. . .P\\&...,\.lw A 7-X \\’\:»z.:\., \“ 27 % Wizl
NOANYD TIWMYS [, 3, 0~ 9 ~%07, N : or
= 0008~
A o SN s oooe
VINYO4I1VD W sy, n I~—~ o // N\
. _ -
NV3id LW E<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>