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GEOLOGIC HISTORY OF THE YOSEMITE VALLEY

By Frangors E. MarTHES

TECHNICAL ABSTRACT

The problem of the origin of the Yosemite Valley inherently
demands a solution in quantitative terms. Its essence is, Towhat
extent is the valley a product of glacial action, to what extent a
product of stream erosion? The principal result of the investi-
gations upon which this report is based is the determination
within narrow limits of the preglacial depth of the Yosemite
Valley and of other facts concerning its preglacial development
which permit fairly definite estimates of the proportionate shares
of work performed by stream and by glacier. The investiga-
tions comprise a detailed survey of the glacial and geomor-
phologic features of the Yosemite region and an equally inten-
sive study of its rock formations, supplemented by reconnais-
sance work of both kinds in adjoining parts of the Sierra Nevada.
The petrologic studies were made by Frank C. Calkins; the
glacial and geomorphologic survey by Frangois E. Matthes.

Detailed mapping of the morainal system of the ancient
Yosemite Glacier has served not only to determine the farthest
limits reached by that glacier but to throw new light on the
significance of the hanging valleys of the Yosemite region. It
is reasonably certain that the glacier never extended more than
about a mile beyond the site of El Portal. The hanging side
valleys of the Merced Canyon below El Portal, therefore, hang
not because of any glacial deepening suffered by that canyon.
The explanation is offered that they hang because their stream-
lets have been unable to trench as rapidly as the Merced River
since the rejuvenation of the Merced by the last uptilting of the
Sierra Nevada. The streamlets were handicapped not only by
their comparatively small volume but also by the fact that their
courses trend northwestward and southeastward, substantially
at right angles to the direction of the tilting, and therefore have
remained essentially unsteepened, whereas the Merced’s course
trends southwestward, directly down the slope of the Sierra
block, and therefore has been appreciably steepened.

Projection of the longitudinal profiles of these hanging valleys
forward to the axis of the Merced Canyon shows that they are
closely accordant in height. Their profiles indicate a series of
points on a former profile of the Merced with respect to which
the side streams had graded their courses prior to the last uplift.
This old profile can be extended upward into the glaciated part of
the Merced Canyon above El Portal and even into the profoundly
glaciated Yosemite Valley, accordant points being furnished by
a number of hanging side valleys (due allowance being made for
glacial erosion suffered by those valleys). However, not all the
hanging valleys of the Yosemite region are accordant with this
set. Several of them, including the upland valley of Yosemite
Creek, constitute a separate set indicating another old profile of
the Merced at a level 600 to 1,000 feet higher than the first.
Others, including the hanging gulch of lower Bridalveil Creek,
point to an old profile of the Merced about 1,200 feet lower than
the first. There are thus three distinet sets of hanging valleys
produced in three cycles of stream erosion. The valleys of the
upper set, like those of the middle set, were left hanging as a
result of rapid trenching by the Merced induced by an uplift of
the range, there having been two such uplifts. Only the valleys
of the lower set hang because of glacial deepening and widening
of the Yosemite Valley, the cycle in which they were cut having
been interrupted by the advent of the Pleistocene glaciers.

They consequently indicate the preglacial depth of the Yosemite
Valley. That depth, measured from the brow of El Capitan,
was about 2,400 feet; measured from the rim at Glacier Point
it was about 2,000 feet.

During that remote cyecle of which the hanging valleys of
the upper set and the undulating Yosemite upland are repre-
sentative the Yosemite Valley itself was broad and shallow, past
mature in form. That early stage in its development, accord-
ingly, is called the broad-valley stage. The deeper hanging
valleys of the middle set were graded with respect to a deeper
Yosemite of submature form which must have had the aspect
of a mountain valley. That stage in its development is there-
fore called the mountain-valley stage. The short, steep
hanging valleys of the lower set and certain topographic features
associated with them show that during the third eycle of erosion
the Yosemite was a roughly V-shaped canyon with a narrow
inner gorge. This stage of the Yosemite, which immediately
preceded the glacial epoch, is therefore called the canyon stage.

Correlation of the Yosemite upland with the upland of the
Table Mountain district, between the canyons of the Tuolumne
and Stanislaus Rivers, shows that it is in all probability a feature
of late Miocene age; for fossil remains of plants and animals
found in the lava-entombed stream channels on the upland near
Table Mountain appear to be of late Miocene age, according to
determinations made by Dr. Ralph W. Chaney and Dr. Chester
Stock. Uplift of the Sierra Nevada at the end of the Miocene
epoch initiated the next cycle, during which the mountain-
valley stage wasevolved. That cycle lasted presumably through
most if not all of the Pliocene epoch. The canyon stage was
produced in all probability wholly during the Quaternary period.

The excellent preservation of the hanging valleys of the upper
set, in spite of their great age, is explained by the exceedingly
resistant nature of the massive granite that underlies them.
The valleys of the middle set were carved in prevailingly jointed
rocks that were less resistant to stream erosion, and the gulches
of the lower set were carved in closely fractured rocks in which
the streams eroded with relative ease. The important part
played by massive granite in the preservation of the upland
valleys and the upland itself is most convineingly demonstrated
near Wawona, in the valley of the South Fork of the Merced,
which may be termed a half-yosemite. The north side of this
valley, which is carved from prevailingly massive granite, has
sheer cliffs, that reach up to a lofty upland, the analog of the
Yosemite upland; and from the hanging valley of Chilnualna
Creek, on this upland, leaps a waterfall similar to the falls that
leap from the hanging side valleys of the Yosemite. The south
side, which is carved from prevailingly jointed rocks, has sloping
forms, and the side streams there descend to the level of the
master stream without making any falls.

In addition to the three sets of hanging valleys and the three
old profiles of the Merced to which they point, there are at hand
enough other topographic data to permit an approximate
reconstruction of the configuration of the Yosemite Valley at
each stage. Three bird’s-eye views are shown, all drawn from
the same point of view, in which the development of the signifi-
cant features of the Yosemite Valley can be traced from stage to
stage. A fourth bird’s-eye view affords a direct comparison of
the canyon stage, immediately preceding glaciation, with the
U-trough stage at the end of the glacial epoch.
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The gradients of the two higher profiles of the Merced,
further, furnish data from which the amplitude of each of the two
great uplifts of the Sierra Nevada can be calculated roughly.
The uplift at the end of the Miocene epoch added about 3,000
feet to the height of the range; the uplift at the end of the
Pliocene epoch added fully 6,000 feet more. Mount Lyell,
which now stands about 13,090 feet above the sea, therefore
stood at about 7,000 feet during the Pliocene epoch and about
4,000 feet during the Miocene epoch.

Of the earlier geomorphologic history of the Yosemite region
a glimpse is afforded in the explanation of the origin.of the
southwesterly course of the Merced River and the arrange-
ment of the lesser tributaries at right angles to it. The Merced
established its course conformably to the southwesterly slant
of the Sierra region, presumably early in the Tertiary period,
when there still existed remnants of a system of northwest-
ward-trending mountain ridges of Appalachian type, which
had been formed at the end of the Jurassic period by the folding
of sedimentary and voleanic strata of Paleozoic and Mesozoic
age. As it grew headward the Merced probably captured the
drainage from the longitudinal valley troughs between these
ridges. Below El Portal, on the lower slope of the Sierra
Nevada, where the folded strata still remain in a broad belt,
the lesser tributaries of the Merced are for the most part
adjusted to the northwesterly strike of the beds. In the
Yosemite region and the adjoining parts of the High Sierra,
from which the folded strata are now stripped away, so that
the granitic rocks are broadly exposed, the northwesterly and
southeasterly trends of many of the streams are largely an
inheritance by superposition from the drainage system of the
now vanished older mountain system. It seems entirely
probable that the northwesterly trend of the Clark Range,
the Cathedral Range, and certain stretches of the main crest
of the Sierra Nevada is likewise inherited from that ancient
mountain system.

The mapping of the morainal system of the Yosemite Glacier
has, further, led to the recognition of three stages of glacia-
tion. During the last or Wisconsin stage, which is recorded
by well-preserved, sharp-crested moraines, the Yosemite
Glacier advanced only as far as the Bridalveil Meadow. Dur-
ing the preceding El Portal stage, which is recorded by rela-
tively obscure, partly demolished moraines, the glacier reached
as far as a point about a mile below El Portal, in the lower
Merced Canyon. Remnants of a valley train of outwash
material can be traced for a distance of 30 miles farther down
the canyon. Of the still more remote Glacier Point stage
evidence is found only in erratic boulders that lie scattered
at levels about 200 feet above the highest lateral moraines
of the El Portal stage, notably near the west base of Sentinel
Dome, 700 feet above Glacier Point, and on the broad divide
east of Mount Starr King.

On both sides of the Little Yosemite the younger lateral
moraines culminate in two parallel crests of about equal height,
vet separated by a broad depression. The interval of time
between the deposition of the outer and inner crests appears
to have been much shorter than an interglacial stage, hence
it is concluded that the Wisconsin stage was characterized
by two glacial maxima. On the other hand, the interval of
time between the Wisconsin stage and the El Portal stage
must have been very long, for whereas the massive granite
on the sides of the Little Yosemite retains over large areas
the polish imparted to it by the Wisconsin ice, it has lost
all the polish that was imparted to it by the El Portal ice
and in addition has disintegrated and been stripped by rain
wash to a depth of several feet. The most reliable measures
of the stripping ‘are furnished by three dikes of slow-weathering
aplite that project like little walls from the summit of Moraine
Dome. Since the ice of the El Portal stage passed over the
dome these dikes have come to stand out, by reason of the

stripping of the surrounding granite, with heights of 7, 8§,
and 12 feet. It is estimated, accordingly, that a period at
least ten times and perhaps twenty times as long as the post-
glacial interval has elapsed since the El Portal stage. That
stage is therefore perhaps to be correlated with either the
Illinoian or the Kansan stage of the continental glaciation.

That the El Portal stage was in turn separated from the
Glacier Point stage by a long interval of time is inferred from
the fact that whereas the oldest lateral moraines of the El
Portal stage still persist as continuous bodies, even on steep
slopes, nothing is now left of the moraines of the Glacier Point
stage save a few boulders of exceptionally durable quartzite
and siliceous granite, even on nearly level surfaces where the
conditions are particularly favorable for the preservation of
moraines. The Glacier Point stage is therefore held to be com-
parable in age with the Kansan or possibly with the Nebraskan
stage of the continental glaciation.

The discussion of the glacial history of the Yosemite region
is supplemented by a map of the valley on a scale of 1:24,000
on which all the moraines and the more significant erratic
boulders are shown in detail, also by a map on a scale of
1:125,000 on which are delineated the entire Yosemite Glacier
from its sources on Mount Lyell and in the Tuolumne Basin
down to its terminus near El Portal and all the lesser ice bodies
that lay within the area tributary to the Yosemite Valley. A
brief description is given of eacy glacier as it appeared in the
earlier and in the later ice stages. It is shown that Half Dome at
no time was overtopped by the ice; also that the Yosemite
Glacier at no time received a tributary ice stream from the
Ililouette Valley, as has been commonly assumed. Instead, a
lobe of the Merced Glacier pushed up into the Illilouette
Valley. Imprisoned between that lobe and the Illilouette
Glacier lay a temporary lake, whose extent is indicated by
deposits of sand and gravel.

The depth of glacial excavation in the Yosemite Valley is
revealed in a longitudinal section affording a direct comparison
of the preglacial and postglacial bottom profiles. It increases
gradually from 500 feet at the lower end of the valley to a
maximum of 1,500 feet opposite Glacier Point; thence it de-
creases abruptly to a minimum of 250 feet at the mouth of the
Little Yosemite. The glacial widening is shown in a series of
cross sections in each of which the preglacial form is super-
imposed upon the postglacial form. It exceeds the glacial
deepening at all points and ranges from a maximum of 1,800
feet on each side in the upper half of the valley to a minimum
of 500 feet on each side at the head of the lower Merced Gorge.
These marked variations are explained by the selective action
of the glacier in rocks of widely varying structure. Where the
rocks were thoroughly jointed the glacier excavated effectively
by quarrying; where the rocks were too massive to be quarried
the glacier only ground and polished. The capacious U form
of the Yosemite Valley is therefore a product of wholesale
quarrying in an area of well-jointed rocks. The gorges above
and below the valley, on the other hand, have remained narrow
because glacial abrasion has been able to effect but slight
changes in their prevailingly massive rocks.

Highly significant in this connection is the fact that the
Yosemite Valley lies in an area where a plexus of local intrusions
composed mostly of granodiorite, diorite, and gabbro, all well-
jointed rocks, breaks the continuity of the vast bodies of siliceous
granite, generally massive in habit, that make up the central
part of the batholith of the Sierra Navada. This plexus did
not of itself give rise to the formation of the Yosemite, but it
happened to lie in the path of the Merced River, which was
superimposed upon it.

The stepwise mode of ascent of the floors of the Yosemite,
the Little Yosemite, the upper Merced Canyon, and Tenaya
Canyon is a characteristic result of glacial action. However,
the edges and risers of the steps are composed invariably of
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massive rock not susceptible of being quarried. They were
therefore not migrant features that receded rapidly headward
during the process of glaciation, in the manner implied by
certain hypotheses that have been advanced in explanation of
the development of glacial stairways. They were essentially
fixed features definitely related to the structure of the rock.
The canyon steps, accordingly, are conceived to have been pro-
duced by selective glacial quarrying. Each tread is essentially
a basin quarried out in jointed rock; each edge is essentially a
residual obstruction of unquarriable rock, smoothed on the
upstream side by abrasion, steepened on the downstream side
by the removal of jointed rock. Glacial excavation proceeds
with greatest vigor at the head of each tread, because there the
ice exerts the greatest force in consequence of its plunge from
the step above and accumulates to greatest thickness.

This explains how the steeply rising preglacial floor of the
Yosemite Valley was replaced by a nearly level, basined rock
floor, and why the depth of excavation is three times as great
at the head of the valley as at its lower end. The ice descended
into the head of the valley not merely by way of the giant
stairway from whose steps the Vernal and Nevada Falls now
leap, but during the culminating phases of glaciation it also
plunged from the lofty platform at the southwest base of Half
Dome in the form of a mighty glacial cataract. The deep,
walled-in heads of the Little Yosemite and Tenaya Canyon
similarly were excavated mainly by great cataracts of ice.

Structure control also has determined the level of each step.
The high level of the Little Yosemite was determined by the
height of the bady of massive granite that forms the upper step
of the giant stairway. The absence of a step at the mouth of
Tenaya Canyon, on the other hand, is explained by the fact
that glacial excavation there was facilitated by the presence of
a belt of fractured rock. ;

The detailed sculpture of the walls of the Yosemite Valley is
likewise a function of the structure of its rocks, the actions of
the weathering processes having been sharply controlled by
local variations in the jointing. Vertical master joints have
determined the profile and orientation of most of the great cliff
faces, including the sheer precipices over which the waterfalls
leap. Northeasterly and northwesterly master joints account
for much of the faceted sculpture. Easterly master joints
have controlled the trend of the great precipice of the upper
Yosemite Fall and of the famous cliff at Glacier Point. Oblique
joint planes dominate the sculpture of the Three Brothers and
of many lesser spurs. Prevailingly sparse jointing in the more
siliceous rocks explains the predominance of massive rock
forms. Narrow zones of intense fracturing, on the other hand,
have given rise to deep recesses, even in places where no drain-
age descends or formerly descended from the uplands. All the
notches, gulches, and alcoves in the vicinity of the waterfalls
at the mouths of hanging valleys and on the steps of the giant
stairway are carved along fracture zones. Only a few have
been produced in the manner explained by Branner, by torrents
that flowed along the margins of the glaciers.

The domes of the Yosemite region have been evolved from
giant monoliths by long-continued exfoliation due to-expansion
of the granite, presumably in consequence of relief from load
by denudation. The irregularities of their curvature still betray
to some extent the trend of the master fractures that originally
bounded the monoliths. Half Dome is exceptional in that its
sheer northwest side has been exposed only recently by glacial
plucking and therefore still retains the plane form which it has
inherited from a sheeted structure with northeasterly trend.
Exfoliation here and in certain other localities is producing
essentially plane sheets. On cliffs ground concave by the
glaciers, notably on the step above the Vernal Fall, it produces
concave shells,

Examination of the débris piles at the bases of the cliffs dis-
pels the belief of some of the earlier observers that 90 per cent

of the material was precipitated by a single great postglacial
earthquake. There is evidence that in addition to many small
rock falls there have occurred several great rock avalanches,
and that the intervals between those avalanches were of suffi-
cient length to permit forests to grow up repeatedly on the talus
slopes. Earthquake action appears to be indicated most
definitely by far-flung hummocky masses of débris that con-
trast with the sloping taluses and that must have been pre-
cipitated from the cliff fronts in their entirety.

The greatest postglacial change in the appearance of the
Yosemite region was brought about by the filling of the glacial-
lake basins with stream-borne sediment. The level sandy
floors of the Yosemite and the Little Yosemite and the succes-
sive treads of Tenaya Canyon all replace glacial lakes. The
floor of the Yosemite Valley does not, however, indicate the
exact level at which the water of ancient Lake Yosemite stood.
It is a flood plain of the Merced River cut about 15 feet below
the old lake level, which is indicated by terraces. Mirror
Lake is not a remnant of a glacial lake but was impounded by
great rock avalanches that fell from the cliffs at the mouth of
Tenaya Canyon, presumably as the result of an earthquake,
some time after the glacial epoch.

An attempt is made in this volume to set forth these facts
and interpretations in language intelligible to the general reader
as well as to the scientist. The Yosemite Valley is treated not
by itself but in its setting, as an erosional feature of the Sierra
Nevada that came into being and was evolved by successive
stages in consequence of certain epochal events in the orogenic
history and in the glaciation of the range.

In the appendix the nature and significance of the remarkable
complex of igneous intrusions into which the Yosemite Valley
is hewn are outlined by Frank C. Calkins. A geologic map of
the Yosemite region, the upper Merced Basin, and the upper
Tuolumne Basin shows the complex in its relations to the vast
intrusive masses that occupy the surrounding parts of the Sierra
Nevada. The rocks described range from nearly white alaskite
to nearly black hornblende gabbro, yet a strong family resem-
blance is visible in all. Two distinet series of intrusions are
recognized—the biotite granite series of the Yosemite Valley
and the Tuolumne intrusive series—and in addition there are
several kinds of rock not definitely assignable to either of these
series.

INTRODUCTION

“The incomparable valley ” the Yosemite has been
called by those who admire and love it—and rightly
so, for where can be found another valley of such
distinctive beauty, such impressive grandeur, such
captivating charm? Yet hardly less appropriate,
from another point of view, would be the title “valley
of mystery,” for surely no other valley has aroused
more curiosity among scientists or laymen or given
rise to more speculation and discussion as to the secret
of its origin. So extraordinary is the appearance of
the Yosemite Valley, with its sheer, monumental
clifis and massive, rounded domes, its lofty, swaying
waterfalls and verdant, parklike floor, that it seems
in a class by itself, created in some special, unusual
way, apart from all other valleys and canyons. No
person of intelligence, it is safe to say, ever beheld the
Yosemite Valley who did not instantly wonder by
what strange process it was formed and through what
fortuitous circumstances it became endowed with
such surpassing beauty and loveliness.
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Not unnaturally the layman’s inclination has ever
been to appeal to a dramatic, violent cause, to a
cataclysm of some kind; for those not versed in the
earth sciences find it difficult to believe that so unusual
a chasm could have been fashioned by slow everyday
processes. Of varied and imaginative conjectures as
to the Yosemite’s mode of origin, consequently, there
has been no lack. Speculation began on the very day,

in 1851, when the valley was first entered by white |

men. Seated around their camp fire on the bank of
the Merced, in view of the stupendous cliffs of El
Capitan, the rough pioneers composing the historic
Mariposa Battalion hazarded the first crude guesses.

Even among scientists there have been more than |

one to whom the remarkable configuration of the

Yosemite Valley has seemed inexplicable save as the |

result of some paroxysm of nature.
indeed, that the first geologist of note who was in a
position to speak authoritatively on the subject, Prof.
Josiah D. Whitney, believed in a catastrophic cause,
and his belief naturally did much to confirm the pre-
vailing trend of thought.
of California, in 1863 instituted the first scientific explo-
ration of the Sierra Nevada, the great mountain range
in which the Yosemite is situated, and as a result of his
observations was led to conclude that the valley had
been roughly hewn into its present proportions by a
dislocation of the earth’s crust involving the engulfment
of a great block, or group of blocks.! In his own
homely but expressive phrase, he conceived the
bottom of the valley to have dropped out, owing to
some convulsive movements within the earth, asso-
ciated, presumably, with the upheaval of the Sierra
Nevada. This hypothesis, having been set forth by
Whitney not only in his official report but also in his
popular Yosemite guidebook,” which was issued with
the approval of the State legislature, became widely
accepted as authoritative; and, being simple, plausible,
and sensational, it did not fail to make a strong appeal
to the popular imagination.

The underlying idea of Whitney’s hypothesis was,
it should be added in all fairness, not so absurd as
some of his opponents have intimated, for there are
many well-authenticated instances of valleys that have
been created by the subsidence of blocks of the earth’s
crust. Several such depressions are associated with the
Sierra Nevada—mnotably Owens Valley and the basin
occupied by Lake Tahoe. However, Whitney’s hy-
pothesis rested on no tangible evidence, and nothing
has been found thus far to substantiate it.

Another scientist who believed in a catastrophic
origin of the Yosemite was Clarence King, who in the
early sixties was one of Whitney’s younger assistants
on the survey of the Sierra Nevada and who later
became chief of the United States Geological Survey

1 Whitney, J. D., Geological survey of California; Geology, vol. 1, pp. 421-422, 1865.
% Whitney, J. D., The Yosemite guidebook, pp. 84-87, 1870.

It happened, |
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of the Fortieth Parallel and, finally, Director of the
United States Geological Survey. King ? conceived
the Yosemite to be essentially a ‘“yawning crack’ due
to the rupturing, or “splitting asunder,” of the earth.
He was the first to discover the unmistakable evidence
of the passage of a glacier through the valley, but
though he saw that that glacier had been at least
1,000 feet thick, he ascribed to it only slight influence
in the modeling of the valley, for, like the other
members of Whitney’s staff, he believed glaciers to
have inherently small excavating power.

Not long after the pioneer explorations of Whitney
and King, however, it became manifest to scientists
that the Yosemite Valley, far from being the product
of a violent paroxysm of nature, had been evolved
little by little, in the course of long periods of time,
through the slow ‘“eroding,” literally “gnawing”

- action of streams and glaciers, seconded by the destruc-

Whitney, as State geologist |

tive work of rain, frost, and other atmospheric agents.

Prof. William P. Blake, of the University of Arizona,
in 1866, was the first to express the belief that the
Yosemite like most other valleys and canyons on this
earth, is a feature wrought by erosional processes.
He regarded it primarily as a stream-worn canyon
in whose final shaping a glacier had played a part,
but, like other geologists of that time, he was inclined
to attribute the remodeling of the chasm to torrents
flowing under the glacier rather than to the glacier
itself.* Unfortunately he presented this tentative
interpretation, as well as the remarkably accurate
analysis which he made on a later visit,® to scientific
audiences alone, and thus the general public has re-
mained unacquainted with them.

It was John Muir,® the keen student and ardent
lover of nature, who first saw clearly that the glaciers
themselves had done most of the excavating. Al-
though not a geologist by profession, he was quick to
perceive the manifold evidences of powerful glacial
action in and about the Yosemite. Fascinated by the
story which he read in them, he devoted most of his
spare time during his sojourn in the valley in 1869
and the years following to tracing the pathways of
the ancient glaciers, and thus the conviction grew upon
him that the Yosemite and indeed all the great canyons
of the Sierra Nevada are primarily channels gouged
out by ice streams. Later, through his charming
writings, he disseminated his ideas of glaciation far and
wide, thereby uprooting in the minds of many people
the primitive belief in a catastrophic origin of the
valley.

! King, Clarence, Mountaineering in the Sierra Nevada, 4th ed., pp. 7, 134,
Boston, 1874.

¢ Blake, W. P., Sur I'action des anciens glaciers dans la Sierra Nevada de Cali-
fornie, et sur 'origine de la vallée de Yo-semite: Compt. Rend., vol. 65, pp. 179-181,
1867.

¢ Blake, W. P., Glacial erosion and the origin of the Yosemite V. alley: Am. Inst.
Min. Eng. Trans,, vol. 29, pp. 823-835, 1900.

® For a partial list of Muir’s writings on the Yosemite Valley, see bibliography,
pp- 130-131. A complete bibliography of Muir's writings was published in Sierra
Club Bull,, vol. 10, pp. 41-54, 1916,
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Prof. Joseph Le Conte,” of the University of Cali-
fornia, upon visiting the Yosemite in 1871, was deeply
impressed by Muir’s interpretations. He also recog-
nized the valley to be an ancient glacier channel, but
he differed from Muir in that he attributed a con-
siderable share of the excavation to stream action
prior to the coming of the glacier.

Of the controversy that arose between Muir and
Whitney little need here be said. Whitney tenaciously
clung to his ‘“dropped-block hypothesis” and even
denied outright that the Yosemite had ever been in-
vaded by the ice® although he had previously published
the indubitable evidence, reported by Clarence King,
of the former presence of a glacier in the valley.® Muir,
on his part, went too far in his claims for glacial erosion.
Dominated by the belief that the Sierra Nevada had
been mantled with ice ‘‘from summit to base” and to
a depth sufficient to bury practically all its features,"
he maintained that the Yosemite and, indeed, all the
great canyons of the range, thousands of feet in depth,
had been gouged out entirely by the glaciers. These
canyons, he asserted, owe not only their general forms
but their very ‘“trends and geographical positions” to
glacial action.” The average depth to which the Sierra
had been stripped of rock by the ice he estimated at
considerably over a mile."

To many persons, naturally, these statements seemed
extravagant. Geologists,especially, were slow to accept
them, because of the evident lack of substantiating
proof. It is to be borne in mind, also, that at the time
when Muir first set forth his views of wholesale glacia-
tion the ice age was still a new and rather vague con-
cept. Little was known of the magnitude which the
glaciers and ice sheets have attained in different parts
of the earth, nor of the extent to which they have
changed the configuration of the lands. The ability of
glaciers to excavate deep canyons in hard rock was still
regarded as a matter to be demonstrated.

How widely the best informed men of Muir’s time
differed in their estimates of the excavational work that
has been accomplished by the ice in the Yosemite
Valley is illustrated by the fact that Prof. Israel C.
Russell,” of the University of Michigan, in 1889, after
having studied the extensive débris ridges, or moraines,
which the glaciers descending from the east flank of
the Sierra Nevada have built at the mouths of their
canyons, declared that in his opinion the absence of
similar bulky moraines at the foot of the Yosemite
Valley argued strongly against the supposition that

7 Le Conte, Joseph, A journal of ramblings through the High Sierra of California
by the University excursion party, San Francisco, Calif., 1875 (republished as
Ramblings through the High Sierra: Sierra Club Bull., vol. 3, pp. 1-107, 1900),

& Whitney, J. D., The Yosemite guidebook, pp. 83-84, 1870.

¥ Whitney J. D., Geological survey of California; Geology, vol. 1, p. 422, 1865.

10 Muir, John, Studies in the Sierra—IV, Glacial denudation: Sierra Club Bull.,
vol. 10, p. 316, 1918 (reprinted from Overland Monthly, vol. 13, pp. 174-184, 1874).

1 Idem, p. 308.

12 Idem, p. 318.

' Russell, I. C. Quaternary history of Mono Valley, Calif.: U. 8. Geol. Survey
Eighth Ann. Rept., pt. 1, p. 350, 1889,

that valley had been excavated mainly by glaciers.
Though himself a noted student of glaciers, Russell
therefore reverted to Whitney’s hypothesis for an
explanation.

Again, Henry W. Turner, of the United States
Geological Survey, upon extending his investigations
in the Sierra Nevada southward to the Yosemite Valley
in 1899, found it so similar in many respects to certain
stream-worn canyons observed by him that he felt
convinced that its features could be explained as
products largely of stream erosion and weathering
processes, facilitated by the jointed structure of the
granite. The glaciers, in his opinion, had done little
more than clear the valley of loose débris.'* Turner
made the first attempt to determine the farthest limits
reached by the Yosemite Glacier and tentatively
located these limits in the vicinity of El Portal, only 9
miles below the valley. The relatively modest dimen-
sions of the ice stream thus indicated, together with the
small amount of débris it had left behind in the form of
moraines, strengthened his conviction that it had had
but slight erosive power. On the other hand, he
rigchtly insisted that the upheaval of the Sierra Nevada
in preglacial time must have greatly accelerated the
flow of the Merced River and caused that stream to

| intrench itself deeply.

Turner’s interpretation of the Yosemite as primarily
a stream-cut canyon was, of course, challenged at once
by the apostles of glacial erosion, notably by Henry
Gannett, then chief geographer of the United States
Geological Survey. Gannett, as a result of his studies
on Lake Chelan, in the Cascade Range, had come to
regard ‘“‘hanging’’ side valleys as characteristic
accessory features of deeply glaciated canyons, and
contended that the height of such valleys affords a
rough measure of the depth of glacial excavation in the
main canyon. The Yosemite, he pointed out, has
hanging side valleys of great height (the upland
valleys from whose mouths the waterfalls pour into the
chasm), and he therefore pronounced it to be “quite
an ordinary and necessary product of glacial erosion.” ®

Prof. John C. Branner, of Leland Stanford Junior
University, on the other hand, stood by Turner, and
on the strength of his cursory observations concluded
that in the Yosemite Valley “the wearing done by the
ice was trivial as compared with the wearing done
by the glacial streams.” '

Several other scientists have since advanced tenta-
tive hypotheses in explanation of the Yosemite’s
origin, each based, however,on only a brief examination.
All of them, significantly, assign a large share of the
excavational work to glacial action, but they differ

1 Turner, H. W., The Pleistocene geology of the south-central Sierra Nevada,
with especial reference to the origin of Yosemite Valley: California Acad. Sci. Proc.,
3d ser., vol. 1, pp. 319-320, 1900.

15 Gannett, Henry, Origin of Yosemite Valley: Nat. Geog. Mag., vol. 12, pp.
86-87, 1901.

16 Branner, J. C., A topographic feature of the hanging valleys of the Yosemite:
Jour, Geology, vol, 11, p, 551, 1903,
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considerably in their estimates of that share.
Andrews, of the Department of Mines,
Wales, interpreted the Yosemite as being essentially
a gorge created by the powerful erosive action of. a
plunging ice cascade, or ice fall, in the Yosemite
Glacier, that receded gradually headward, just as the
Niagara Gorge has been created by the erosive action
of the slowly receding Niagara Falls. The cross cliff
over which the Yosemite Glacier plunged he estimated
to have been “at least 2,000 feet in height.”

Prof. Douglas W. Johnson, of Columbia University,
following Gannett’s idea out to its logical conclusion,
undertook to deduce the depth of glacial excavation
in the Yosemite chasm from the heights and gradients
of its hanging side valleys. Reconciling as well as he
could the discordant results which he obtained by
this method, he arrived at a measure of 2,200 to
2,500 feet at least.” '8

Prof. Andrew C. Lawson, of the University of
California, believed the Yosemite to have been elabo-
rated by glaciation from ‘“a profound erosional
gorge.” ¥ From the insight into the preglacial history
of canyon cutting in the Sierra Nevada previously
gained through his studies in the Kern River Basin,
it was manifest to him that the Yosemite, like the
other great canyons of the Sierra, must have had
great depth prior to the arrival of the glaciers. He
believed it to have been further deepened and also
widened by glacial action, but the work done by the
ice, in his estimation, was ‘“probably not great,” as
the morainal débris deposited below the Yosemite is
of scant volume.

The wide discordance in these different estimates of
the amount of excavational work accomplished by the
glaciers and the preglacial streams, respectively, was
due chiefly to the lack of reliable information as to the
extent and magnitude of the ancient Yosemite Glacier
and its tributaries, to the haziness of ideas that pre-
vailed regarding the preglacial history of the Yosemite
region, and to fundamental differences in conception
as to the eroding capacity of glaciers and the precise
manner in which glaciers do their erosional work. It
will be readily understood, therefore, why in 1913 the
United States Geological Survey at once responded to
the popular demand, voiced by the Sierra Club, for
further and more definite information regarding the
geologic history of the Yosemite Valley and instituted
a systematic and intensive investigation covering the
entire Yosemite region and the neighboring parts of
the High Sierra. There was additional warrant for
such an investigation in the fact that since the end of
the nineteenth century there had come to maturity a

" Andrews, E. C., An excursion to the Yosemite, California, or studies in the
formation of alpine cirques, “steps,” and valley “treads”: Roy. S8oc. New South
Wales Jour. and Proc., vol. 44, p. 312, 1900.

18 Johnson, D. W., Hanging valleys of the Yosemite: Am. Geog. Soc. Bull,, vol.
43, p. 831, 1911,

_W Lawson, A. C., Geology of Yosemite National Park, in Handbook of Yosemite
National Park, compiled by Ansel E. Hall, p. 120, 1921,

New South | physiography,

E. C. | new branch of geologic science—geomorphology, or

as it is also termed—which deals spe-
cifically with the origin and development of the
surface features of the earth and within whose scope
a problem such as that of the Yosemite Valley lm‘gcl.y
belongs. Furthermore, a new detailed topographic
map of the valley that afforded an excellent base for
the proposed studies had recently been completed.

The privilege of carrying out the new investigations
fell to Frank C. Calkins and the author of this paper.
Mr. Calkins’s task was to study the characteristics,
significance, and relationships of the different kinds of

' rock that occur in the Yosemite region, and the writer

was charged with deciphering its glacial history and
studying the evolution of its sculptural features.
For several years the two investigators carried on
their work conjointly throughout the Yosemite region
and the adjoining areas in the High Sierra. Then
each made supplementary reconnaissances, Mr. Calkins
carrying a geologic section across the range from the
mouth of the Merced Canyon up through the Yosemite
region and the writer extending his glacial and geo-
morphologic studies northward to the regions drained
by the Tuolumne and Stanislaus Rivers and southward
over the drainage basins of the San Joaquin, Kings,
and Kaweah Rivers.

As a result there is now at hand a considerable body
of new and definitely correlated data, upon which,
with more confidence than has been possible hereto-
fore, the story of the origin and evolution of the Yosem-
ite Valley may be built. In the first place, the farthest
limits reached by the ancient Yosemite Glacier and
all its tributaries and neighboring ice streams have
now been traced out and definitely mapped. Much has
been learned also of the sequence of advances and
retreats of the ancient glaciers, and some perspective
has been gained upon the spans of time involved in
those fluctuations. Thus it is now established beyond
reasonable doubt that the Yosemite region—indeed,
the entire Sierra Nevada—was glaciated at least
three times during the ice age, having gone through
alternating glacial and interglacial stages, like the
central parts of the continent. Further, three impor-
tant chapters of the Yosemite’s preglacial history now
stand revealed, and the successive stages in the valley’s
development recorded in those chapters are definitely
linked with successive epochs in the growth of the
Sierra Nevada. The geologic age of the earliest of
those epochs, moreover, has been tentatively deter-
mined from fossil remains found in other parts of the
range. Again, the depth to which the Yosemite was
excavated at each stage in its history has been ascer-
tained within narrow limits, and so the crucial question
as to how much of the work was done by the streams
and how much by the glaciers can now be answered
fairly definitely. Last of all, the reason for the dis-
tinctive form of the Yosemite Valley and for its excep-
tional wealth of sculptural features has been found in
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the selective manner in which the glaciers and the other
agents of erosion have acted upon the irregularly
and unusually structured granitic rocks.

In the pages that follow the purpose has been to
set forth the story of the Yosemite Valley in language
simple enough to be understood by one having no
geologic training, yet in sufficient fullness to leave
no doubt in the critical reader’s mind as to the founda-
tion of observed facts or as to the processes of reason-
ing whereby the conclusions are reached. Each
geologic concept is briefly explained, and ponderous
scientific terms are avoided as far as practicable.
Discussions of technical points regarding which there
has been diversity of opinion are purposely made
brief, in order not to weary the reader nor to rekindle
a spirit of controversy.

For the guidance of those who may desire to acquaint
themselves with the older hypotheses and compare
their merits more fully than has here been attempted,
a bibliography of all the scientific literature bearing on
the geologic history of the Yosemite region is added at
the end of the volume.
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GEOGRAPHIC SKETCH OF THE YOSEMITE REGION
AND THE SIERRA NEVADA

LOCATION AND CHARACTER OF THE YOSEMITE VALLEY

The Yosemite (yo-sem’i-ty) Valley * is situated
about 150 miles due east of San Francisco, on the
west flank of the Sierra Nevada, the great mountain
range that extends lengthwise through eastern Califor-
nia. (See pl. 1.) It is the principal scenic feature of
the Yosemite National Park, which embraces a tract
1,124 square miles in extent—almost as large as Rhode
Island. (See pl. 2.) Compared with the entire park,
however, the Yosemite Valley is small, measuring

“ Yosemite comes from ““iiziimati’ or ““ithiimati,” which in the language of the
Southern Miwoks meant “grizzly bear.” It is said to have been originally the
name of the tribe of Indians who inhabited the valley, or at least of that part of the
tribe which dwelt on the north side of the river. The name was given to the valley,
at the suggestion of Dr. Lafayette Houghton Bunnell, by the Mariposa Battalion,
the first party of white men to enter the valley, in 1851,

but 7 miles in length and 2 miles in breadth. It is,
in fact, only a widened portion of the prevailingly
narrow canyon of the Merced (mare-sed’) River, which
traverses the south half of the reservation from east
to west. Nor is it the only chasm of note within the
park. A dozen miles to the north, and parallel to it,
is the Grand Canyon of the Tuolumne (tu-ol’um-ne)
River, a prodigious gash which exceeds the Yosemite
Valley in length and in depth, though scarcely in
scenic grandeur, and which opens into the Hetch
Hetchy Valley, a lesser yosemite that now holds an

| artificial lake, impounded by a dam at its lower end.

Broadly viewed, the canyons of the Tuolumne and
Merced Rivers are two long furrows in the west
flank of the Sierra Nevada—two of a great series of
such furrows, all of notable depth and nearly all
arranged roughly parallel to one another and at right
angles to the crest line of the range. The Yosemite,
therefore, is but one chasm in a'land of many chasms.
It is, however, by far the most strikingly modeled
of all. o : :

From most other parts of the Merced Canyon, and
indeed from most other canyons in the Sierra Nevada,
the Yosemite is distinguished by its great width
relative to its depth, by its exceptionally sheer walls,
and by its level, almost gradeless floor. As is mani-
fest from the views on Plates 3 and 16, B, the Yosemite
is broadly U-shaped in cross section. Even in the
portal between El Capitan and the Cathedral Rocks,
which is the narrowest part of the valley, the floor is
many times broader than the channel of the river.
By contrast the canyon immediately above and
immediately below the valley is little more than a
narrow, V-shaped gorge. In the valley, moreover,
the river has so gentle a gradient that it meanders
about in leisurely fashion, but in the gorges above
and below it makes a direct, tumultuous descent.
The absence of prominent spurs, finally, gives the
valley an open, roomy aspect; it permits a vista to be
had from one end almost through to the other, in
spite of the fact that its course is sinuous. Muir
aptly likened the Yosemite to ‘“an immense hall or
temple lighted from above.”

In depth the valley does not greatly exceed the
deepest of the other parts of the Merced Canyon; it
measures between 3,000 and 4,000 feet. But in the
valley the effect of depth is enhanced, in spite of the
breadth of floor, by the exceeding boldness of the cliffs,
by the continuity of the bordering plateaulike uplands,
and by the seeming deliberacy with which the great
waterfalls descend from the lofty rims.

Because of its walled-in character, its sequestered
position more than halfway up the flank of the Sierra
Nevada, and the ruggedness of the surrounding
country, the Yosemite was originally very difficult of
access. The Merced Canyon in its primeval wildness
afforded no convenient avenue of approach. It had
to be conquered by engineering skill and the use of
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dynamite. Before either railroad or highway had been
constructed there was only a precarious trail for pack
animals. All the earlier routes of travel to the
Yosemite led over the mountainous uplands, so that
one was obliged laboriously to ascend to altitudes of
5,000 and 6,000 feet and then to descend 1,000 to
2,000 feet to reach the floor of the valley.

At first the journey to the Yosemite could be made
only on horseback. It consumed several days and
was so arduous that only those inured to this mode of
travel might undertake the trip with any real enjoy-
ment. A vivid portrayal of those old-time conditions
was given by Prof. Joseph Le Conte ?' in his delightful
narrative of his first excursion to the High Sierra in
1870.

In the fifties and sixties of the last century wagon
roads were extended up from the foothills to mining
camps west and south of the Yosemite, but it was not
until 1874 that roads were opened to the valley itself
(the Coulterville and Big Oak Flat Roads). The
picturesque 4-horse stage then made its appearance,
and although the roads were steep, rough, and noto-
riously dusty, tourist travel increased rapidly. The
completion of the Yosemite Valley Railroad in 1907
naturally afforded a much easier route of approach.
The first motor stage entered the valley in 1913, and by
1916 travel by motor car was rendered possible also
in an eastward direction by the improvement of the
old wagon trail known as the Tioga Road, and thus a
scenic route was opened to the crest of the Sierra and
thence by another road to Mono Lake.

The construction of the State hichway up the Merced
Canyon, to connect with the Government road at El
Portal, may be regarded as the crowning achievement
in man’s conquest of the mountain wilderness that
guards the Yosemite. This highway affords the
motorist a modern, well-graded route available in
winter as well as in summer and is now the main
artery of Yosemite-bound traffic.

The sequestered position of the valley accounts also
for the lateness of its discovery by white men. To the
Spanish settlers in California the chasm remained
wholly unknown. The great mountain range which
from afar they named Sierra Nevada * was a forbidden
land of mystery and lurking enemies. Even the
early American miners who dug for gold in the foothills

% Le Conte, Joseph, A journal of ramblings through the High Sierra of California
by the University excursion party, San Francisco, 1875 (republished as Ramblings
through the High Sierra: Sierra Club Bull., vol. 3, pp. 1-107, 1900).

# The Spanish word “‘sierra” means literally “saw’ and is by the Spaniards
commonly applied to serrate mountain ranges; “sierra nevada’ therefore means
““snowy mountain range.”” The great California range now known as the Sierra
Nevada was first sighted, described, and placed on a map by the Franciscan mis-
sionaries Francisco Garcés and Pedro Font, who accompanied the Anza expedition
that marched overland from Sonora, Mexico, in 1775-76, for the purpose of rﬁnding
San Francisco. “ Looking to the northeast [from a point just south of Suisun Bay],”
wrete Font in his diary on April 2, 1776, “‘we saw an immense treeless plain into
which the water spreads widely, forming several low islets; at the opposite end of
this extensive plain, about 40 leagues off, we saw a great snow-covered mountain
range [una gran sierra nevada), which seemed to me to run from south-southeast to
north-northwest.”” (The Anza expedition of 1775-76, Diary of Pedro Font, edited by
Frederick J. Teggart: Acad. Pacific Coast History Pub., vol. 3, No. 1, pp. 84-85,
1913.)

remained unaware of the existence of the Yosemite
Valley for two years, although they were only 30 or 40
miles from it. It is probably true that the valley was
first viewed from a distance in 1833 by Joseph Redde-
ford Walker, who in that year first crossed the Sierra
Nevada by the Mono Pass and, guided by Indians,
made his way westward over the upland north of the
valley. But the effective discovery of the Yosemite,
through which it became known to the world, was not
made until March, 1851, when the Mariposa Battalion
of volunteers under Maj. James D. Savage, in pursuit
of Chief Ten-ei-ya (Tenaya) and his marauding band
of Yosemite Indians, unexpectedly came upon the
natural stronghold of the tribe * after a hard march
over the snow-covered mountains.

OTHER YOSEMITES

Extraordinary though its character may be, the
Yosemite Valley is not unique. There are in the
Sierra Nevada several other valleys of essentially the
same type. In the upper Merced Canyon, about 2
miles above the Yosemite and at a level 2,000 feet
higher, is the Little Yosemite (pl. 4, A), which is
described elsewhere in this paper. The Hetch Hetchy
Valley, at the lower end of the Grand Canyon of the
Tuolumne (pl. 5, B), though only half as long and
half as wide, bears a striking resemblance to the
Yosemite, having not only the same proportions of
depth to width but the same style of cliff sculpture.
Muir, who loved to dwell in the Hetch Hetchy,
sometimes referred to it as the “Tuolumne Yosemite.”

In the canyon of the Middle Fork of the Kings
River, about 80 miles southeast of the Yosemite, is
the famed Tehipite (te-hip’i-ty) Valley, which though
only 1% miles long and three-quarters of a mile wide,
rivals the Yosemite in scenic grandeur. (See pl. 4, B.)
The Tehipite Dome is, in fact, as strikingly modeled as
any of the major rock forms in the Yosemite region.
About 10 miles southeast of the Tehipite is the great
vosemite of the South Fork of the Kings River,
popularly known as the Kings River Canyon. (See
pl. 5, A.) It is 9 miles long—2 miles longer than the
Yosemite—but is proportionately narrower. Nor
are its walls so high, so sheer, so impressively modeled
as those of the Yosemite Valley. The Kings River
Canyon, however, is surrounded by titanic peaks that
rise 5,000, 6,000, and even 8,000 feet above its floor.

The occurrence of such valleys in different parts of
the Sierra Nevada is highly significant and must be
taken into account in any discussion of the Yosemite'’s
mode of origin.

THE SIERRA NEVADA
GENERAL CHARACTER AND DIMENSIONS
The Sierra Nevada is a single unbroken mountain

range, yet it is comparable in magnitude to an entire
mountain system. As is manifest from the relief map

# Bunnell, L. H., Discovery of the Yosemite, and the Indian War of 1851, 4th ed.,
Los Angeles, 1911,



GEOGRAPHIC SKETCH OF THE YOSEMITE REGION AND THE SIERRA NEVADA 9

(pl. 1), it occupies slightly less area than all the Coast
Ranges of California together. Incredible though it
may seem, the Sierra Nevada is nearly as extensive as
the French, Swiss, and Italian Alps combined. It
is a mammoth range, the greatest in the United States,
exclusive of Alaska. It measures 430 miles in length
and from 40 to 80 miles in breadth.

In height also the Sierra Nevada outrivals all the
other mountain ranges in the United States. Not
only is Mount Whitney (14,496 feet) the highest
summit in this country, but the range as a whole
stands higher above its immediate base than any
other. The Rocky Mountains, many of whose
summits rise above 14,000 feet, stand only 9,000 feet
above the Great Plains, which attain altitudes of about
5,000 feet at the foothills; but the Sierra Nevada
stands not less than 11,000 feet above Owens Valley, at
its east base, and 14,000 feet above the Great Valley
of California, at its west base.

In general form the Sierra Nevada may be likened
to a gigantic ocean wave rolling landward from the
west. It rises from the hollow of the Great Valley in
a long, gentle slope, culminates in a resplendent row of
snowy summits, and with its precipitous front seems
to threaten the deserts to the east. At its north end,
where it joins the less imposing Cascade Range, the
wave form is indistinet, but southward it gains in
height and sharpness, the climax being reached near
Mount Whitney. Still farther south the range declines

crest are neither deep nor easily accessible. The Don-
ner Pass, through which the Southern Pacific Railroad
is laid and which was formerly the main gateway for
the California-bound wagon trains, has an altitude of
about 7,000 feet. The Tioga Pass, familiar to motor-
ists as the picturesque notch on the route from the
Yosemite to Mono Lake, has an altitude of 9,941 feet.
It is rarely free of snow before July. Thence south-
ward to the Walker Pass there is a stretch of 180 miles
without a single pass available for vehicular traffic—
only steep and laborious pack trails which climb to
altitudes over 11,000 feet, and even over 12,000 feet.

The streams that drain the Sierra Nevada are
arranged largely at right angles to its axis, and as the
divide between the westward and eastward flowing
streams coincides essentially with the crest line, the
drainage plan as a whole is as strongly asymmetric as
the form of the range itself. The gentle west slope is
traversed by a series of long rivers; the steep east
front by small, short streams. Both the west slope
and the east frout are profoundly and intricately
sculptured. Each master stream lies in a canyon
several thousand feet deep. The Tuolumne and Kern
Rivers, notably, have canyons between 4,000 and

. 5,000 feet in depth; the Kings River and its main

and, curving toward the west, merges with the Coast

Ranges near the Tehachapi (te-hatch’a-py) Pass.
So strongly asymmetric is the Sierra Nevada that its
crest line is for the most part within a few miles of its
east base but 30 to 70 miles from its west base.

The peaks on the main crest gain in altitude from
about 7,000 feet at the north end to 9,000 feet in the
neighborhood of Lake Tahoe (tah’ho), 12,000 and
13,000 feet in the Yosemite National Park, and more
than 14,000 feet in the Mount Whitney region.
Beyond this they decline progressively to altitudes of
12,000, 9,000, and 6,000 feet.

The east front of the Sierra Nevada.is among the
greatest mountain escarpments in the world. (See
pl. 5, C.) The northernmost part is the least impres-
sive, being only a few thousand feet high and split into
minor ridges that branch off in northerly directions
from the northwestward-trending body of the range.
But toward the south the front gains in height and con-
tinuity. Kast of the Yosemite region it has a height of
fully 6,000 feet above the basin of Mono Lake; oppo-
site Bishop, at the head of Owens Valley, it measures

10,000 feet; and in the neighborhood of Mount |
| flank of the range.

Whitney nearly 11,000 feet, or about 2 miles.

The Sierra Nevada, because of its continuity, height,
and ruggedness, presents a formidable obstacle to east-
west travel. The few available gaps or notches in its

branches have canyons between 6,000 and 8,000 feet
in depth.

As the main canyons lie mostly at right angles to the
crest line, one would expect the major corrugations of
the range to have a similar trend; but this is not true
everywhere. In many parts of the range the more
prominent ridges trend northwestward, roughly par-
allel to the main crest. Subsidiary crests of this kind,
2,000 to 4,000 feet high, occur above the Yosemite
region and throughout the south half of the range. To
them is largely due the extreme ruggedness of its upper
portion—that alpine region which has become known
as the High Sierra.

RELATIONS TO ADJOINING LOWLANDS

There could scarcely be a more complete antithesis
between contiguous features of the earth’s surface
than there is between the Sierra Nevada and the low-
lands that adjoin it on each side—the Great Valley of
California and the Great Basin of Nevada and Utah.
As compared with the lofty range the Great Valley of
California is an almost featureless plain. More than
one-third of its total area—nearly 3,000 square miles—
is less than 100 feet above the level of the sea. Upon
this plain, which is on the whole arid, owing to the pro-
longed heat and drought of its summers, issue the
numerous snow-fed rivers that descend from the west
It is the life-giving waters of these
rivers that have made possible the development of the
great farming and fruit-growing industries for which
the valley is famous.
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The Great Basin, which begins at the east foot of |

the Sierra Nevada, is a lowland of a wholly different
type—a vast province of sagebrush plains interspersed
with sharp-crested mountain ranges. Though low as
a whole compared with the Sierra and the other high-
lands that inclose it, its plains lie mostly at altitudes
between 3,000 and 6,000 feet, and its ranges attain
10,000 to 13,000 feet. The outstanding features of
the Great Basin, however, are the saline lakes and
salt-incrusted desert basins in which nearly all its
streams terminate, the water evaporating into the
thirsty air and leaving its salt content behind. Great
Salt Lake, in Utah, is the largest and best known of
these briny desert lakes, but there are many lesser
ones. Several lie close to the Sierra Nevada and
receive the waters from its east front. Among them
are Mono Lake, which is directly east of the Yosem-
ite region, and Owens Lake, which is southeast of
Mount Whitney.

CLIMATIC CONDITIONS AND LIFE ZONES

To one who stands on the crest of the Sierra Nevada
and views, on the one hand, the well-watered and
largely forest-clad body of the range, and, on the other
hand, the vast desert wastes that stretch to the east
of it, the contrast between the conditions prevailing
in these two regions is impressive. Why, he may ask,
is this mountain country so well favored by nature and
the lowland to the east so neglected and desolate?
The reason is that the Sierra Nevada, like every other
mountain range of great height and extent, is itself a
“climate maker.” In large measure it is the author
of its own weather conditions and controls those of the
regions that are situated to the leeward of it. Lying
parallel to the Pacific coast, it forms a barrier over
which the vapor-laden winds that blow in from the
ocean must rise. As they are forced up to high levels,
they are chilled and discharge their condensed water
vapor. Most of this falls in the winter, in the form
of snow, the summers being remarkably dry.

The exceeding abundance of the winter snows in
the Sierra Nevada is not generally known. Actually
they exceed those in any other part of the United
States, save the Olympic Mountains and the northern
Cascade Range. According to the records of the
United States Weather Bureau the annual snowfall
at stations on the Southern Pacific Railroad, at alti-
tudes between 6,000 and 7,000 feet, aggregates 30 to
40 feet in depth. In some winters it reaches a total
of 60 feet. As much as 20 feet of snow has been re-
ported in a single month, and often there is 10 or 12
feet of snow on the ground at one time. This heavy
precipitation on the Sierra Nevada explains the gen-
eral barrenness of the Great Basin. The air currents
are fairly wrung dry as they pass over the range.

Even the Sierra Nevada itself is not equally favored
with moisture in all its parts. The bulk of the snow
and rain falls on its west slope between the 4,000-foot

and 9,000-foot levels. The foothills and lower slope
partake in large measure of the semiarid conditions
that prevail in the Great Valley; and the higher peaks
and crests also are relatively dry, the air currents hav-
ing discharged most of their vapor content before
reaching those heights. The High Sierra, it is true,
retains its white garb much longer in spring and sum-
mer than the middle slope, but that is due primarily
to the lingering cold, which retards the melting. As
for the east front of the range, naturally it also is arid
as compared with the west slope.

The unequal distribution of the snow and rain on
the Sierra Nevada, together with the wide range in
temperature from the torrid foothills to the wintry
crest, give rise to several distinct climatic belts or
zones, each of which has its characteristic forms of
vegetation and animal life. These zones are broadest
and most distinet on the west flank of the range.

The semiarid foothill belt, hot and dry in the summer
but rainy in the winter, corresponds to what biologists
term the upper Sonoran life zone. Its vegetation
consists characteristically of thin grass, bushy chap-
arral, and scattered groups of live oaks and digger
pines. Between altitudes of 3,000 and 4,000 feet it
merges with the great forest belt or transition life
zone, which has a more genial climate in thesummerand
receives considerable snow in the winter. In the midst
of its stately forests of yellow pine, sugar pine, incense
cedar, Douglas fir, and white fir stand scattered groves
of giant sequoias, or big trees. (See pl. 6, B.) The
Yosemite National Park contains three of these
groves—the Mariposa, near its southern boundary, and
the Merced and Tuolumne, near its western boundary.

The Yosemite Valley itself, being at an altitude of
4,000 feet, is situated in the forest belt, but owing
to the fact that the cliffs on its north side are daily
heated by the sun, whereas the clifis on its south side
remain mostly shaded and cool, it is in a sense the
meeting place of many different species, including
chaparral from the foothill belt and trees from the
surrounding uplands.

At altitudes ranging from 6,000 to 7,000 feet begins
the Canadian life zone, which is characterized mainly
by stands of lodgepole pine, Jeffrey pine, and red fir.
It 1s sought in summer for its exceptionally delightful
climate but shunned in winter because of its frigidity.
Toward the 9,000-foot level the silver pine and moun-
tain hemlock make their appearance, and the Hudsonian
life zone sets in. This is the picturesque timber-line
belt, in which only the hardiest species of trees can
thrive. Atits extreme upper limit, between 10,000 and
11,000 feet, the white-bark pine occurs in curiously
storm-twisted, recumbent, or wholly prostrate forms.
(See pl. 6, A.)

Above the timber line, in the alpine life zone, the
mountain sides and peaks rise essentially bare of vegeta-
tion. Here, from altitudes of 11,000 feet upward, the
precipitation, even in summer, consists largely of snow
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YOSEMITE VALLEY FROM WAWONA ROAD

At the left is the great cliff of El Capitan, at the right the Cathedral Rocks and the Bridalveil Fall. Through the portal between the opposing rock masses is seen the upper or main chamber of the Yosemite
Valley, In the foreground is the lower chamber, flanked at the left by the Rock Slides. The U shape of the valley is manifest throughout. Photograph by J, T. Béysen.
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A. LITTLE YOSEMITE VALLEY

Through this broad antechamber the Merced River approaches the main valley. At the right are the Cascade
Cliffs, streaked by innumerable temporary cascades. At the left is Sugar Loaf.

B. TEHIPITE VALLEY, THE YOSEMITE ON THE MIDDLE FORK OF THE KINGS RIVER

The shortest of all the yosemites in the Sierra Nevada, yet one of the most impressive. At the left is Tehipite
Dome.  Photograph by J. B. Lippincott.
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A. KINGS RIVER CANYON, THE YOSEMITE ON THE SOUTH FORK OF THE KINGS RIVER B. HETCH HETCHY VALLEY AS IT APPEARED BEFORE IT WAS TRANSFORMED INTO A RESERVOIR
The longest chasm of the yosemite type in the Sierra Nevada. It is, however, less wide, less deep, and less beautifully sculptured than the Although only half as long and half as wide, the Hetch Hetchy bears a strong resemblance to the Yosemite, in general form as well as in cliff
Yosemite itself. Photograph by J. N. Le Conte. sculpture. At the right is Kolana Rock; at the left is a cliff resambling El Capitan.

C. EAST FRONT OF SIERRA NEVADA

Telephoto view from Owens Valley, showing a typical portion of the great escarpment nearly 2 miles in height. Photograph by W. C. Mendenhall.
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A. CHARACTERISTIC STORM-BENT TREE AT TIMBER LINE

A white-bark pine growing prostrate along the ground, in the direction of least resistance with
respect to the prevailing winds.

B. GIANT SEQUOIAS IN MARIPOSA GROVE

5 wastern fd
The sequoias stand in groves surrounded by pines, firs, and cedars, about halfway up on the western (lank
of the Sierra Nevada. Photograph by J. T. Boysen.
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A. TENAYA CANYON FROM GLACIER POINT

A typically U-shaped glacial canyon. At the right is Half Dome, and just beyond is the summit of Clouds Rest. At the left is Bas-
ket Dome, and above it, in the far distance, is Mount Hoffmann, white with snow. In the center, darkened by the shadow of
a cloud, is Mount Watkins, and below, at the mouth of the canyon, is Mirror Lake. Photograph by A. C. Pillsbury.

B. VIEW ACROSS YOSEMITE VALLEY FROM RIBBON FALL

ly undulating upland are strikingly brought out

The de " the chasm ¢ N 'S8 Wi ich it trenches the gent
The depth of the ('h.n.\m and the abruptness with which it trenches the gent g O Ryttt

in this view. Taft Point is indicated by letter T. At the lower right is
by F. C. Calkins,



1 ICAI URVEY PROFESSIONAL PAPER 160 PLATE 9
U. S. GEOLOGICAL S )

P i SO

A. VIEW NORTHWARD OVER YOSEMITE UPLAND FROM HORSE RIDGE

WS - e

The Yosemite Valley is deeply ensconced below the general level of the upland and in a view such as this is dificult to find, The summit of El
Capitan is marked with a cross.  Photograph by F. C. Calkins.

B. HANGING VALLEY OF YOSEMITE CREEK AND YOSEMITE FALLS, FROM GLACIER POINT

The most striking example of a hanging valley with a waterfall leaping from its mouth to be found in the Yosemite region. At the left is the over-
hanging rock of Glacier Point. Photograph by A. C. Pillsbury.
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THE GIANT STAIRWAY, FROM GLACIER POINT

In the center is the \lq-\udn Fall, which leaps from the upper step, flanked on the left by Liberty Cap. Below is the Vernal Fall, which leaps from the lower step.
()!l the far side of the Little Yosemite, which is behind Liberty Cap, are the water-streaked Cascade Cliffs, and beyond are the peaks of the High Sierra mantled
with snow. At the left is Mount Florence; at the right is Mount Clark.  Photograph by A. C. Pillsbury.
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A. THE HIGH SIERRA, FROM EL CAPITAN

Half Dome and the head of the Yosemite Valley appear in the center of the view. Freshly fallen snow whitens the distant peaks and gives them a wintry aspect
representative in some measure of the conditions that prevailed during the ice age, when large glaciers extended from the High Sierra down to the Yosemite
region.

A, LITTLE YOSEMITE AND CLARK RANGE, FROM HALF DOME

The Clark Range stands above the general level of the Yosemite upland, of which a long stretch, covered with forests, is visible beyond the Little Yosemite.
At the left is Moraine Dome, from which the lateral moraines of the ancient Merced Glacier extend in serpentine curves.  Photograph by F. C. Calkins,
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or hail, and the temperature in the shade seldom rises
much above the freezing point. Snowdrifts abound
until far into midsummer, and perennial bodies of
old, hard snow and even a few small glaciers linger in
the shaded, steep-walled recesses among the higher
peaks. (See pls. 14 and 28, B.)

THE YOSEMITE REGION
GENERAL CONFIGURATION

That part of the Sierra Nevada of which the Yosem-
ite Valley is the central feature is commonly referred to
as the Yosemite region. By some the term is applied
to the entire Yosemite National Park, but for the
purposes of this paper it may to advantage be restricted
to that part of the drainage basin of the Merced River
which extends from Kl Portal (por-tal’), the lower
entrance to the Yosemite National Park, up to the
heads of the Little Yosemite Valley and Tenaya
Canyon, the two main branches of the Yosemite chasm,
and laterally out to the limiting divides on the border-
ing uplands. (See pl. 2.) The Yosemite region, as
thus defined, embraces an area 20 miles long, measured
in the direction of the master stream, and 20 miles
broad. Beyond its upper border lies the High Sierra;
beyond its lower border, what, for lack of a more pre-
cise term, may be called the lower Sierra slope.

A short distance above El Portal the winding,
V-shaped Merced Canyon contracts abruptly to a
sheer-walled gorge that has few turns, the Merced
Gorge. This pronounced change in the character of
the canyon is accompanied by a general change in the
modeling of the landscape on each side, the choppy,
intricate ridge and gulch topography of the lower
Sierra slope giving way to massive, billowy features.
The reason is that the Yosemite region is carved in
prevailingly massive, resistant granitic rocks, whereas
the lower Sierra slope is made up largely of upturned
slates and other thin-bedded sedimentary rocks.

Proceeding up the Merced Gorge for a distance of 8
miles, the traveler emerges suddenly into the spacious
Yosemite Valley. (See pl. 7.) On both sides its great
cliffs reach up to undulating forested uplands that ex-
tend, unbroken by side canyons, to the head of the
valley. (See pl. 8, B.) There, however, they are
gashed by three converging branch chasms—the Little
Yosemite (pl. 4, A), which is 2,000 feet deep; the
Illilouette Valley, on the south side, which is between
1,500 and 2,000 feet deep; and Tenaya Canyon (pl. 8,
A), on the north side, which is nearly 4,000 feet
deep. The floor of the Yosemite itself has an altitude
of about 4,000 feet above sea level; the uplands rise
from 7,000 feet at their lower margin to 8,000 feet at
the valley head.

Between the three branch chasms the uplands con-
tinue, covered with dense forests of lodgepole pine
and fir, but they are surmounted by isolated domes,
peaks, and crests of bare granite. South of the Little
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Yosemite the upland is particularly well defined. (See
pl. 11, B.) It there rises gradually to an altitude of
about 9,000 feet, terminating at the base of the Clark
Range, the first great bulwark of the High Sierra.
The upland on the north side of the Yosemite Valley
extends all the way to the Grand Canyon of the Tuol-
umne River, which is 10 miles distant; that on the
south side extends for a similar distance to the canyon
of the South Fork of the Merced River. At the brinks
of those canyons the uplands break off just as sharply
as they do at the brinks of the Yosemite chasm.
They are, therefore, in the nature of elevated table-
lands that stand essentially undissected in the broad
spaces between the main canyons.

The two upland tracts, moreover, accord closely in
general height. In a broad view, especially from a
point so far back from the brink of the Yosemite that
that chasm is not visible, their billowy surfaces seem
continuous (pl. 9, A) and appear to be parts of one
and the same westward-slanting high-level surface.
This high-level surface has no local name, but as it is
a topographic feature of prime importance, which has
its analogs in other parts of the Sierra Nevada, it will
here be designated, in so far as it lies within the limits
of the Yosemite region, the Yosemite upland.

One characteristic of the Yosemite upland merits
especial attention: Not one of its numerous vales and
valleys that drain into the Yosemite slopes down to the
bottom of that chasm; on the contrary, they continue
with gentle gradients out to its lofty brinks and there
terminate abruptly—some of them as abruptly as if
cut off with a cyclopean knife. From the mouths of
these “hanging valleys” leap most of the waterfalls
and cascades for which the Yosemite region is re-
nowned. (See pl. 9, B.)

Looking down into the Yosemite from the lip of
one of these hanging valleys (pl. 8, B), at a height of
2,500 or 3,000 feet, one readily gains the impression
that the chasm is an abnormal abyss that lies sunk
deep below the general level of the land. Indeed, the
abrupt termination of the upland valleys at its brinks,
together with the prevailing sheerness of its walls,
strongly suggests that the Yosemite was produced by
a rupturing of the earth’s crust or by the caving in of a
portion of it.

HANGING VALLEYS

A typical example of a hanging valley is that of
Yosemite Creek (pl. 9, B), the largest upland valley on
the north side. Extending with moderate gradient to
the brink, it is there cut off sharply at a height of 2,565
feet above the floor of the main chasm. From its lip
pour the Yosemite Falls, the most famous of the water-
falls of the Yosemite region. The valley is about 10
miles long and traverses the entire breadth of the
northern upland; one of its branches, in fact, heads .
close to the brink of the Grand Canyon of the Tuol-
umne. Much shorter is the hanging vale of Ribbon
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Creek, west of Yosemite Creek. (See pl. 7.) This
vale is cut off at a height of 3,050 feet, and from its lip
descends the Ribbon Fall, the highest of the Yosemite’s
waterfalls. On the south side, a little farther west, is
the upland vale of Meadow Brook, which hangs at a
height of 2,585 feet; and several miles to the east is
the somewhat longer valley of Sentinel Creek, which
is the highest of all, opening 3,340 feet above the
Yosemite floor.

The hanging valley of Bridalveil Creek, which
drains the major part of the southern upland, does not
terminate abruptly at the brink but opens into a steep
V-shaped gulch that projects, flanked by rocky spurs,
a mile and a half into the Yosemite Valley. (See pl. 3.)
Down through this gulch, as through an immense
smooth chute, the stream glides with amazing speed,
finally leaping over the 600-foot precipice at the bottom
in the Bridalveil Fall. Even the upland valley is not
typical throughout—broad and gently sloping in its
middle course, it contracts, about 2 miles from the
brink, to a rock-walled gorge having a somewhat
steeper gradient. Bridalveil Creek, accordingly, may
be said to traverse first a normal upland valley, next a
somewhat steeper gorge, and then a precipitous chute,
before it makes its final leap.

The hanging valleys of Indian Creek and its East
Fork, which are east of Yosemite Creek, differ from
any of the valleys above described in that their mouths
are deeply gashed by V-shaped gulches. Through
these gulches the streamlets cascade without making
any waterfalls of note, joining each other midway in
their descent. The gulch of the main stream is fully
a mile long and is known as Indian Canyon because,
being unobstructed by cliffs, it served the Yosemite
Indians, before the white man built his trails, as a route
of egress from the valley.

Ililouette Valley (ill-i-lou-ette”) is cut tomuch greater
depth below the general level of the Yosemite upiand
than most of the preceding valleys, yet it also is a true
hanging valley, for it terminates abruptly at a height
of 1,850 feet above the Yosemite floor. Its relatively
great depth—nearly 2,000 feet—can hardly be ac-
counted for by the volume of Illilouette Creek. That
stream, it is true, is the largest of the Merced’s tribu-
taries in the Yosemite region and drains the most
extensive territory of them all; but the depth of the
valley nevertheless seems out of proportion to the size
of the stream. The same impression is created by the
hanging valleys of Tamarack and Grouse Creeks, in
the lower part of the Yosemite region, which likewise
are intermediate in height between the true upland
valleys and the main chasm, yet which contain rela-
tively small streams.

If the lIllilouette Valley thus seems anomalously
deep, Tenaya Canyon seems vastly more so, for it is
cut down within 100 feet of the level of the Yosemite
Valley and is next to that valley the greatest chasm in

the Yosemite region, yet it is traversed by a streamlet
comparable in volume to Yosemite Creek. (See pl.
8, A.) Moreover, its floor lies fully 2,000 feet below
that of the Little Yosemite, which is the pathway of
the Merced River. However, the Little Yosemite itself
seems anomalous because of its lack of depth, consider-
ing that it forms part of the canyon of the master
stream. It is cut off abruptly at a height of 2,000 feet
above the main Yosemite and has the aspect of a hang-
ing valley. From its mouth the Merced descends by
successive leaps, forming the Nevada and Vernal Falls
and a chain of turbulent cascades. (See pl. 10.) It
will be readily understood, then, why Tenaya Canyon
rather than the Little Yosemite has been by some
observers regarded as the real upward continuation of
the Yosemite Valley. The paradoxical relations be-
tween these two chasms constitute one of the most
puzzling features of the Yosemite region.

Both Tenaya Canyon and the Little Yosemite have
hanging side valleys of the true upland type. The
largest, on the north side of Tenaya Canyon, is the
valley of Snow Creek, which heads on the south slope
of Mount Hoffmann. It terminates at a height of 2,500
feet above the canyon floor. On the south side of the
Little Yosemite is the broadly open upland vale in
which lie the Starr King Meadows. The streamlet that
issues from those meadows makes a precipitous descent
of 1,700 feet.

STAIRLIKE STEPS IN CANYON FLOORS

The successive falls which the Merced River makes
in its descent from the Little Yosemite leap from the
steps of what may be characterized as a giant stair-
way hewn in granite. From &Glacier Point, the far-
famed scenic viewpoint on the south side of the
Yosemite Valley, this natural stairway may be beheld
in its entirety, and an excellent conception may be
gained of the clean-cut forms of its steps and of the
nature of the canyon in which it is cut. (See pl. 10.)
The uppermost step, from which the Nevada Fall drops,
is 600 feet high; the next lower step, which gives rise
to the relatively insignificant Diamond Cascade, is
about 50 feet high; the lowermost step, from which
the Vernal Fall drops, is more than 300 feet high. The
total descent is 1,200 feet in a distance of slichtly more
than half a mile.

Viewed from the tourist trail that leads directly up
over the giant stairway to the Little Yosemite, the
steps are seen to have well-defined edges, sheer fronts,
or risers, and approximately level treads. (See pls. 24
and 25.) The lowermost step is the most perfectly
modeled; its edge is neatly squared, and its front is
essentially vertical and straight. The tread, however,
is hollowed out, like a wooden stair tread that has
suffered many years of wear. In the shallow basin lies
picturesque Emerald Pool. All the steps, moreover,

. are much broader than the stream bed. They are can-
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yon steps, not channel steps. The river, in fact, occu-
pies but a small part of their width. In the distant
view from Glacier Point it has the appearance of a mere
trickle finding its way down a rugged pathway that is
much too broad for its small volume. There is, never-
theless, a marked narrowing of the canyon at the edge
of each step, followed by a widening on the tread below.
At the Vernal Fall the constriction is produced mainly
by a low spur on the south side of the canyon—the
spur over which the horse trail leads in laborious zig-
zags. At the Nevada Fall the constriction is due to
two great bosses of granite, Liberty Cap and Mount
Broderick (pls. 10 and 44, B), which project from the
north side. Immediately behind these obstructing
masses the walls again flare out abruptly to the full
width of the Little Yosemite.

Stairlike steps of this type accompanied by portal-
like constrictions are present also in Tenaya Canyon.
There is a long series of them, extending over a dis-
tance of 7 miles and making a total rise of 4,000 feet;
but, with one exception, these steps are not so perfectly
modeled nor are the portals so accentuated as those of
the giant stairway below the Little Yosemite. Tenaya
Canyon opens scarcely a hundred feet above the Yosem-
ite Valley and is almost level-floored for a distance of
a mile and a half. Then it rises steeply about 500 feet,
but so narrow and gorgelike is its bottom here that the
effect of a step is almost lost. Yet above the rise is a
relatively level, broad-floored stretch nearly a mile in
length that is truly suggestive of a tread.

The second step is much better defined than the
first, its front rising abruptly in the form of a cross
cliff about 700 feet in height. Tenaya Creek, never-
theless, does not leap over this cliff but issues from a
narrow gorge which it has cut into the step. The
south half of the step, which is the better preserved of
the two, still has a smooth, tabular top and a definite,
sharp edge. The tread was originally 1% miles long,
but only its upper half remains untrenched.

The third and fourth steps are low and have short
treads, but the fifth step, which is at the head of Tenaya
Canyon, is remarkable both for its height and its long
tread. It is one of the best-developed canyon steps in
the Yosemite region. The front or riser is a sheer
clifft 600 feet in height that connects without break
with the canyon walls on each side. Down its marvel-
ously smooth face the waters of Tenaya Creek glide
rather than drop in the form of a continuous ribbon
cascade. Above this great cliff begins a relatively
shallow upper canyon carved throughout in bare
granite. Its floor extends with gentle gradient for the
distance of about a mile, then by a flight of minor
rock steps it rises to the level of what may be termed
the Tenaya Basin, whose central feature is Tenaya

Lake.

THE HIGH SIERRA
GENERAL CHARACTER

A glance, next, at the High Sierra, which lies imme-
diately above the Yosemite region. It contains the
sources of the Merced River, and from it in glacial
time advanced the powerful ice streams that converged
upon the Yosemite chasm. It therefore is and always
has been the place of origin of the agencies that have
played the leading parts in fashioning the chasm.
(See pl. 11, A.)

In several respects the High Sierra differs markedly
from the Yosemite region. Its sky line is formed not
by the timbered swells of a rolling upland but by
sharp-profiled mountain crests that rise, mostly bare,
high above the timber line. The Yosemite upland, it
is true, continues up into the High Sierra, but only in
the form of shoulders along the sides of the main
canyons. [t is an inconspicuous feature beneath the
majestic peaks.

The canyons in the High Sierra are less deeply cut
than those in the Yosemite region. They range from
less than 1,000 feet to a maximum of 2,000 feet in
depth below the flanking shoulders; measured with
reference to the higher peaks, however, they range from
3,000 to more than 4,000 feet in depth. Hanging val-
leys abound at the sides of the main canyons, but they
differ from the hanging valleys of the Yosemite region
in that they ascend steeply by successive stairlike
steps, and they head in amphitheaters sculptured
among the peaks. Lakelets of emerald and sapphire
hues lie on the steps, contrasting vividly with the
light buff tones of the surrounding granite. Snow
banks and snow fields fleck the mountain sides; a few
small glaciers gleam in the deeper hollows.

Besides being more rugged and having greater
variety of scenery, the High Sierra is distinguished
from the Yosemite region also by its vast expanses
of bare rock. Not only are the peaks bare because
of their great elevation, but the floors and sides of
the canyons and hanging valleys are mostly bare,
partly because the soil was scraped from them by
the ancient glaciers, partly because the granite over
large areas is sparsely fractured and affords but
scant roothold for vegetation. The High Sierra as
a whole, therefore, presents a singularly clean-swept
appearance that would border on the desolate, were
it not for groves of trees, bright-green meadows,
picturesque lakelets, and dazzling snow fields.

The mountain crests that traverse the High Sierra
above the Yosemite region divide it into two drain-
age basins, those of the Merced and Tuolumne Rivers.
(See pl. 2.) These crests have northwesterly trends,
parallel to that of the main Sierra crest. As a con-
sequence the master streams in the two basins flow
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northwestward, approximately at right angles to
the directions which they pursue farther down the
slope of the range.

The first mountain crest above the Yosemite
region is the boldly sculptured Clark Range, which
terminates in Mount Clark (11,506 feet), on the
south side of the Merced. (See pl. 11, B.) It sepa-
rates the Illilouette Basin and the upland south of
the Little Yosemite from the Merced Basin. About
8 miles farther northeast, between the Merced Basin
and the Tuolumne Basin, stands the still bolder
Cathedral Range, which extends from Mount Iyell
(13,090 feet), the highest summit in the central
part of the Sierra Nevada, northwestward to Cathe-
dral Peak (10,933 feet). (See pl. 12, A.) The
northeast wall of the Tuolumne Basin is formed by
the main crest of the Sierra Nevada, which is sur-
mounted by Mount Dana (13,050 feet) and a long
row of other peaks between 12,000 and 13,000 feet
in altitude that overlook Mono Lake and the deserts
at the east base of the range.

MERCED BASIN

The central feature of the Merced Basin is the
upper Merced Canyon, a trench about 2,000 feet in
depth and half a mile to a mile in width. Though
narrower and less deep, some parts of this canyon
resemble the Yosemite Valley in their style of model-
ing—indeed, the canyon may be said to contain a
succession of minor yosemites separated from one
another by more or less accentuated constrictions.
Those stretches which contain Merced Lake (pl. 12, B)
and Washburn Lake have especially pronounced
Yosemite characteristics: they are broadly U-shaped,
steep-sided troughs with smooth, parallel walls de-
void of spurs.

The Merced Canyon rises headward by succes-
sive steps, like the canyons in the Yosemite region.
. Most of the steps, it is true, are low and ill defined,
and as a consequence the river makes no leaping falls
but only cascades, yet the essentially stairwise mode
of ascent of the canyon is manifest from a longi-
tudinal profile such as that in Figure 22. Like the
Yosemite Valley the upper Merced Canyon has
fairly definite brinks. Its walls rise sheer to the
edges of shoulders that slope in general at moderate
angles up to the bases of the surrounding mountain
crests. These shoulders, which are the equivalent
of the Yosemite upland, extend, interrupted by
spurs and hanging valleys, to the very head of the
Merced Basin.

The hanging valleys on the side of the Clark Range
are the best developed. (Seepl. 13, B.) Most of them
terminate at heights of 500 to 700 feet above the floor
of the main canyon, but one, Clark Canyon, termi-

nates at a height of 2,500 feet. At the upper end of the |
basin several typical hanging valleys converge toward |
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the cliff-encircled canyon head, their waters pouring
down from all sides in falls and cascades. The stair-
wise-ascending rock floors of these hanging valleys are
largely bare and in many places gleam with glacier
polish. They are, indeed, the pathways of ancient
glaciers and were shaped by those glaciers rather than
by the present streams. The same is true of the broad
rock floor of the main canyon, which for long stretches,
especially below Merced Lake, is wholly bare and
highly polished.

The side valleys that head on the Cathedral Range
are longer and deeper than those on the Clark Range
and flanked by mountainous spurs. In spite of their
ruggedness, however, some of these high-level valleys
contain attractive stretches of meadowland. Two of
them, the valleys of the Maclure Fork and Echo Creek,
are so deeply cut at their mouths that they have lost
the aspect of true hanging valleys. Nearly all head
in amphitheaters deeply sculptured in the body of the
range, but two head in broad gaps or passes that
afford easy routes of communication across to the
Tuolumne Basin. The valley of the Cathedral Fork
of Echo Creek heads at the Cathedral Pass, and the
valley of the twin streams Emeric Creek and Fletcher
Creek heads at the Tuolumne Pass.

TENAYA BASIN

Forming part of the region tributary to the Merced
River, yet a unit distinct from what has been called
the Merced Basin, is the Tenaya Basin, which lies
above Tenaya Canyon and contains the headwaters of
Tenaya Creek. It is much smaller than the Merced
Basin, being only 5 miles long ard 4 miles broad, and
it does not head at the main crest of the Sierra Nevada,
yet it is an area of peculiar interest because it was
formerly the thoroughfare for large masses of glacier
ice that were diverted into it from the adjoining
Tuolumne Basin and went to fill Tenaya Canyon.

The Tenaya Basin lies wholly above 8,000 feet of
altitude—4,000 feet higher than the Yosemite Valley.
Tenaya Lake, which lies in its center, has an altitude of
8,141 feet. On the east the basin is walled in by the
sheer cliffs of Sunrise Mountain and Tenaya Peak: on
the west it is flanked by the less abrupt cliffs of Mount
Hoffmann and Tuolumne Peak. At its head the basin
is separated from the Tuolumne Basin by a relatively
low, inconspicuous divide.

The basin as a whole is a land of bare, glistening
granite. Only at the head of Tenaya Lake and for
some distance below it are there stretches of verdant
meadowland. All the low wavelike swells and ridges
as well as the intermediate troughs in its floor are
essentially devoid of soil and are made of smooth,
sparsely fractured rock on which the trees grow far
apart or are wanting altogether. What is more, the
rock floor as well as the surrounding cliffs retain in
many places the high polish that was imparted to them
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by the grinding glaciers. It was this fact that led the
Indians to call Tenaya Creek Py-we-ack (‘“‘the stream
of the glistening rocks’’).*

TUOLUMNE BASIN

What is commonly termed the Tuolumne Basin is
only a small part of the vast area of mountain country
drained by the Tuolumne River; it is, strictly, the
basin of the main branch of the river whose head-
waters are on Mount Lyell and Mount Dana. Its
natural lower limit is at Tuolumne Peak and the head
of the Tuolumne Canyon. Its central feature is the
Tuolumne Meadows (pl. 13, A), the largest of the
many subalpine gardens of the High Sierra, justly
famed as one of the most attractive parts of the Yosem-
ite National Park.

The basin, as thus defined, measures roughly 15
miles in length and 10 miles in greatest breadth and
has an area comparable to that of the Merced Basin.
It is, however, much less rugged, the broad meadows
that stretch for many miles along the river and its
two principal forks taking the place of a central rock-
floored canyon. Because it is less deeply trenched,
the Tuolumne Basin also is considerably higher than
the Merced Basin. Its central meadows have an
altitude of over 8,500 feet; they lie 1,500 feet above
Merced Lake and 4,500 feet above the Yosemite
Valley. Moreover, as the meadows extend with gentle
slopes all the way to the Tioga Pass and Mono Pass
on the crest of the Sierra Nevada, the Tuolumne Basin
affords a particularly easy route of travel across the
range. The Indians quickly perceived this fact and
laid their trail from Mono Lake to the Yosemite
region—the historic Mono Trail—through the length
of the basin. The Tioga Road, which was built in
1882-83 to a mining camp near the main crest of the
range, naturally was laid also through the Tuolumne
Basin, and since this road has been acquired by the
Government and improved for automobile traffic the
Tuolumne Meadows have become the great thorough-
fare for tourist travel between the Yosemite and Mono
Lake.

Although the Tuolumne Basin differs so markedly
in configuration from the Merced Basin, the two
basins nevertheless have several features in common.
The broad central valley of the Tuolumne, like the
upper Merced Canyon, is flanked by elevated benches
that are continuations of the Yosemite upland; and
most of the valleys on these benches are of the hanging
type, opening at heights of 500 to 1,200 feet above the
grassy floor. Nor do the spurs between these hanging
valleys project beyond the edges of the benches; they
belong wholly to the upper story of the landscape, the
broad valleys of the lower story being distinctly of the
smooth-sided trough type.

* Bunnell, L. H., Discovery of the Yosemite and the Indian war of 1851, 4th ed.,
p. 207, 1911,

The benches are best developed on the south side of
the basin, where they attain a breadth of several miles.
Especially is this true north and northeast of Tuolumne
Pass, where they form a fairly continuous, undulating
platform. This high-level surface rises gradually
eastward, from 9,200 feet at the base of Cathedral
Peak to 10,500 feet at the base of Mount Lyell, at the
same time changing in aspect from a densely wooded
to a desolate and barren country. (See pl. 41, A.)

Of peculiar interest to the sightseer as well as to the
geologist are the small glaciers and ice fields that cling
to the higher peaks about the Tuolumne Basin, for
they are representative, on a diminutive scale, of
the extensive ice masses that filled the basin during
the glacial epoch. These small ice bodies lie in well-
shaded amphitheaters or on slopes with northerly
exposure. The Dana Glacier (pl. 28, B) is ensconced
in a deep amphitheater north of the summit of Mount
Dana. A somewhat broader ice mass clings to the
slope north of Parker Pass. Largest and most promi-
nent in the landscape are the glaciers on Mount
Lyell and Mount Maclure. Each measures about
half a mile in length, and the Lyell Glacier (pl. 14)
is fully twice as broad. Situated close together, these
dazzling ice bodies combine to give this group of peaks
a truly alpine aspect, not excelled in beauty by any
other part of the High Sierra.

The scientists of the Geological Survey of California,
who first explored the range in the early sixties of the
last century, paid little attention to these ice bodies
and referred to them merely as snow fields. Never-
theless they are true glaciers, as was first pointed out
by Muir. They are composed of old, granular snow
ice and, though small, move slowly forward in the
manner characteristic of large glaciers and are rent
here and there by typical crevasses.

THE YOSEMITE VALLEY IN DETAIL

In the preliminary sketch on page 7 the Yosemite
was described as a broadly U-shaped chasm having
sheer, spurless walls and an almost level floor. In
detail, however, the valley is far from having the
geometric simplicity of form that might be suggested
by this characterization. Its sides are mnot strictly
parallel throughout, nor do they consist of monotonous
blank walls. They are diversified by a host of boldly
sculptured features and in addition are adorned by
waterfalls. The Yosemite, indeed, owes its unique
place among the valleys of the world to its wealth of
monumental rock masses and the splendor and variety
of its falling waters, as much as to its general”form.

PECULIAR MODELING OF VALLEY

The bird’s-eye view on Plate 15, which shows the
Yosemite Valley as it would look from an airplane,
reveals the fact that its sides, though remarkably sheer
in places, are at no point strictly vertical throughout
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their height. Almost everywhere the declivities are
broken by slopes or ledges, and as a consequence the
bases of the walls project considerably beyond the tops.
The topographic map (pl. 7) shows by actual measure-
ment that the horizontal distance from top to base of
the walls averages more than half a mile. Even at
those points where the cliffs are most sheer the hori-
zontal distance is considerably greater than a mere
“stone’s throw.” The cliffs below Glacier Point,
which are noted for their abruptness, rise 3,200 feet
in a distance of a quarter of a mile. El Capitan
(pl. 3), the boldest of all the rock masses that flank
the valley, rises 3,000 feet in a distance of 600 feet.
Because of this lack of real verticality of its sides the
Yosemite is less than half as wide at the bottom as
it is at the top; from brink to brink it measures 2 miles
across, but its floor, measured from cliff base to cliff
base, is less than a mile wide. In places the talus
slopes reduce it to less than half a mile.

The Yosemite Valley is divided by a marked con-
striction about a third of the way from its lower end,
between El Capitan and the great promontory of
which the Cathedral Rocks are the main summits.

(See pls. 3 and 15.) This is the imposing portal that |

never fails to impress the incoming traveler with the
stupendous scale on which the Yosemite is built. El
Capitan really juts out but little from the north wall,
but the Cathedral Rocks project fully a mile from the
south wall. The Yosemite Valley, accordingly, con-
sists of two broad chambers connected by a portal.
The lower and smaller chamber is the less impressive
of the two, being inclosed only in part by precipitous
cliffs, in part by long and rather monotonous slopes
of rock waste. These slopes nevertheless have a
redeeming quality that deserves to be acknowledged;
they have enabled man to build roads from the uplands
down to the valley floor—the Big Oak Flat Road on
the north side, the Wawona Road on the south side.
In no other part of the Yosemite would it have been
possible to construct roads making a descent of 2,000
or 3,000 feet without tunneling through the cliffs.

The lower end of the valley is in the main spoon-
shaped. It is closed off by a slope of solid rock about
800 feet in height which is cut only by the narrow,
steep-walled gorge through which the Merced River
leaves the valley. (See pl. 16, A.) This rock slope
leads up to high rock benches that extend along both
sides of the Merced Gorge for several miles.

The upper or main chamber of the Yosemite Valley
is 5% miles long and has a sinuous course. Its sides
are on the whole remarkably equidistant and, although
carved in a multitude of spectacular features, have the
appearance of being planed off parallel to each other.
The salients on one side, indeed, correspond roughly to
the embayments on the other side—a fact which doubt-
less strengthened Clarence King’s conviction that the
chasm is a rent in the earth whose sides had been torn

apart. There is nevertheless considerable variation
in width from point to point. Immediately above the
portal at El Capitan, which is about half a mile
wide, the width from cliff base to cliff base increases to
a maximum of more than 1 mile. Farther up it
contracts to 3,500 feet, then to 3,000 feet, and finally
it widens again to a full mile at the upper end of the
valley.

Most strangely modeled is the valley head. (See
pl. 16, B.) It is squared off, at right angles to the
sides, by a high, straigcht rock wall a mile in length.
At the north end of this wall is the broad U-shaped
mouth of Tenaya Canyon; at the south end opens the
narrow, tortuous gorge through which the Merced
River descends from the Little Yosemite. Except for
these two openings the head of the valley is bordered
by continuous, massive cliffs. These cliffs, moreover,
rise sheer almost directly from the valley floor, their
bases being masked only by small piles of débris.
As a result the valley head has a peculiar boxed-in
appearance which, it must be admitted, is more sug-
gestive of the subsidence of a block of the earth’s
crust, in the manner postulated by Whitney, than of the
erosive action of either streams or glaciers.

CLIFFS AND ROCK MONUMENTS

The Yosemite Valley owes its scenic character not
merely to its great depth and unusual form, but in
large measure to the distinetive sculpture of its walls.
The rock forms are astonishingly varied in design—
some massive, colossal, and simple in outline, others
frail and intricately chiseled; some conspicuous for
their boldness, others carved in bas-relief—and many
of them have arresting individuality. They are of
such singularly clean-cut, monumental character that
they impress themselves upon the memory of the
beholder at once and forever. Some have become
famed the world over.

El Capitan (see pls. 3 and 17) stands preeminent
among the massive, bulky forms. Its majestic cliff
rises from the valley with so simple a sweep of line
that its height is peculiarly difficult to evaluate at a
glance. The estimates of the first white men to camp
at the foot of El Capitan now seem ludicrous. As is
related by Bunnell * in his account of the discovery
of the Yosemite Valley by the Mariposa Battalion,
“one official estimated El Capitan at 400 feet; Captain
Boling at 800 feet. * * * My estimate was a
sheer perpendicularity of at least 1,500 feet.” Trigo-
nometric measurements made in connection with the
survey for the topographic map of the valley (pl. 7)
have determined the height of the cliff, from its toe
to the brow at the top, to be fully 3,000 feet. The
dome-shaped crown above the brow rises 500 feet
higher.

“ Bunnell, L. H., Discovery of the Yosemite and the Indian War of 1851, 4th ed.,
p. %4, 1011, "
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Opposite El Capitan is the ponderous group of the
Cathedral Rocks (pls. 3 and 18), which project more
than a mile out into the valley. The three summits,
carved from a single asymmetric ridge, loom one above
another in an ascending series. They stand 1,650,
2,590, and 2,680 feet, respectively, above the valley
floor. On the west side they slope evenly to the
V-shaped gulch through which the waters of Bridal-
veil Creek race down to the precipice of the Bridalveil
Fall. Parallel to them, on the opposite side of the
guleh, is a lesser ridge whose main summit is known
as the Leaning Tower (see pi. 15), because it actually
leans out over the 1,200-foot precipice beneath it.

In the embayment east of the Cathedral Rocks,
offering a striking contrast to those massive piles,
stand the two slender, tapering shafts of the Cathe-
dral Spires, the frailest of all the rock forms in the
valley. They rise to heights of 2,160 and 1,950 feet,
above its floor. Farther east are a multitude of
finely chiseled, hackly forms, followed by a series of
strongly asymmetric spurs, with smooth slopes on the
west side and vertical or overhanging cliffs on the
east side. The spur under Taft Point is a notable
example, but the asymmetric type of sculpture reaches
its finest development on the opposite side of the
valley, in the group of the Three Brothers (pl. 19, B),
whose gabled forms rise one above another, all pitch-
ing at the same angle.

Still farther up in the valley vertical and horizontal
lines of sculpture predominate. Sentinel Rock (pl. 19,
A) stands forth from the south wall like an obelisk
with sheer front and sharp, splintered top. The great
cliff over which the Upper Yosemite Fall leaps is
nearly vertical, and so is the rock wall to the west
of it, which dominates the zigzag trail to the top of
the fall. Below, on both sides of the recess in which
the Lower Yosemite Fall descends, are two horizontal
rock terraces with sheer fronts. Most impressive of
all for height and verticality is the famous cliff at
Glacier Point. It is a straight wall, a quarter of a
mile long and 1,000 feet high, that terminates the
promontory as abruptly as if it had been cut with a
cyclopean knife. That it is really vertical, and not
merely inclined at a high angle, as are the majority
of the cliffs that are popularly termed sheer or vertical,
is evident from the silhouette profile in Plate 20, B.
It is this absolute verticality of the rock face that
permits the “fire fall,” which customarily is produced
every night during the tourist season by pushing the
glowing embers of a bonfire from the edge of the plat-
form above, to descend through space untrammeled,
deploying gradually like a waterfall of the Yosemite
type.

At the extreme top of the precipice. which is 3,200
feet above the valley, there projects a large, rough
slab—the famous “overhanging rock of Glacier
Point.”  (See pl. 9, B.) A short distance to the west

of it is a second, smaller overhanging rock, known as
Photographer’s Rock, because it affords a convenient
base from which the venturesome ones on the main
overhang may be photographed. It is the Photog-
rapher’s Rock which appears in the silhouette profile
shown on Plate 20, B.

The most remarkable rock forms cluster about the
head of the Yosemite Valley. Directly opposite
Glacier Point are the Royal Arches (see pl. 21, B),
a series of immense natural arches carved in bas-
relief, one within another, in a slanting rock face
1,500 feet in height. Flanking them, as a corner post
at the mouth of Tenaya Canyon stands the Washing-
ton Column, a colossal upright pillar 1,700 feet in
height; and surmounting them is the North Dome
(see pls. 16, B, and 20, A), a smoothly rounded, helmet-
shaped mass of bare granite that rises to a height of
3,530 feet above the valley. A short distance to the
northeast is Basket Dome, a less symmetrical dome
of the same general type.

Dome-shaped features of bare granite abound in
the upper Yosemite region. Most readily accessible
to the sightseer is Sentinel Dome (pl. 21, A), which
stands on the upland, to the southwest of Glacier
Point. Highest of all, and least accessible, is Mount
Starr King (pl. 32, A), the beautifully symmetrical,
egg-shaped dome east of the Illilouette Valley. It
is surrounded by several less conspicuous domes
that seem almost insignificant in comparison with it,
though each of them is larger, actually, than Sentinel
Dome. To the general category of domes belong also
Mount Broderick and Liberty Cap (pl. 44), the two
bosses of granite that obstruct the mouth of the
Little Yosemite; the Cascade Cliffs (pl. 45, A), Bun-
nell Point (pl. 45, B), Moraine Dome (pl. 31, A4), and
Sugar Loaf (pl. 45, B), near the head of that valley; and
the rounded back of Mount Watkins (pl. 47, A),
which is really a second El Capitan that rises sheer
3,000 feet above Tenaya Canyon. ~

Most imposing and most strangely shaped is the
Half Dome (pls. 20, B, and 50), which stands at
the head of the Yosemite Valley, on the divide be-
tween Tenaya Canyon and the Little Yosemite.
Rounded on the south side and cut off sheer on the
north side, it has indeed the appearance of a great
dome which has been split in two and whose other
half has been destroyed. Measured from southwest
to northeast, parallel to its sheer front, it is nearly
a mile long; measured at right angles to the front it
is a quarter of a mile broad; from the base of the cliff
to the extreme summit it is 2,200 feet high. The base
of the cliff, however, is itself 2,570 feet above the level
of Mirror Lake, hence the total height of the dome
above Tenaya Canyon is 4,770 feet.

Only one eminence in the Yosemite region outtops
Half Dome—namely, the lofty ridge that culminates in
Clouds Rest. (See pl.40,B.) Itfaces Tenaya Canyon
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with a cliff front 2 miles long and almost a mile high—
one of the greatest continuous fronts of bare granite in
the Sierra Nevada. The rock face is not, however, as
sheer as that of El Capitan but slants at a consider-
able angle and is diversified by billowy salients and
smoothly concave hollows.

Every one of the rock forms enumerated is of a
highly distinctive character, wholly different from the
rank and file of rock features in canyons and mountain
valleys. Even in the other yosemites of the Sierra
Nevada, which are carved in granitic rocks of the same
general type, such exceptional forms occur as a rule
only isolated or in small groups. The Hetch Hetchy
has its Kolana, the Tehipite its towering dome, the
Kings River Canyon its Grand Sentinel and Sphinx,
but none can match the Yosemite’s wealth of sculpture.

WATERFALLS

Directly associated with the cliffs are the waterfalls
of the Yosemite region, and, like the cliffs, they are of
many different types. Outstanding among them are
those waterfalls that make free, untrammeled leaps of
great heicht. Most waterfalls elsewhere are broken in
their descent by projecting ledges. Such falls are
properly termed cascades; but the leaping falls of the
Yosemite region are ‘‘falls” in the truest sense.
They represent a relatively vare type, for clean-cut
rock walls of great height are rare in the paths of
streams.

Because of the small volume of the mountain streams
that form them, the waterfalls of the Yosemite region
are generally slender, resembling shimmering veils or
ribbons fluttering from the cliffs. Even the falls of
the Merced, though heavier, are not of the broad
cataract type, for in the Yosemite region, which is a
scant 20 miles from the crest of the Sierra Nevada,
the Merced is still no larger than what is ordinarily
termed a creek.

Among the most perfect examples of a free-leaping
waterfall is the Bridalveil (pls. 23, A, and 3), which
descends over a vertical precipice 620 feet in height.
Unlike most of the Yosemite’s great waterfalls,
however, the Bridalveil hangs low in the landscape.
It pours from the lip of a V-shaped gulch only 850
feet above the valley floor. In the spring and early
summer, when the snow on the upland is melting fast,
the Bridalveil Fall swells to the proportions of a massive
aerial torrent that strikes the rocks and pool at its
base with tremendous impact and sends great clouds
of spray, suffused by the afternoon sun with pris-
matic colors, far out through the surrounding grove of
trees. Most sightseers, however, know the Bridal-
veil only as it presents itself in midsummer, in that
filmy, veil-like form which suggests its name. The
prismatic colors persist, but only in a simple rainbow
arc. In the autumn, when the volume is still smaller,
it happens not infrequently that for a brief moment

the water, wholly divided into spray, is blown up and
back into the gulch whence it came by a strong puff
of the daily up-valley breeze. At night, on the other
hand, the fall is almost invariably accompanied by a
downward rush of chilled air from the gulch above
that violently sways the shrubs and trees about its
base. It was probably because of this phenomenon
that the Indians named the fall Po” ho-no, the ““fall of
the puffing winds.” *

Almost directly opposite the Bridalveil the slender
Ribbon Fall drops 1,612 feet from the brink of the
upland. It is the highest of all the waterfalls in the
valley but does not make a clear leap throughout,
being constrained in a narrow sheer-walled recess.
Ribbon Creek, which drains an area of only a few
square miles, often dries up in the autumn, but in the
early summer it attains sufficient volume to give its
fall great splendor. Clouds of spray then shoot out
with vigor from the base of the recess and swirl from
the opening at the top like steam from a geyser
hole.

Another fall of the slender ribbon type is the Silver
Strand, really the cascade of Meadow Brook, which
is situated in an angular recess between Old Inspira-
tion Point and Stanford Point, near the lower end of
the valley. It has a height of 1,170 feet but seldom
has volume enough to leap clear of the inclined cliff
face. By midsummer it usually dries up altogether.
Its foot is about 2,000 feet above the bottom of the
valley.

Of peculiar interest because its form is so clearly
determined by the structure of the cliffs is the long

chain of falls of Sentinel Creek, in the recess west of

Sentinel Rock. The upper falls, which have an aggre-
gate height of 1,500 feet, drop from successive rock
steps 50 to 200 feet in height. Below them the main
Sentinel Fall makes a clear leap over a sheer wall
500 feet in height.

Surpassing all the other falls in height and in
splendor are the Yosemite Falls. (See pls. 22 and
9, B.) Though produced by a mere tributary of the
Merced River, it seems fitting that they should bear
the name of the valley, for they are easily its most
spectacular scenic feature. Even more than El
Capitan and Half Dome they have given the Yosemite
its wide renown.

The Yosemite Falls are composed of a great upper
fall, a lesser lower fall, and an intermediate chain of
cascades. These have a combined height of 2,565
feet, or almost half a mile, and reach all the way from
the upland to the bottom of the valley. The upper
fall, which descends directly from the lip of the
hanging valley down the front of a sheer, straight
cliff, has a height of 1,430 feet. It is, so far as can be
ascertained at the time of writing, the highest free-
leaping waterfall in existence. It does not, however,

# Hutchings, J. M., In the heart of the Sierras, pp. 405406, 1886.
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A. CATHEDRAL PEAK

The remarkable natural edifice that stands at the northwest end of the Cathedral Range. In the foreground is Cathedral
ake, which occupies a basin excavated in the granite by the ancient glaciers.

B. MERCED LAKE

cier, is in process
At the head

The lake lies in a Y osemite-like stretch of the upper Merced Canyon. Its basin, hollowed from the granite by the ancient Merced Gla
of being filled with river-borne sand and gravel and will in time be replaced by a level floor analogous to that of the Yosemite Valley.

of the lake is the forested delta of the river.
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A. TUOLUMNE MEADOWS

These large meadows are the central feature of the upper Tuolumne Basin. In the background are, from left to right: Mount Dana, Mount
Gibbs, and Kuna Crest. Photograph by G. K. Gilbert.

B. HEAD OF UPPER MERCED BASIN, FROM SHOULDER NORTH OF WASHBURN LAKE

Below is the upper Merced Canyon, and beyond are some of the flanking rock benches and hanging valleys carved from prevailingly massive
granite. At the right are the peaks of the Clark Range, and to the left of them is the sharp crest which connects with Mount Lyell.
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MOUNT LYELL AND LYELL GLACIER

Mount Lyell stands at the head of the Merced and Tuolumne Rivers and is the culminating peak in the central part of the Sierra Nevada. The Lyell Glacier is the largest ice body in the Yosemite National Park.
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BIRD'S-EYE VIEW OF YOSEMITE VALLEY AND THE HIGH SIERRA
Drawn by C. A. Weckerly

RF, Ribbon Fall. ML, Mirror Lake. M, Mount Maclure. G, Glacier Point.
EC, El Capitan. ND, North Dome. L% Mount Lyell. SR, Sentinel Rock.
EP, Eagle Peak. BD, Basket Dome. F. Mount Florence. Th Taft Point.

YF, Top of Yosemite Falls. MW, Mount Watkins. BP, Bunnell Point. CS, Cathedral Spires.
YV, Yosemite village. Es Echo Peaks. CC, Cascade Cliffs. CR, Cathedral Rocks.
15 Indian Creek. Ci Clouds Rest. LY, Little Yosemite. BV, Bridalveil Fall.
R, Royal Arches. SM, Sunrise Mountain. LC, Liberty Cap. LT, Leaning Tower.
W,  Washington Column. Q. Quarter Domes. B. Mount Broderick. DP, Dewey Point.
TC, Tenaya Canyon. HD, Half Dome. SD, Seatinel Dome. MR, Merced River.
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A. LOWER END OF YOSEMITE VALLEY AND HEAD OF MERCED GORGE

This view from the Big Oak Flat Road shows the sloping barrier of massive granite that incloses the spoon-shaped end of the valley

£. HEAD OF YOSEMITE VALLEY, FROM COLUMBIA ROCK

In the center is the great head wall, surmounted by Half Dome. At the right is the promontory of Glacier Point, which conceals the upper
canyon of the Merced. At the left are North Dome, the Royal Arches, the Washington Column, and the mouth of Tenaya Canyon. Photo-

graph by J, T, Boysen,
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EL CAPITAN, FROM THE EAST

The 3,000-foot cliff is the highest in the Yosemite Valley and one of the highest in the world. The salient is composed throughout of unfractured, mas-
sive granite. The gray blotches on the wall at the right are due to masses of diorite that invaded the granite. A pine tree about 100 feet high
stands in the niche with overhanging roof a short distance above the bushy slope at the base. Photograph by J. K. Hillers.
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CATHEDRAL ROCKS AND CATHEDRAL SPIRES

among the frailest.  On the summits of lhuv(iul,l_u-dml Rocks lie

The Cathedral Rocks are among the most massive rock forms in the valley; the Cathedral Spires ¢
ed these rock masses. Photograph by J. K. Hillers.

glacial boulders which show that the ancient Yosemite Glacier once completely overwhel
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A. SENTINEL ROCK

The smooth, sheer front of this tall shaft is determined by nearly vertical joint
fractures. Photograph by F. C. Calkins.

B. THE THREE BROTHERS

This group is remarkable for its strongly asymmetric forms, which are due to the splitting of the rock along oblique master joints. Photo-
graph by F. C. Calkins.
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clear the entire height of 1,430 feet. The water
first cascades tumultuously about 70 feet through a
narrow chute worn in the rock face; then, bounding
out, it describes a parabolic curve through space,
clearing even the bulging lower part of the cliff,
which projects more than 100 feet beyond the top.
Perhaps a truer conception of the height of the fall
will be gained from the statement that it is about
nine times as high as the Niagara Falls. The Eiffel
Tower in Paris measures 987 feet, or only little over
two-thirds the height of the upper Yosemite Fall.
Because of the resistance offered by the air, the water
in the fall deploys gradually, as it descends, into a
broad curtain of lacelike spray. The more concen-
trated parts, however, shoot down in pointed arrowy
masses, resembling comets. The tremendous force

with which these water comets strike the slight pro-

jections in the cliff front and the rock basin at the foot
of the fall is evident from the deafening reports.
Involuntarily one looks for falling boulders in the water
curtain, but in vain. Incredible it seems that a trans-
parent fabric of mere spray, which at times is flung
to one side, or is even lifted bodily by eddying breezes,
should impinge so heavily. Muir?# once undertook
to pass between fall and cliff on the narrow ledge
that extends part way across the cliff front about 450
feet above the base—the Fern Ledge, he called it—
but he was well-nigh crushed when a mass of spray
swayed against the cliff, and he barely succeeded in
groping out alive.

At the foot of the Yosemite Fall the waters, scat-
tered over several acres, again collect in sheets and
rivulets that converge toward a half-bowl of pol-
ished granite; and thence the stream, remade, dashes
away through a narrow, winding gorge. After a
boisterous descent of 815 feet it reaches the edge of a
recess in the lowermost tier of cliffs and leaps down to
the floor of the valley, producing the lower Yosemite
Fall. (See pl. 23, C.) This fall, which is 320 feet
high, also makes a clear leap at times of high water.

Another leaping fall is the Illilouette, 370 feet in
height, which descends from the mouth of the hanging
valley of Illilouette Creek. Ensconced in a deep
gorge, it is visible from only a few directions and is
relatively little known, yet it is in point of volume the
largest fall made by any of the Merced’s tributaries.
In early summer it presents a peculiarly fascinating
spectacle, as viewed from the Glacier Point Trail,
because the water disappears thundering into a dark
abyss of seemingly measureless depth.

The list of falling waters in the Yosemite Valley would
scarcely be complete without mention of two minor
falls that have each a distinective character. The first
is the Staircase Falls, situated back of Camp Curry,
which tumbles, as the name implies, from successive
stairlike rock steps. The total height is 1,300 feet.

2 Muir, John, The Yosemite, pp. £0-42, 1912,

The other is the Royal Arch Cascade, which glides
rather than drops down the steeply inclined, smooth
cliff face west of the Royal Arches. (See pl.21, B.) It
is a continuous ribbon of rushing, foaming water 1,250
feet in height, the only representative in the valley of
a special type of cascade associated with smooth walls
of massive granite, of which there are many in the
upper Yosemite region and the adjoining parts of the
High Sierrs.

The Merced Gorge below the Yosemite Valley also
abounds in waterfalls. There is one at the mouth of
each hanging side valley. Largest are the Cascades
(pl. 23, B) at the elbow bend of the gorge, which are
formed by the joint waters of Cascade Creek and
Tamarack Creek. Unlike most of the major falls of
the Yosemite region they are cascades in the real sense,
irregularly broken in their descent. They have a
total height of about 500 feet.

No part of the Yosemite region is richer in spectacu-
lar falling waters than the short stretch of the Merced
Canyon that links the Little Yosemite with the main
valley. The river there makes a descent of 2,000 feet
in a distance of 1% miles. Throughout the lower half
of the canyon the river tumbles in foaming cascades
and rapids, but in the upper half it drops from the
steps of the giant stairway, producing the Vernal and
Nevada Falls. The Vernal Fall (pl. 24) has the form
of a broad water curtain 317 feet high that falls from
a straight, vertical cliff. It is distinguished from all
other falls in the Yosemite region by the partly trans-
lucent, soft green hue of undivided water that shines
through the foam at its surface. Iridescent clouds of
mist rise from the pool and the rocks at the foot of the
cliff and eddy about in the canyon, keeping the vege-
tation fresh and green. It was the suggestion of
spring in the scene that inspired Doctor Bunnell #
to name this fall the Vernal. Scarcely less appropriate,
however, was the Indian name Yan’o-pah (“cloud
of water”).

Between the Vernal and Nevada Falls the Merced
makes several minor falls and cascades. Only one
of these can be described here—the Silver Apron,
which ends at the Emerald Pool. In the Silver Apron
the water rushes with amazing speed down a gentle
incline of smooth granite end spreads, unrestrained,
into a broad, thin, sparkling sheet. One small ob-
struction occurs in the midst of the rock floor, and
there the swift waters, leaping up suddenly, form an
arched fountain of spray 3 to 5 feet high—a “water
wheel,” as it is locally termed. Sheet cascades of the
Silver Apron type are not uncommon in the High
Sierra. They are associated with the smooth floors
of massive granite that are characteristic features of
its glaciated canyons. The water wheel in the Silver
Apron is but a diminutive example of the much larger

¢ Bunnell, L. H., Discovery of the Yosemite and the Indian war of 1851, 4th ed.,
p. 209, 1911,
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fountains of this kind for which the Tuolumne River has
become especially famous.

The Nevada Fall (pl. 25) is nearly twice as high as
the Vernal—to be precise, it measures 594 feet—but
it is far less regular in form. At the top the water
issues in wild turmoil from a narrow, constraining
channel and fairly flings itself out in a confused mass
of downward-shooting rockets of spray. These, as
they strike the sloping lower part of the cliff, are
flattened out and reunited into a broad, resplendent
apron. The dazzling whiteness of the fall suggested
the name Nevada, which in Spanish means ‘“snowy.”
By the Indians it was called Yo-wiye (“‘twisted fall”’).

The Little Yosemite receives no tributary streams of
notable volume and consequently is graced by no
large waterfalls; but it does possess numerous ribbon
cascades similar to the Royal Arch Cascade. Most
of these flow only a short time in the early summer,
being fed by the snow on the forested uplands. They
resemble parallel ribbons of silver filigree. Those on
the Cascade Cliffs (pl. 45, A) are fully 1,500 feet in
height. As they dry up they leave dark bands or
stripes on the cliffs resembling somewhat the stains that
disfigure the fronts of city buildings. Their inky hue
is produced by minute purplish-black lichens that
maintain life on the sun-heated cliffs in spite of the
prolonged desiccation which they must endure every
year. Longest and most spectacular are the ribbon
cascades that glide down the stupendous cliff face of
Clouds Rest, on the south side of Tenaya Canyon.
They are fed by patches of snow that linger in the
shaded recesses until midsummer. They make de-
scents of 2,000 and even 3,000 feet.

On the north side of Tenaya Canyon, a mile above
Mirror Lake, are the falls and cascades by which Snow
Creek drops from its hanging valley. They have a
total height of about 2,000 feet, but, being deeply
ensconced in a gorge of their own cutting, they can not
be viewed in their entirety from any one point and are
little known to the public. Another waterfall that
deserves to be better known is the Tenaya Cascade,
which is situated at the head of Tenaya Canyon. It
glides down a steeply inclined, marvelously smooth
cliff of undivided granite and has a height of about 600
feet. It is strictly a ribbon cascade, but it is the most
voluminous and most impressive of its kind; indeed,
it is to be counted among the major waterfalls of the
Yosemite region.

COMPARISON WITH WATERFALLS IN OTHER FARTS OF
THE WORLD

Whether the Yosemite Valley possesses really the
highest waterfall in the world is a question of wide
interest, and a brief summary of waterfalls of notable
height in other regions will thus be appropriate. The
time has not yet come, however, when there can be
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absolute certainty as to which is the highest waterfall
in existence; for even to-day the more remote moun-
tain regions of the earth are not completely explored.
The following list includes all the high falls of which
definite information is at hand at the time of writing.
Mile-wide cataracts produced by rivers of large volume,
such as the Niagara, Victoria, or Iguazu, are omitted
as being in a separate class. Only free-leaping falls
are listed, cascades not being considered suitable for
comparison.

Among the waterfalls in the United States is, first,
the Tueeulala Fall, in the Hetch Hetchy Valley.
It is, when at its best, comparable to the upper Yosem-
ite Fall, but it has a total height estimated at about
1,000 feet and makes a clear leap of only 600 feet.
The Multnomah Falls, in the gorge of the Columbia
River, in Oregon, makes an essentially unbroken
descent of about 700 feet. The Snoqualmie Fall, in
the State of Washington, is comparable to the Vernal
Fall but about 49 feet lower. The lower Yellowstone
Fall measures 308 feet in height, or 9 feet less than the
Vernal.

The deep fiords of the Alaskan coast are rich in
falling waters, but most of these have the form of
cascades. Muir * believed that he saw in a bay of
the Endicott Arm of Stephens Pass, which he referred
to as Yosemite Bay, leaping falls of greater height than
those of the Yosemite Valley. The topographic maps
of the locality, however, give no hint of the presence
of cliffs “five or six thousand feet high,” and it seems
probable, therefore, that Muir overestimated the
height of the waterfalls, as well as of the cliffs.

Of the numerous waterfalls in British Columbia the
Takakkaw Falls, in the Yoho Valley, are the best
known. They make a total descent of 1,346 feet,
including a partly free leap of about 900 feet. In
the upper Yoho Valley are also the Twin Falls, said
to be about 600 feet high. Less well known is the
great leaping fall in the upper Bella Coola Valley,
which, so far as can be ascertained, is 800. possibly
1,000 feet high.

The numerous waterfalls in the Hawaiian Islands
consist mostly of broken cascades. However, the
Akaka Falls, above Honomu, on the island of Hawaii,
make a free leap of about 400 feet; and the Hiilawe
Falls, visible from Waipio Bay, leap fully 500 feet.

The Basaseachic Fall, in the Sierra Tarahumara, of

| Chihuahua, Mexico, makes a clear leap variously

estimated at 827 to 986 feet. In the brief spring
season this fall rivals the upper Yosemite in scenic
splendor.

The Tequendama Fall, on the Bogotd River,
Colombia, bears a resemblance to the Nevada Fall.
It exceeds that fall in volume but messures about
150 feet less in height.

% Young, S. H., Alaska days with John Muir, pp. 156-159, 1915,
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The Kaieteur Fall, on the Potaro River, British
Guiana, is a water curtain of the Vernal type about
740 feet in height. It is one of the highest falls pro-
duced by a river of considerable volume.

The most widely known fall of the slender Yosemite
type in Europe is the Staubbach, in the valley of
Lauterbrunnen, Switzerland. It is about 600 feet
high and is comparable to the Bridalveil in volume.

Among the numerous waterfalls that adorn the
steep-walled fiords of Norway are the celebrated
Voring Fos, which makes an almost unbroken descent
of 850 feet; the Valur Fos, a more irregularly shaped fall
1,150 feet high; and the Vettis Fos, which makes an
almost clear leap of 853 feet.

The falls of Gavarnie, situated in an alpine amphi-
theater of rare beauty on the French side of the
Pyrenees, are noted as the highest waterfalls in Europe.
They have a height of 1,385 feet—>55 feet less than the
upper Yosemite Fall—but, owing to the irregular
sculpture of the cliffs, they consist, even at times of
high water, mostly of broken, interlacing cascades.

The Kalambo River, which forms the boundary
between northern Rhodesia and Tanganyika Territory,
makes two falls, the upper of which is, so far as can be
ascertained, not less than 1,200 feet in height. The
volume is probably greater than that of the Merced
River.

The Sharavati River, in southern India, descends
from the Deccan Plateau by the Gersoppa Falls, which
are estimated to be about 830 feet high. Only one of
the four falls in the group, the Raja, makes an essen-
tially clear leap.

The Wooloomumbi Fall, on a branch of the Macleay
River, in New South Wales, Australia, is about 900
feet high. It not only leaps clear but shoots far out
from the cliff, owing to its momentum.

Into the waters of Milford Sound, New Zealand,
plunge the Stirling and Bowen Falls. The Stirling
makes a fairly regular leap of 504 feet; the Bowen
descends in the form of a parted curtain 550 feet in
height. Both have a volume comparable to that of
the Illilouette. Highest of the New Zealand falls, and
among the highest in the world, are the Sutherland
Falls, which drop into the canyon of the Arthur River
from a typical hanging valley. They consist of a
chain of three falls having a combined height of 1,904
feet. Their individual measurements are, beginning
with the uppermost, 815, 751, and 338 feet. Only the
lowermost makes a clear leap.

_ From this review it will be seen that the upper
Yosemite Fall leads all the other leaping falls thus far
known in height. The fact gains in significance when

it is considered that the upper Yosemite is but one of a |

chain of falls having a total height of 2,565 feet.
Few regions, besides the Yosemite, possess sheer
declivities of that magnitude.

SUMMARY

To sum up this description, the outstanding features
of the Yosemite Valley may be listed thus:

1. The spacious U form of the valley, which stands
in contrast to the prevailingly narrow V shape of the
Merced Canyon above and below the valley; its gener-
ally constant width, except for one constriction; and
its level floor, which is disproportionately broad for the
size of the Merced River.

2. The stepwise mode of ascent of the main branch
canyons, whichlis most accentuated in the giant stair-
way leading up to the Little Yosemite, less strikingly
so in Tenaya Canyon; and the association of a portal-
like constriction with each rise and a chamberlike
widening with each tread—a recurrence, in other
words of more or less typical yosemites at different
levels, the Yosemite itself being the largest and
lowest of them all.

3. The great height at which the hanging valleys on
the flanking uplands terminate at the brinks; and the
consequent production of numerous waterfalls; also,
the notable lack of uniformity in the height of the hang-
ing valleys, some opening thousands of feet higher than
others.

4. The great depth of Tenaya Canyon, which, thougn
the pathway of a small tributary stream, opens essen-
tially at the level of the main chasm; and the relative
shallowness of the Little Yosemite, which, though the
pathway of the master stream, lies at a level 2,000 feet
above the main chasm.

5. The prevailingly massive, simple style of sculpture
of the walls; the astonishing diversity of rock forms;and
the presence of sheer, straight walls, and rounded
domes.

No explanation of the Yosemite’s mode of origin
would be complete that did not satisfactorily account
for all the features enumerated and for the presence of
other Yosemite-like valleys in different parts of the
Sierra Nevada. The explanation that here follows is
in the form, primarily, of a historical account, begin-
ning with the earliest events connected with the origin
of the Yosemite as a valley in the Sierra region and
tracing its evolution step by step up to the present
time. The distinctive shape of the valley and the
remarkable sculpture of its walls will thus be seen to be
the outcome of a long train of events, a number of
processes having acted at different times, under widely
differing conditions, upon an assemblage of variously
structured rocks.

"~
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ANTIQUITY OF THE SIERRA NEVADA AND THE YOSEMITE
VALLEY

The story of the evolution of the Yosemite Valley
is so intimately interwoven with the history of the rise
of the Sierra Nevada that it can scarcely be told with-
out reference to that larger history. Indeed, every
stage in the development of the valley corresponds to
a definite epoch in the growth of the range and assumes
its real significance only when considered in the light of
that relationship. It is but logical, therefore, to begin
with a brief sketeh of the history of the Sierra Nevada.

At once arises the question of the length of time
involved. How far back does this history take us?
Mountains are by many people supposed to stand for-
ever, permanent and unchanging. ‘“As old as the
eternal hills”’ is a familiar phrase. Yet to those who
study the earth nothing is more evident than that
mountains have limited, measurable spans of life.
They come into being by upheaval and, through the
erosive action of streams, glaciers, and atmospheric
agencies, are worn down by degrees, sometimes to
mere hills or even to plains. The Sierra. Nevada
is decidedly a new range in the geologic sense, a still
youthful feature of the continent. Its youth is mani-

fest from the fact that it has not yet lost significantly |

in height by erosion. Though deeply furrowed by
canyons, it still ranks with the highest ranges in this
country and bears summits that retain in part the
subdued outlines which they had acquired prior to
their elevation.
its present height and form about a million years—an

astounding stretch of time compared with the few |

thousand years of recorded human history, yet very
brief compared with the total length of geologic his-
tory, which runs into billions of years. Viewed in its
proper historic perspective the Sierra Nevada is but
the latest of several successive mountain ranges, or
mountain systems, that have in turn occupied the
same place. Each of these ancestral mountain sys-

tems must have been in existence a very long time, for |

each was reduced to ridges and hills of only moderate
height, in part to an undulating lowland. The time
required for their demolition was doubtless between
50,000,000 and 100,000,000 years for each system.

The major facts as to the character, structure, and
history of at least two of these ancestral mountain
systems are indicated by certain rock formations that
are the roots, so to speak, of those earlier mountains,
incorporated in the present range. And the approxi-
mate time of creation of each of these earlier mountain
systems is indicated by the fossil remains that are pre-
served in their rocks, each geologic epoch being known
by its characteristic life forms.

In the table of geologic time divisions on page 23
the outstanding events in the geologic history of the

The Sierra Nevada has stood with |
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Sierra region are set forth in chronologic order, each
referred to its proper era, period, and epoch as definitely
as the knowledge at hand permits. The figures for the
duration of the successive time divisions are taken from
the table which the late Professor Barrell® compiled
from calculations of the age of uranium minerals from
different parts of the world. The age of these minerals
is computed from the ratio of lead to uranium present
in them, the rate at which uranium breaks down and
is reduced to lead by atomic disintegration being accu-
rately known. The figures given are really the means
of the maxima and minima of Professor Barrell’s table,
these means agreeing closely with the results obtained
from the more refined calculations made by Holmes
and Lawson.” These measures of geologic time are
much greater than those that have been current among
scientists in the past, but they doubtless afford much
closer approximations to the truth than the shorter
measures, for they are of an order of magnitude that is
consistent with many geologic facts, notably with the
extremely slow rate at which mountains are worn down.

It will be seen from the table that the first of the two
ancestral mountain systems of which the roots are still
recognizable came into being in the Permian epoch,near
the end of the Paleozoic era, more than 200,000,000
years ago. It was formed by the uplifting and folding
of a great series of layers of slate, shale, and sand-
stone—originally mud, silt, and sand derived from a
land mass lying mostly to the west of the present hor-
der of the continent and laid down in an arm of the
Pacific Ocean. Folded in with these sediments, which

. aggregated thousands of feet in thickness, were beds of

lime (calcium carbonate) deposited presumably in
shallow water at times when the land was low and
the streams brought down but little sand or mud.

In the long stretches of time that ensued the wrinkles
in the earth’s crust thus produced were in large part
worn away, and finally the region again sank below the
level of the sea and became a place of deposition.
For millions of years new layers of mud, silt, and sand,
together with beds of volcanic material, accumulated
upon the submerged remnants of the first mountain
system, and then, at the end of the Jurassic period,
about 130,000,000 years ago, there came another up-
heaval, the new strata were folded and crumpled and
were invaded by molten granite from below, and there
arose a second system of mountain ranges that occu-
pied most of eastern California and large areas in
adjoining States. Throughout the Cretaceous period,
which followed upon the Jurassic, this second mountain.
system was being gradually worn down, until by the
beginning of the Tertiary period only ridges of moder-
ate height were left.

“ Barrell, Joseph, Rhythms and the measurements of geologic time: Geol. Soc.
America Bull., vol. 28, pp. 884-885, 1917.

 Holmes, Arthur, and Lawson, R. W., Factors involved in the calculation of
the ages of radioactive minerals: Am. Jour. Sci., 5th ser., vol. 13, p. 342, 1927,
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Sequence of mountain-building events in Sierra region

[Read from bottom up]

23

Era

Period

Epoch

Nature of events

Duration in years

Cenozoic

Quaternary.

Recent.

Postglacial time. Return to normal climatic conditions.

20, 000

Pleistocene.

Tertiary.

Pliocene.

Miocene.

Oligocene.

Eocene.

Mesozoic

Cretaceous.

Jurassic.

The great ice age. The higher parts of the range are repeatedly
mantled by glaciers.

Reneweq vigorous tilting, accompanied by strong faulting movements
along its eastern margin, cause the Sierra Nevada to stand forth
as a lofty block range with steep eastern front.

Period of relative stability. Occasional minor erustal movements
and voleanic outbreaks.

The region is tilted to the west and assumes mountainous height at its
eastern margin.

Volcanic eruptions begin anew, and the northern half of the region is
covered by successive flows of andesitic lava and mud.

Prolonged interval marked by minor warpings of the earth’s crust, up
and down. The land is subject to continued erosion and the
rhyolitic materials are mostly worn away.

The region, together with the country to the east of it, is slowly up-
warped to moderate heights. Volcanoes burst forth in the northern
pa}:t and cover the land repeatedly with rhyolitic lava, mud, and
ash.

The mountain ranges are worn down gradually and the region as a
whole is reduced to a lowland. The bulk of the sedimentary rock,
several thousand feet in thickness, is carried away by the streams,
and the granite is uncovered over large areas.

The new sediments, together with remnants of the old, are folded and
crumpled intc parallel, northwestward-trending mountain ranges.
Molten granite invades the folds from below.

More sediments are laid down as the sea bottom progressively sinks.

~ 1,000, 000

7,000, 000

12, 000, 000

16, 000, 000

23, 000, 000

75, 000, 000

40, 000, 000

Triassic.

The mountains are slowly worn down to hills. The land finally
sinks below the sea and new sediments are deposited.

40, 000, 000

Paleozoic

Carboniferous.

Permian.

The sediments are uplifted and folded into the form of mountain
ranges.

Pennsylvanian.

Mississippian.

Devonian.

Silurian.

Ordovician.

Cambrian.

Sediments, mainly outwash from the continent, accumulate to thick-
nesses of thousands of feet on the floor of the. Pacific Ocean.

415, 000, 000

Algonkian.

Archean.

Nothing definite known.

Proterozoie

The present Sierra Nevada was not formed until a
long time thereafter. It assumed its present height
and form about the dawn of the Quaternary period;
but throughout most of the Tertiary period, especially
in the later half, the region was the scene of repeated
disturbances and minor mountain-building move-
ments that finally led up to the culminating uplift.
Tt is with these preliminary happenings in the Tertiary
period, which may be traced back with some confidence

fully 20,000,000 years, that the history of the Sierra |

Nevada properly begins, for it was in consequence of | ingly these will first be explained.

|

those happenings that many features which are now
part and parcel of the physiognomy of the range were
developed—among others the Yosemite upland, the
parallel crests of the High Sierra, and the course of
the Merced River, including that part in which the
Yosemite Valley was finally elaborated.

It will be helpful to the reader pursuing this story
to have at the outset some insight into the structure
and géneral make-up of the Sierra Nevada, and accord- ;



THE SIERRA BLOCK

GENERAL CHARACTER AND OUTLINES

Most mountain ranges are carved from great
wrinkles or wavelike folds in the outer crust of the
earth, produced by the buckling of originally flat-
lying strata. Both of the ancient mountain systems
that formerly occupied the site of the Sierra Nevada
were of that folded type, but the present range consists
essentially of a single massive block of the earth’s
crust that has been dislocated and tilted toward the
southwest, apparently without suffering any appreci-
able bending or warping. (See fig. 1.) The Sierra
Nevada is therefore properly termed a ‘‘block range.”

Even to the first geologists who explored the Sierra
Nevada and the adjoining regions the real nature of
its structure was apparent from its very shape and
outlines. The long linear crest suggested the raised
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This great dislocation at the eastern base of the
Sierra Nevada is not to be regarded as an isolated
phenomenon. Most of the mountain ranges that
traverse the Great Basin, that semiarid province that
extends from the Sierra Nevada eastward to the
Wasatch Range, in Utah, are bounded by somewhat
similar dislocations. Instead of buckling and wrin-
kling, this province apparently was broken into huge
blocks, some of which now stand high in the form of
mountains, the others having sunk, relatively, so as
to form intermediate desert basins. The Sierra
Nevada, accordingly, is but one—the westernmost—
of a vast assemblage of more or less closely related
block ranges. It is, however, far and away the long-
est and highest of them all; it is one of the greatest
block ranges in the world.

It might be inferred from the perhaps too simple
diagram in Figure 1 that a single clean-cut master

Fi16UuRE 1.—Generalized diagram of part of tilted Sierra block. The great fault fractures that separate the Sierra
_block from the Owens Valley block, on the east, are shown by a singleline, and the relative directions in which
the two blocks have sheared past each other are indicated by arrows. The height and slant of the Sierra block are
much exaggerated. The streams are shown in their characteristic arrangement, the main rivers flowing down the west~
ern slope but many of their tributaries in directions approximately at right angles to them. No specific streams
are represented. In front is a strip of the Great Valley of California, whose thick layers of sand and silt, derived
from the elevated part of the Sierra block, bury the sunken part. At the back is a strip of Owens Valley, veneered

with a thinner layer of sediment

eastern edge of the block; the abrupt eastern escarp-
ment, the side of the block exposed to view by the
uptilting; and the gentle western slope, down which
the main rivers flow, the slanting upper surface. The
essential correctness of this early interpretation has
been abundantly confirmed by later observers, who
have collected considerable evidence, direct and
indirect, showing that great master fractures extend
along the eastern base of the range and around its
curving southern part, and that on these master
fractures the earth’s crust has been dislocated, the
Sierra block rising, and the block adjoining it on the
east sinking, relative to each other, in the manner
indicated by the arrows in Figure 1.

The shearing of two earth blocks one past the other
in this manner is termed ‘‘faulting,” and the fractures
at the eastern base of the range are therefore properly
speaking ‘‘faults.” - The magnitude of the displace-
ment—the ‘“‘throw’’—may be inferred from the great
height of the eastern escarpment: it reaches a maxi-
mum of not less than 8,000 feet in the vicinity of
Owens Lake. (See pl. 5, C.) :

fracture extends continuously all along the eastern
margin of the Sierra block, but that is far from being
true. Along the great escarpment that faces Owens
Valley, in the southern half, there may be actually a
single fault, or a set of closely spaced parallel faults,
but farther north the successive offsets in the front
of the range indicate the existence of discontinuous
northward-trending fractures that replace one another
at intervals, thereby splintering the northwestward-
trending margin of the block on a large scale. From
the neighborhood of Lake Tahoe, which itself lies
in a trough produced by the subsidence of a great
splinter, long lines of faulting diverge in northerly
directions, each marked by an escarpment of its
own. Northward the eastern margin of the Sierra
block becomes progressively more irregular, the
displacements being distributed over a belt that
broadens gradually to a maximum of 50 miles. Some
of the escarpments measure but a few hundred feet
in height, and the highest do not exceed 2,000 feet.

The causes of the uptilting of the Sierra block and
of the down faulting of the valley blocks adjoining
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it on the east—indeed, the causes of the comprehensive
upwarpings and complex faulting movements that
have affected the whole of the Great Basin—
are not yet fully understood. It seems probable,
however, that they were primarily deep seated and
only secondarily attributable to processes active at
the surface of the earth, such as the erosion of valleys
in some places and the deposition of the eroded mate-
rials in other places. The gradual lightening of moun-
tain areas by the removal of rock waste and the
concomitant loading of plains and ocean basins with
the rock waste have doubtless acted at times as
contributory causes, but such transfer of materials,
constituting relatively a mere film of slight density at
the surface of the globe, could scarcely have sufficed
to initiate the upbulging and fracturing into blocks
of a province comprising several hundred thousand
square miles. In any event, a block such as that of
which the Sierra Nevada is composed must have a
tremendous depth, and the main fractures that bound
it must reach far down into the earth, to depths where

The outstanding fact regarding this granitic batho-
lith is that it is now exposed at the surface of the block
over large areas, despite its deep-seated origin. One
treads on granitic rocks of one kind or another almost
everywhere in the Yosemite region and the adjoining
parts of the High Sierra. Most of the prominent
peaks, domes, and cliffs—indeed, nearly all the note-
worthy sculptural features of these regions—are
carved from such rocks. Yet it is clear from their
crystalline structure that these igneous materials did
not flow out upon the surface but cooled very slowly,
under the pressure of a confining crust or roof of other
rocks. The explanation is, of course, that they have
become uncovered—that they now appear at the sur-
face because the roof under which they crystallized
has been in large part removed. The slate, quartzite,
and limestone mentioned are, in fact, the materials of
which the ancient roof was made, as is manifest from
the position of the remnants of those formations on the
granite, and from the fact that the fissures and cracks
in them are deeply penetrated by the granite, which

F1GURE 2—Idealized cross section of Sierra block, showing the composition of its interior. The folded beds in the foothill belt (4-B), at
different points on the western slope of the range (C-C), and on its crest (D) are the remnants of a formerly continuous roof of mostly

sedimentary rocks, under which the granitic materials welled up in a molten state.

They are the roots, so to speak, of the mountain

systems that occupied the place of the present range in times long past

the materials have relatively great density and require
correspondingly powerful forces to displace them.

INTERNAL STRUCTURE

Of what manner of rock materials is this huge
earth block constituting the Sierra Nevada built
up? As will be apparent from the cross section in
Figure 2, the block is composed largely of granitic
rocks. Only on the lower part of its western slope
and in some places on its crest are there considerable
bodies of other rocks, such as slate, quartzite, lime-
stone, and lava.

The granitic rocks all are of igneous origin; they are
materials that have welled up from the depths of the
earth in a molten state and have crystallized as they
cooled. In the Sierra block there are present many
different types, each formed by a separate uprising of
molten material and each having a distinctive chemical
and mineral composition. Thus there are different
granites, monzonites, granodiorites, diorites, and
gabbros (see appendix), but in this preliminary
sketch those distinctions need not be considered, and
it will be convenient, though not wholly accurate, to
refer to all the granitic rocks collectively as granite.
Together they form a great complex mass—what is
termed a ‘“batholith” (a mass that stopped in its rise
at a considerable depth below the surface).

was formerly fluid. The old roof rocks were originally
thousands of feet thick, but in the course of ages,
through the continued attacks of atmospheric agents
and especially of surface streams, they have been
gradually worn away.

It is in the remnants of this ancient rock roof that are
to be recognized what have been termed the “roots”
of the earlier mountain systems. For that reason they
are here of more than passing interest. The largest
mass extends along the western foothills and the lower
slope of the range, as far up as El Portal, attaining there
a breadth of 30 miles. Across this belt the Merced
River has cut its canyon, thereby revealing to the
traveler following the Yosemite Railroad or the State
highway a section of its structure several thousand feet
in depth. The mass is seen to be composed almost
wholly of upturned beds of slate, quartzite, and marble,
inclined 80° or more toward the east (pl. 26, B) and
trending generally northwestward, roughly parallel to
the crest line of the range. The slate, quartzite, and
marble are really shale, sandstone, and limestone, or,
to go back to their ultimate origin, mud, sand, and
lime, that have been indurated and metamorphosed by
pressure and heat, as the beds were folded and squeezed
together and baked by the neighboring masses of
molten granite. Intercalated with them are ancient
lavas—surface flows of earlier geologic times—that
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have been metamorphosed out of all semblance to
their former selves. Cutting northwestward through
the belt of metamorphic rocks, finally, is a group of
gold-bearing quartz veins—the famous Mother Lode,
which was the lure of fortune hunters in the “days
of ’49.”

That these upturned beds of the lower Sierra slope
represent the remnants of a series of closely compressed
folds, or wrinkles, there can be not the slightest doubt,
although the precise number of folds is difficult to
determine, as the beds stand nearly parallel to one
another and show little curvature over considerable
distances; also because the slates, which predominate,
are much alike in appearance, and beds of striking
individuality, by the repetition of which one might
identify opposite sides of a fold, are scarce.

Strongly bent, folded, even closely crumpled strata
are not, however, wholly lacking in the Merced Can-
yon. A short distance above the mouth of Ned Gulch,
for instance, the river cuts across a series of thin beds
of chert (originally siliceous sea-bottom ooze) and shale,
alternating with each other, that are compressed into
astonishingly intricate, labyrinthine wrinkles. On the
scoured and polished rocks in the river bed these
wrinkles form prominent figures. (See pl. 26, C.)

In the granitic areas above the lower Sierra slope
small bodies and individual slabs of metamorphic rock
oceur isolated here and there. A few are to be seen in
the Yosemite region. For instance, on the slope east
of Sentinel Dome, at an altitude of about 7,650 feet, a
large slab of dark-gray schist (metamorphic shale) lies
embedded in the granodiorite. The trail that leads
from Glacier Point to the dome passes directly over it.
Again, at the side of the Glacier Point Short Trail, a
few hundred feet below Union Point, there are several
slabs of light-gray schist and quartzite, and a quarter
of a mile east of the main branch of Indian Creek, at
an altitude of 7,900 feet, there is a knob composed
entirely of rusty quartzite. On the north spur of
Mount Clark is a body of dark mica schist and yellow-
ish quartzite. The quartzite is of peculiar interest in
that it is exceptionally resistant to decay, so that
boulders of it, transported by ancient glaciers, still
remain here and there as surviving witnesses of early
glaciation, the other ice-borne débris that was associ-
ated with them having long since disintegrated and
disappeared. A boulder of this quartzite lies on the
summit of Liberty Cap.

Larger masses of metamorphic rocks, including white
marble, occur near May Lake, at the southeastern base
of Mount Hoffmann, and also in the rugged headwater
basin of Yosemite Creek on the north side of that peak.
The great depth below the neighboring granitic peaks
at which these remmnants of sedimentary rock occur is
truly astonishing, but it is to be borne in mind that the
ancient roof over the granite was strongly corrugated,
having deep downfolds as well as high upfolds. Be-

sides, its under surface must have been ragged in places,
for doubtless many masses of rock, large and small,
were torn loose from it and engulfed in the rising flood
of molten granitic ‘“magma,” and others were left
partly detached, or dangling, so to speak. Bodies of the
latter kind have been aptly termed “roof pendants.”
The enormous size of some of them is strikingly at-
tested by extensive and deep-lying masses of metamor-
phic rocks in different parts of the Sierra N evada.

A spectacular and convincing example of a roof
pendant that hung down to a great depth in the granitic
magma is visible in the eraggy spur that projects from
the steep west side of Tuolumne Peak. This spur
is composed of dark-hued sedimentary rocks, the con-
torted and broken strata of which dip steeply, imme-
diately contiguous to the granitic mass of the peak
itself. They reach down as far as they are in view,
a full 2,000 feet, and doubtless continue some dis-
tance farther down.

An attempt has been made in Figure 2 to represent
the roof pendants and other irregularities of the under
side of the roof that once extended over the granitic
rocks. Possibly their raggedness will seem exag-
gerated, yet the observed facts fully justify the repre-
sentation.

Next to the broad belt on the lower slope of the
Sierra Nevada, already described, the masses of
metamorphic rocks situated near the crest of the range
are the most extensive. They make up the bulk of
Mount Dana, Mount Gibbs, and Parker Peak, as
well as of that jumble of mountains north of Tioga
Pass, whose central summit is Mount Warren. These
mountains, in consequence of their composition, are
variously tinted in subdued yellows, browns, reds, and
purples and by contrast with the pale-gray peaks of
granite near by appear somber, as if overcast by
perpetual shadows. The metamorphic rocks in this
crest, region, however, differ appreciably in character
as well as in structure from those in the lower belt.
There is but little slate among them, schist, quartzite,
and volcanic rocks being predominant; and the
folding is less deep and less complex. These.facts are
readily observed on and about Mount Dana, which is
capped by gently flexed beds of volcanic origin.

The age of the metamorphic rocks of the Sierra
Nevada is not easily determined, owing to the dearth
of fossil remains in them. However, a few fossils have
been found in different parts of the range,notablyin the
limestone and sandstone of the lower belt, and from
these it has been established that the strata composing
that belt, though much alike in general aspect, fall
into two distinct series, one of which is vastly older
than the other. The older, known as the Calaveras
formation, is of Paleozoic (Carboniferous) age; the
younger, known as the Mariposa formation, is of
Mesozoic (Jurassic) age. The older rocks make up
approximately the eastern half of the belt, extending
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A. NORTH DOME, FROM MERCED RIVER NEAR HAPPY ISLES B. SILHOUETTE PROFILE OF CLIFF AT GLACIER POINT
This dome was repeatedly overridden by the glaciers, yet it does not differ materially in general form The man at the top stands on Photographers Rock, the smaller of the two overhanging slabs at the

from Sentinel Dome, which was not overridden. Photograph by F. C. Calkins. edge of the great precipice. In the background is Half Dome. Photograph by A. C. Pillsbury.
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TINEL DOME

A typical dome of massive granite that owes its rounded form wholly to exfoliation—the casting off of successive shells. It has not
been overridden by the glaciers of the ice age. Photograph by F. C. Calkins.
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B. THE ROYAL ARCHES AND THE WASHINGTON COLUMN SURMOUNTED BY NORTH DOME

The Royal Arches are sculptured in a slanting clifl face 1,500 feet high. North Dome rises 2,000 feet higher. The dark streak on the
cliff at the left indicates the path of the little Royal Arch Cascade.

PLATE
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THE YOSEMITE FALLS, FROM THE MERCED RIVER

The upper fall, 1,430 feet in height, is probably the highest leaping waterfall in the world. The lower fall, 320 feet in height, is twice as
high as the Niagara Falls. The total height of the two falls and the intermediate cascade is 2,565 feet. To the right of the upper
fall, partly detached from the cliff, is the pinnacle known as the Lost Arrow, about 1,500 feet in height. Photograph by A. C.
Pillsbury.
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A. BR]D AL \ I “ FALL. Typical of the free leaping waterfalls of the Yosemite Valley. The Bridalveil makes an unbroken descent of 620 feet over a vertical prec ipice
B. THE These irregularly Inmhlm;. and rebounding cascades, about 500 feet in height, stand in contrast to the leaping falls that prey in the Yosemite Valley. Photograph by A. C. Pillsbury.
Gl ()\\l R \ U\l MITE FALL. This fall, 320 feet in height, leaps over the side of a peculiar recess sharply incised into the cliffs and terminating in an alcove with overhanging roof.
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VERNAL FALL

The Merced River descends by the Vernal Fall, 317 feet in height, from the lowermost \‘Iv[lx of the giant stairway. The step is vertical and
is composed of unfractured, massive granite throughout. Photograph by A. C. Pillsbury.
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NEVADA FALL AND LIBERTY CAP

The Merced here descends from the up[ln'nnml \-ln-Y of the giant stairway by a fall 594 feet in height. Only the upper part of the fall leaps clear, the lower part gliding in the form of
a spreading apron down the steeply inclined base of the cliff. To the right of the Nevada Fall, and above it, are several typical ribbon cascades. To the left, at the foot of
Liberty Cap, is a gulch which the river carved in glacial time. Through it is laid the zigzag trail that leads to the Little Yosemite.
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along the Merced Canyon from El Portal down to
Bagby. The younger rocks make up most of the
western half, extending from Bagby down to the
foothills.

In the strongly deformed structure of these two
distinct series of strata there is thus clear evidence of
the former existence of two successive mountain
systems. The general character of those ancient
mountain systems, moreover, is indicated by the
forms, mode of arrangement, and trend of the folds.
Especially full are the data available concerning the
younger (Cretaceous) system. Indeed, the similarity
of its folded structure to that of the present Appalach-
ian mountain system in the eastern United States
enables the geologist to reconstruct its features with
considerable confidence. Doubtless it was composed,
like the Appalachian system, of long, roughly parallel
ridges, separated by equally long, roughly parallel val-
ley troughs. The trend was in general northwestward,
but it varied locally.

were broadly arched up to considerable height, so that
the axis of the mountain system, and presumably its
culminating heights and central divide, for a long time
were situated in that region. Thus even its drainage
system can be outlined in a general way. Although
the streams flowed for the most part northwestward or
southeastward, in the valley troughs between the
parallel ridges, some of them doubtless drained west-
ward, through gaps in the ridges, into the sea and others
drained eastward, into adjoining lower lands.

These details of a mountain system that has long
since vanished may possibly seem a needless digression,
but they will help the reader to understand the signifi-
canceof many topographicfeaturesof the present range;
for, in spite of the profound stripping which the Sierra
region has suffered since Jurassic time—a depth of
stripping estimated at not less than 5,000 feet—the
present range still possesses features that were inherited
from the ancient mountains just described, as will
become apparent in the following pages.

?;)Hf |

FIGURE 3.—Block diagram illustrating parallel mountain ranges carved from strongly folded strata. The
ancient mountain ranges that occupied the place of the Sierra Nevada during the Cretaceous period were of

this general type

As in the Appalachian Mountains, so probably also
in the Sierra of Cretaceous time, the individual ridges
were made up not of the rounded tops of entire upfolds
but mostly of the stumps of resistant upturned strata,
and the longitudinal valleys were etched out, so to
speak, in the intermediate weaker strata, in the manner
shown diagrammatically in Figure 3. The tops of the
upfolds, being from the start fractured by tensile
stresses and therefore particularly vulnerable to
erosion, doubtless were worn away at an early stage
during the slow, progressive upheaval.

From the steep inclination of the strata and the
tightly compressed character of the folds in the belt
‘traversed by the lower Merced Canyon, furthermore,
it is to be inferred that the ridges in that part of the
Cretaceous system were prevailingly linear, sharp
crested and closely spaced, whereas in the region of
gentle flexures near the summit of the present range
doubtless the ancient mountains were relatively full
bodied, round topped, and spaced far apart.

The almost complete removal of the metamorphic
rocks from the middle part of the Sierra slope, finally,
would seem to show that there the deformed strata

82564°—30——3

THE RISE OF THE SIERRA NEVADA

The history of the successive uplifts that gave the
Sierra block its present height and tilted attitude is
as yet imperfectly known. Only the major events
stand out clearly. The reason will be apparent when
the nature of the evidence is learned; it is mostly
indirect or circumstantial, and some of it must be
sought in places where the layman would hardly look
for indications of earth movements that happened in
remote ages. For these reasons it will be appropriate,
before beginning the story of the rise of the Sierra
Nevada, to give some idea of the sources from which it
is pieced together.

SOURCES OF INFORMATION

First there is the testimony of the successive beds
of rock waste that lie spread out at the western base
of the range. They consist mainly of gravel, sand,
and clay brought down by the Sierra rivers and
deposited in the shallow sea which throughout most of
Tertiary time occupied the basin of the Great Valley
of California. The varying degrees of coarseness or
fineness of these materials afford an index of the veloc-
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ity and transporting power of the rivers and therefore
also of the degree of steepness of the river beds at
different times. The layers of coarse gravel obviously
record epochs of uplift, when the rivers dashed swiftly
down steepened courses; the layers of finer gravel and
sand record epochs of prevailing stability of the land,
during which the streams flowed with gradually
slackening speed, as they cut their beds down to lower
and lower gradients; and the layers of silt and clay
record epochs when the rivers had resumed tranquil,
sluggish habits of flow on faint slopes, as a result
either of long-continued down cutting or of gradual
subsidence of the land. Moreover, the manner in
which these different layers overlap one another and
the rock body of the range and the occurrence of
remnants of layers high above the present foothills
tell clearly of former oscillations of the Sierra region
with respect to sea level. The geologic epochs when
these different oscillations took place are indicated by
the fossil shells and other remains contained in the
deposits.

Similar testimony is afforded by the layers of rock
waste that have accumulated in the basins east of the
Sierra Nevada and in the Mohave Desert, to the south.

Much has been learned also from the “fossil river
beds” that occur in the north half of the range—
river beds that were entombed by flows of lava and
that were partly brought to light again later when
newly formed rivers, accelerated by fresh uplifts,
trenched deep canyons. Some of these ancient river
beds are now situated on or near the divides between
the canyons, a thousand or even several thousand feet
above the present streams. From their sand and
gravel considerable gold has been extracted, but, what
to the geologist is more significant, petrified bones of
animals, fragments of wood, and even delicately
preserved imprints of leaves have occasionally been
dug out. From these fossils some conception may be
formed of the age of the stream beds.

Of particular interest are the fossil remains that have
been found at and near Table Mountain (the Table
Mountain of Tuolumne County), which stands about
40 miles northwest of the Yosemite Valley and which
has become famous through the writings of Bret Harte.
This long, flat-topped ridge, or really chain of ridges,
consists of the remnants of a flow of dark basaltic
lava that followed the course of an ancient valley all
the way from the summit of the Sierra Nevada to the
foothills. It represents the last notable volcanic flow
that occurred in the north-central part of the range.
Its prominence in the landscape to-day is due to the
fact that in the long time that has elapsed since the
lava was poured out the hills that flanked the path
of the flow have been eroded away over distances of
many miles, whereas the basalt, owing to its excep-
tional resistance to chemical decomposition as well
as to mechanical disruption, has remained standing

but little reduced in height. The fossil remains, which
consigt of casts of leaves and a tooth of an extinct
species of horse, date back, according to determina-
tions by Dr. Ralph W. Chaney and Dr. Chester
Stock, to the later part of the Miocene epoch and
thus tend to show that the upland on which Table
Mountain stands .is the remnant of a landscape of
late Miocene time. The Yosemite upland, which is
the correlative of the upland near Table Mountain, is
therefore presumably also a remnant of the late
Miocene landscape.

Other data concerning the successive uplifts have
been derived from a critical study of the canyons in
the south half of the Sierra Nevada, which were
obstructed only by minor volcanic outpourings and
therefore reveal clearly the effects of successive renew-
als of stream activity. The first studies of this kind
were made in the Kern River region by Prof. Andrew
C. Lawson® in 1903; but the more recent investiga-
tions in those parts of the range which are drained
by the Tuolumne, Merced, and San Joaquin Rivers
have furnished most of the data for the sequence of
Sierra uplifts here recorded. Other kinds of evidence
might be mentioned, but to present them all would
lead too far afield.

HISTORY OF UPLIFTS

The precise date in geologic history when the Sierra
block first became outlined by fault fractures is as yet
uncertain. Some geologists have placed it tentatively
as far back as the end.of the Cretaceous period, but
it seems more likely, in the light of recent studies of
the eastern front of the range, as well as of the fault
scarps of several ranges in the Great Basin, that the
faulting began later, presumably in the second half
of the Tertiary period. If that interpretation is
accepted, the earlier uplifts in the Sierra region are
to be conceived as having been mostly in the nature
of gradual upwarpings not attended by any breaking
of the earth’s crust.

The first upwarping that is definitely indicated in
the sedimentary record at the western base of the Sierra
Nevada took place early in the Eocene epoch—that is,
nearly 60,000,000 years ago.** It increased the height
of the land only moderately, not enough to make it
truly mountainous. Indeed, throughout the first
half of the Tertiary period the Sierra region apparently
remained a land of moderate altitude, little or no-
higher than the country adjoining it on the east.
It was, however, by no means a lowland or plain
throughout, for it was traversed by a number of
parallel northwestward-trending ridges—slowly van-
ishing remnants of the Cretaceous mountain system

2 Lawson, A. C., The geomorphogeny of the upper Kern Basin: California Univ.
Dept. Geology Bull,, vol. 3, pp. 201-376, 1904.

# This figure and those following are necessarily rough approximations, but they
are introduced in order to afford the reader some perspective of the time distances
in this history. All are taken from Barrell’s scale of geologic time.
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already described. Westward the region sloped down
to the sea, but the coast line did not remain fixed in
position; it advanced at times many miles to the west
of the present foot of the range, and at other times
receded to the east of it, as a result of alternating
heaving and sinking movements. Dense growths of
rain-loving vegetation of types similar to those which
now prevail in the southern Atlantic and Gulf States—
laurel, maple, poplar, elm, beech, and magnolia—
flourished in the mild, humid climate.

Toward the end of the Eocene epoch—about
40,000,000 years qago—there commenced a period of
intermittent volcanic outbreaks. A row of volcanoes
at the eastern border of the Sierra region sent forth
streams of white and pink rhyolitic lava and mud
that flowed down the wvalleys, burying the river
channels. The voleanic materials were gullied and in
part washed away by the streams, but fresh eruptions
undid this work. For a long period volcanism and
stream erosion continued to act in alternation. Mean-
while, by intermittent, probably gradual uplifts the
Sierra region was broadly raised and tilted to the
southwest. At the same time the country lying to
the east of it was warped and flexed; low ranges came
into existence, and between them were formed wide
basins in which the waters collected in shallow lakes.

The disturbances died out at last and were followed
by a long interval of relative quiet, during which
most of the rhyolite and much other rock waste was
strjipped from the Sierra region and deposited in the
sea on its western border and in the basins to the east
of it. Then, presumably in the second half of the
Miocene epoch—roughly, about 12,000,000 years
ago—volcanic activity and earth movements began
anew on a vast scale. This time the eruptions yielded
mostly andesitic lava of brown, reddish, and grayish
colors. Down the valleys these materials flowed,
sheet upon sheet, obliterating the stream beds and
campelling the waters to seek new paths. In the
north half of the range the outpourings were especially
frequent and voluminous; they piled up to thicknesses
of a thousand feet or more, overwhelming all the
features of the country save the higher peaks and
crests. In the southern parts of the range the volcanic
flows were less extensive and less thick; they filled
only the bottoms of certain valleys and caused no
notable displacements in the drainage system. Only
the drainage basin of the Merced, in the central part
of the range, remained free from volcanic outpourings.

The crustal movements of this epoch increased the
height of the Sierra region by several thousand feet
and gave it the aspect of a mountain range, or rather
a belt of mountains, that dominated all the country
roundabout. Mount Lyell probably attained an
altitude of about 7,000 feet. Strong faulting took
place along some parts of the eastern border, and the

great depression in which Lake Tahoe is situated was
formed by subsidence: the lava which dams the lake
itself was not poured out, apparently, until after the
depression was formed. The ranges and valleys of
the Great Basin region also were accentuated, in part
by warping, in part by faulting.

Next followed another lengthy interval of repose,
or relative repose, that lasted through the entire Plio-
cene epoch. Only feeble eruptions took place from
time to time, and meanwhile the waters in the lava-
covered parts of therange reorganized themselves
into new rivers and cut new canyons, some of which
attained depths of more than 1,000 feet. Vegetation
reestablished itself on the disintegrating voleanic
materials, but this time in the form of forests adapted
to a cooler and less equable climate. Sequoias, ances-
tors of the big trees of the present time, flourished
throughout the region.

And then, at the beginning of the Quaternary
period—about 1,000,000 years ago—commenced those
great upheavals and tilting movements that gave the
Sierra Nevada its present great altitude. The sum-
mit peaks were raised to almost double their pre-
vious height, Mount Lyell being lifted to more than
13,000 feet above sea level. At the same time fractur-
ing and faulting took place on an enormous scale.
Owens Valley and the other desert regions adjoining
the range on the east and south dropped back or else
suffered but slight uplifts as compared with the moun-
tain block, and so the Sierra Nevada came to stand out
in its present imposing form, with gentle westward
slope, sharply defined crest, and abrupt eastward-
facing escarpment. Strangely,the volcanic accompani-
ments of this great upheaval and inbreaking of the
earth’s crust were not extensive. Though molten
material forced its way up repeatedly through frac-
tures in or near the zone of faulting and also through
cracks in the Sierra block, the resulting volcanic cones
and lava flows were insigificant compared with those
of Tertiary time.

After the grand climax of mountain-building move-
ments that ushered in the Quaternary period, the
earth stresses abated in intensity. Upheaval and
downfaulting took place less frequently, and as a
result the Sierra Nevada has suffered no marked fur-
ther changes in height or in general form. Minor
movements, however, have continued to occur at
intervals into historically recent times.

The magnitude of the more recent movements on the
fault fractures is indicated by small escarpments that
cut across the débris slopes at the east base of the
range. Most of these scarps are only 10 to 50 feet in
height. Near Genoa, Nev., for instance, is a fault
scarp varying from 10 to 44 feet in height that extends
for several miles along the east base of the Carson
Range, that offshoot from the main Sierra block which
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forms the east wall of the Tahoe Basin.** The dislo-
cation there probably involved a sinking of Carson
Valley, for that valley is lowest next to the base of the
range and abuts almost directly upon it. Another
escarpment of recent orgin cuts across the glacial mo-
raines that project from the base of the range at the
mouth of Lundy Canyon,near the west border of Mono
Lake. The vertical displacement is at least 50 feet,
and its recency is attested by the fact that Mill Creek,
which issues from Lundy Canyon, still cascades
abruptly at the place where the fault crosses its bed,
the stream not yet having had time to smooth out the
step completely. Here too, apparently, the valley
block was depressed relative to the mountain block
and tilted toward it, for Mono Lake laps the immediate
base of the range, and its ancient shore lines, which
date back to the glacial epoch, decline gently toward
the southwest.

At least one notable dislocation has taken place at

the east base of the Sierra Nevada within historie
time. It gave rise to the famous Owens Valley earth-
quake of March 26, 1872, which destroyed the vil-
lage of Lone Pine and caused the death of many of
its inhabitants. The fault scarps produced by this
earth movement are still conspicuous and are easily
traced for distances of several miles, although they cut
for the most part only through unconsolidated débris
at the foot of the range. They vary from 8 to 25 feet
in height. A line of lesser scarps, facing westward,
was produced in the floor of the valley, roughly
parallel to the main scarps and about half a mile
distant from them. The intermediate strip of valley
floor was slightly depressed and locally warped, so that
a number of shallow ponds came into existence. The
tremors produced by this earth movement were so
strong that even in the Yosemite Valley, more than a
hundred miles away, great avalanches of rock frag-
ments fell from the cliffs and one noted pinnacle was
demolished, as has been graphically told by John Muir,
who was an eyewitness of the scene.*
! Since this great earthquake no further strong
tremors have been felt in the Sierra Nevada nor in
the lowlands immediately to the east of it. Evidently
earth movements are now infrequent in these areas—
certainly infrequent compared with those in the mobile
coastal belt—and it may be concluded, therefore, that
the Sierra block and its neighbors are in fairly stable
adjustment.

REARRANGEMENT OF DRAINAGE SYSTEM AND ORIGIN
OF THE MERCED RIVER

A direct consequence of the upwarping and tilting
of the Sierra region in early Tertiary time was the
rearrangement of its drainage system. Before the

% Lawson, A. C.,. The recent fault scarps at Genoa, Nev.: Seismol. Soc. America
Bull., vol. 2, pp. 193-200, 1912.
% Muir, John, The Yosemite, pp. 76-86, 1912.
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uplifts began, the master streams, with few exceptions,
flowed in northwesterly or southeasterly directions,
the trend of the valleys being determined in general
by the parallel ridges of the ancestral mountains of
Cretaceous time. But when the land acquired a
definite slant to the southwest, this old drainage
system was replaced by a new system whose master
streams flowed prevailingly in southwesterly directions.
The change doubtless took place very gradually and
must have required considerable time, for it was
effected mainly by the progressive headward growth
of certain streams that already floweg in southwesterly
directions and by their capture of other streams that
were less favored by the tilting. The mountain
ridges by that time, it may be presumed, were worn
down and breached in places and thus afforded gaps
through which transverse drainage could be estab-
lished. Even so, they interfered not a little with
the development of the southwesterly rivers, as is
evident from the strongly winding courses of those
streams.

The later tilting movements steepened the inclina-
tion of the land but did not appreciably alter its direc-
tion, and thus the system of southwestward-flowing
master streams was perpetuated. It does not follow,
however, that all the great rivers which now flow down
the western slope of the Sierra Nevada are identical
with the rivers which came into existence at that early
epoch, for lava flows have repeatedly filled and buried
the valleys, and the new streams that were formed
along the margins or on the irregular surface of the vol-
canic materials established their courses regardless of
the positions of their predecessors.

Such changes in drainage were most prevalent in the
northern half of the Sierra region. Even the Tuol-
umne River was affected by them. Remnants of old
gravel beds of that river, situated at different levels,
partly capped by lava, clearly show that its course has
been obliterated at least twice. The Merced, on the
other hand, appears not to have been obstructed or
displaced by lava flows at any time in its history. A
careful survey of its drainage basin reveals no traces of
volcanism, save two diminutive craters south and
southeast of Merced Pass, in the upper basin of the
South Fork. In this almost complete exemption from
volcanic outpourings the Merced drainage basin is
unique in the Sierra Nevada, and naturally, because of
the absence of such complicating circumstances, it has
had a relatively simple erosional history. In any event
there is little doubt that, save for local shiftings here
and there, the Merced has followed approximately the
same general course throughout its existence.

The history of some of its tributaries has probably
been less simple. Most of these streams flowed origi-
nally in northwesterly or southeasterly directions,
between the parallel ridges of the Cretaceous mountain
system. As long as these ridges, composed of resistant
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rocks, were prominent and continuous, doubtless the |

streams remained fixed in position; but when the
ridges were finally worn low and in places cut through,
a number of these streams were probably captured by
the headward-growing Merced and annexed to its ex-
panding drainagesystem. Hereand there the direction
of flow may have been reversed, a northwestward-
flowing stream being supplanted by a southeastward-
flowing stream, or vice versa, but the axesofthe valleys,
being controlled by the trend of the strata, remained
unchanged.

On the lower Sierra slope, which is carved wholly
from upturned strata, the original northwesterly
or southeasterly trends of the valleys have, indeed,
persisted down to the present time. There the resis-
tant strata still form the ridges, the intermediate belts
of weak strata are followed by the streams, and conse-
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1863 by Whitney and King and has since been verified
by every geologist who has had occasion to study the
range. The belief that still lingers in some quarters
that they have been excavated wholly, or largely, by
the glaciers of the ice age is untenable in face of the
facts that are now known. To be sure, the middle and
upper portions of the canyons bear unmistakable signs
of remodeling by the glaciers, but it is entirely clear that
they were already cut by the streams to depths of
1,500 to 2,000 feet before they were invaded by the ice.
Besides, it is certain that the lower courses of all the
Sierra canyons have remained wholly untouched by

. the ice and are products of stream cutting solely.

quently almost all of the Merced’s tributaries flow |
northwestward or southeastward, regardless of the |

general southwestward slope of therange. There, also,
the Merced deviates most widely from a direct south-
westerly course and swings in great loops to the north-
west and the southeast.

In the Yosemite region, where the folded sedi-
mentary rocks are now wholly stripped away and the
granite is exposed, the drainage pattern is naturally

more varied, and tributary streams join the Merced at |

different angles. But even there a number of streams
have northwesterly or southeasterly courses that are
probably an inheritance from the now vanished moun-
tain system of the Cretaceous period. Among these
streams are Ribbon Creek, Yosemite Creek, Indian
Creek, Illilouette Creek, Sentinel Creek, Bridalveil
Creek, and Meadow Brook.. Their peculiar arrange-
ment at right angles to the course of the Merced has
had a far-reaching influence on the ultimate modeling

of the Yosemite region, as will become clear further on. |

In the High Sierra, above the Yosemite region, the |

northwestward trend of the mountain crests—the
Clark Range, the Cathedral Range, Kuna Crest, and
the main divide—is also probably inherited from the
Cretaceous mountain system, although these crests are
composed largely of granitic rocks and are covered with
sedimentary rocks only in places. The northwesterly
courses of the Merced and Tuolumne Rivers there
betray the same guiding influence. The upper valleys
of those streams are therefore probably of great
antiquity. :

THE CUTTING OF THE MERCED CANYON
STREAM-CUT ORIGIN OF THE CANYON

Whatever doubt there may have been once as to the
stream-cut origin of the Merced Canyon and the other
great canyons that furrow the western slope of the
Sierra Nevada, surely there is none to-day. That
these canyons have been cut primarily by the streams
that flow through them was recognized as far back as

The Merced Canyon, for instance, appears never to
have been glaciated beyond a point just below El
Portal, which lies about 50 miles from the foothills.
The Tuolumne Canyon, similarly, appears to have
remained unglaciated for a distance of 30 miles up from
the foothills and the San Joaquin Canyon for a distance
of 45 miles.

A little reflection will show that canyon cutting by
the rivers must have been an inevitable consequence
of the uplifts of the Sierra region and the final tilting
of the Sierra block. Whenever through any cause the
slope of a stream is appreciably steepened, its flow will
be greatly accelerated and the wear on its bed corre-
spondingly intensified. Precisely this happened when-
ever the slopes of the Merced and the other Sierra
rivers were steepened by an uplift of the range. With
each renewed tilting these streams were accelerated,
and they vigorously attacked their beds, intrenching
themselves in narrow, steep-sided gorges that eventu-
ally became the profound canyons, thousands of feet in
depth, in which they flow at the present time.

EVIDENCES OF THREE STAGES OF CUTTING

In the unglaciated lower portions of the Sierra can-
yons there are many features that still indicate plainly
the successive stages in the cutting, and from these
indications it is possible with a fair degree of certainty
to build up the general history of the development of
the canyons. In the broad view of the lower Merced
Canyon that may be had from the summit of El Cap-
itan there appear, beginning at the sky line, long, fairly
even-topped ridges that advance from right and left
and that decline gently toward one another so as to
outline the broadly flaring profile of a very ancient and
rather shallow valley. (See pl.26, A.) There is now
but little left of that valley, for the ridges mentioned
are mere “skeleton ridges” separated by broad spaces,
and the level floor of the valley itself is entirely cut
away.

Next below this ancient valley appear the much bet-
ter preserved features of a somewhat nan'ower.a.?d
steeper-sided valley, evidently of less remote origin.
This valley was fully 1,500 feet deep, yet it also had a
broad and fairly level floor, as is shown by the numer-
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ous flats and gently undulating surfaces that still re-
main. The Big Meadow flat, which is a few miles
northeast of El Portal and is traversed by the Coulter-

like a mere slotlike winding trench, an obscure feature
in the landscape.

What is commonly and loosely termed the Merced
Canyon, then, consists really of a steep-

Caes fover A ;
“eooo’  walled inner gorge cut into the floor of a
spacious older valley, which in turn lies
L7000"  within a very broad valley of still greater
antiquity. The lower canyons of the
6000 Tyolumne and San Joaquin Rivers have
~ similar 3-story profiles; indeed, sculptural
13999 elements expressive of three stages of valley
, and canyon cutting may be discerned more
*9%% orless clearly in the unglaciated lower course
Elevabove of every great Sierra canyon whose develop-
~8000" ment has not been interfered with by vol-

canic flows. By the experienced eye they
may be recognized even in the glaciated up-
per courses of some of the canyons, for the
remodeling action of the ice has not every-
where been so thoroughgoing as to wipe out
of existence these preglacial features.

The story of the cutting of the Merced
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Canyon, as built up from these and other
data, may then be briefly told as follows:

Elev. above
sea leve!
~8,000"

THE STORY OF THE CUTTING

When the Merced first established its
course conformably to the southwestward
slant of the Sierra region, it fashioned for
itself a valley of moderate depth that sloped
seaward with gentle gradient. For a long

7,000’

-6,000"

5,000

+000’ period the general character of this valley

remained but little changed, though doubt-

e ni?‘é{e less the river deepened the valley whenever
(8°°°  the land rose and again built up its floor
sy with sediments whenever the land returned

¢ to lower levels. Meanwhile the flanking
| so00r hills were being worn lower at a very slow

rate. On the whole but little is known of
this long early chapter, which lasted, prob-
ably, through the first half of the Tertiary
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F1GURE 4.—Cross sections illustrating the successive stages in the cutting of the Merced Canyon.
They are drawn to scale and show the general proportions of that part of the canyon which
ultimately became the Yosemite Valley. A, The first or broad-valley stage, which dates back
presumably to late Miocene time, when the Sierra region was still relatively low; B, the inner
gorge cut by the Merced after the first strong tilting of the Sierra block; C, the second or moun-
tain-valley stage, which dates back presumably to the end of the Pliocene epoch; D, the third or
canyon stage, produced early in the Quaternary period by the rapid incision of the present

inner gorge in consequence of the last great Sierra uplift

ville road, is the principal remnant of this old valley
floor in the Yosemite region.

Sharply incised in the floor of this old valley is the
narrow V-shaped inner gorge through which the Merced
now flows. This gorge is 1,500 to 2,000 feet deep,
but is so narrow that in the distant perspective it seems

5,000’
,/ r
4,000

period, but it is clear that the outstanding
characteristics of the valley of the Merced
at that time were great breadth and shallow-
ness. Throughout its lower course, prob-
ably, the river meandered sluggishly over
a broad, level flood plain, and even in
its middle course, in which the Yosemite
was later developed, it swung leisurely
from side to side. The valley was flanked
by rolling hills and a few ridges of 'greater height,
but the headwater region was relatively rugged
and had mountains 1,000 to 3,000 feet high. This
first stage in the cutting of the Merced Canyon, ac-
cordingly, may be termed the broad-valley stage.
(See fig. 4, A.)
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The great uplifts that supervened toward the end of
the Miocene epoch naturally steepened considerably
the Merced’s gradient and quickened its flow. Forth-
with the stream abandoned its meandering habit
and began vigorously to deepen its valley. Indeed,
so rapidly did it erode its bed that in a relatively
short period it cut a narrow, steep-sided inner gorge.
(See fig. 4, B.)

Throughout most of the Pliocene epoch the river
continued to cut downward, though at an ever-
slackening rate, for as the gorge grew deeper the gra-
dient became flatter and the waters lost their swift-
ness and eroding power. Meanwhile the sides of the
gorge were being worn back to slopes of moderate
inclination, and thus at length the inner gorge devel-
oped into a V-shaped inner valley of considerable
depth and breadth. (See fig. 4, C.)

In the mostly thin-bedded and relatively unresistant
sedimentary rocks of the lower slope of the Sierra
Nevada the inner valley grew to be very broad—in
places so broad as to obscure the older valley in which
it was cut. But in the prevailingly massive and
exceedingly resistant granitic rocks of the Yosemite
region the inner valley remained relatively narrow and
steep-sided. It maintained the aspect of a rugged
mountain valley, and accordingly this second stage
in the cutting of the Merced Canyon, produced in the
Pliocene epoch, may be termed the mountain-valley
stage. (See fig. 4, C.)

Such was the state of things when, at the beginning
of the Quaternary period, came those stupendous dis-
locations and tilting movements that resulted in the
elevation of the Sierra Nevada to its present height.
The sources of the Merced on Mount Lyell were then
raised not less than 6,000 feet above their previous
altitude, the general slope of the river was greatly
steepened, and its waters were accelerated to torrential
speed. With more vigor than before they deepened
their bed, scouring it with sand and gravel, pounding it
with boulders, and plucking out slabs and blocks
wherever the fractured state of the rock permitted, and
so they again produced a steep-walled inner gorge.
(See fig. 4, D.) '

Throughout the Quaternary period, down to the
present day, the Merced has continued to deepen this
new gorge. So rapidly has the cutting proceeded that
in the vicinity of El Portal the gorge now attains a
depth of about 2,000 feet, or about twice the depth of
the Pliocene mountain valley, yet the time involved has
been probably less than a million years, or only one-
seventh of the duration of the Pliocene epoch. That
the cutting is still in progress is shown by the fact that
even in its lower course, where it traverses the rela-
tively unresistant sedimentary rocks, the river still
flows in a rock channel and makes cascades and rapids
over the more obdurate ledges.

It is the combined depth of the Quaternary gorge and
of the Pliocene and Miocene valleys above it that
gives the great trench worn by the Merced its present
canyonlike character. It seems appropriate, accord-
ingly, to refer to this last stage in the cutting of the
Merced Canyon as the canyon stage.

EXPLANATION OF HANGING VALLEYS

PREVIOUS HYPFOTHESES

Several widely different hypotheses have been
advanced in explanation of the hanging valleys of the
Yosemite region. Professor Whitney * supposed them
to have been left hanging by the sinking of the floor of
the main chasm, a great block of the earth’s erust under-
lying the floor and bounded by fault fractures having
dropped to a depth of several thousand feet owing to
disturbances in the interior of the earth. Clarence
King® assumed that the two sides of the Yosemite
chasm were torn asunder by some catastrophic earth
movement, the bottom of the abyss thus formed having
been filled later with débris up to the level of its present
floor. Among those who believed the chasm to have
been hewn to its present depth mainly by the glaciers
of the ice age, Henry Gannett * and Douglas W. John-
son ¥ regarded the hanging valleys as a characteristic
and necessary product of glacial action; the powerful
main glacier, in their opinion, having been able to
excavate its bed to much greater depth than the
relatively feeble branch glaciers had been able to
excavate theirs. Prof. Andrew C. Lawson,* the latest
scientist to offer an explanation, has suggested that
some of the hanging valleys might not have come into
existence until after the ice age, when the waters began
tochannel theglacially smoothed surface of theuplands.
These hanging valleys, according to his view, are shal-
low because they are of recent origin, the streams not
yet having had time to cut them to any great depth.

Whitney’s dropped-block hypothesis seemed to have
support in the fact that there are in and adjoining the
Sierra Nevada several well-authenticated examples
of deep basins produced by the subsidence of crustal
blocks. The best known is the basin that holds Lake
Tahoe. However, careful search has failed to dis-
close any proof that the Yosemite is an abyss produced
by subsidence: the great fault fractures which the
mechanics of such a dislocation demand have not been
discovered. It is true that such fractures would not
be traceable along the bases of the walls on both sides,

% Whitney, J. D., Geology of the Sierra Nevada: Geological Survey of California,
Geology, vol. 1, pp. 421-422, 1865; The Yosemite guidebook, pp. 84-87, 1870.

7 King, Clarence, Mountaineering in the Sierra Nevada, 4th ed., pp. 7, 134, 1874.

38 GGannett, Henry, The origin of the Yosemite Valley: Nat. Geog. Mag., vol. 12,
pp. 86-87, 1901. X

3 Johnson, D. W., The origin of the Yosemite Valley: Appalachia, vol. 12, pp.
138-146, 1910; Hanging valleys of the Yosemite: Am. Geog. Soc. Bull., vol. 43, pp.
1-25, 1911.

4 Lawson, A. O., Geology, in Handbook of Yosemite National Park, compiled by
Ansel F, Hall, pp. 117-120, 1921.
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on account of the great thicknesses of gravel and rock
waste that hide the rock floor of the chasm; but if
they did exist they would necessarily e‘:tend some
distance beyond the confines of the chasm and cut
through its walls. However, the walls reveal no such
fractures, although they are bare and afford the best
possible chances for the detection of structural fea-
tures of that sort.

The argument of the glacialists was undeniably a
strong one, for hanging side valleys are notably charac-
teristic features of profoundly ice-worn canyons in
many parts of the world. Nor can it be doubted that
a trunk glacier several thousand feet thick has inher-
ently much greater excavating power than a glacier
only a few hundred feet thick. Prolonged glaciation
is therefore almost certain to result in deepening the
main canyon below the levels of its tributary valleys,
so that those valleys will be left hanging.

The history of the Yosemite, however, is much more
complicated than the glacialists suspected, nor does
their theory account for all the facts that are now
known. It does not satisfactorily account for the
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val the Merced itself, with its superior volume, has
been able to deepen its channel but a few feet, in rock
very similar to that which prevails on the uplands.
All the facts ascertained by the recent investigations,
indeed, go to prove that the upland valleys of the
Yosemite region, instead of being among its youngest
features, are among its most ancient and date far back
into the Tertiary period.

HANGING SIDE VALLEYS OF LOWER MERCED CANYON

The key to the mystery is to be found in the lower
Merced Canyon, more especially in the part below
El Portal. This part of the canyon also has several
hanging side valleys, although it has never been
glaciated. Good examples are Saxon Gulch and the
valleys of Feliciana Creek and its branches. (See
pl. 2) To be sure, these are not hanging valleys of
the clean-cut type prevalent in the Yosemite region.
They do not end abruptly at the brink of the canyon,
nor do their waters pour from their lips in spectacu-
lar falls. Instead, their lips are cut by narrow gulches
through which the waters cascade steeply down to
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FiGure 5.—Longitudinal profile of Saxon Gulch, a hangmg side valley of the unglaciated Merced Canyon below El Portal.

The curve of the

profile, when extended forward to the axis of the canyon, indicates at A the approximate level at which the Merced flowed before it intrenched

itself—that is, prior to the last great uplift.

B marks the original mouth of the hanging valley.

C marks the point to which the hanging valley has

been trenched by a new gulch. This profile and those in Figures 6-12 and Plate 27 are drawn strictly to scale—that is, without vertical exaggeration

great disparities in height between the different hang-
ing valleys of the Yosemite region, nor does it explain
the presence of hanging valleys on the sides of the
lower Merced Canyon, which, it now appears, has
never been glaciated.

Professor Lawson’s surmise that some of the hang-
ing valleys of the Yosemite region may be products of
postglacial stream erosion, carved in the glacially
smoothed surface of the uplands, is, in the first place,
based on a misapprehension as to the magnitude of the
glaciers that have lain on the uplands and as to the
amount of erosional work they have performed, and,
in the second place, it fails to consider the brevity of
postglacial time and the exceptionally resistant nature
of the rocks of which the uplands are made. It is
now definitely known that the uplands have been
covered with ice only in part and nowhere to any great
depth, so that their original features could not possi-
bly have been smoothed away by glaciation. And
it is manifest that the little upland streams could not
have carved, in the few thousand years that have
elapsed since the departure of the glaciers, valleys
from several hundred to a thousand feet in depth,
especially when it is considered that in the same inter-

the river. Nevertheless, these valleys are properly
classed as hanging valleys, for their gently sloping
floors lie at considerable heights above the bottom
of the Merced Canyon, as will be evident from a glance
at Figures 5 and 6. Comparison with Figures 7,
8, 9, and 10, furthermore, will show that, except for
the gulches at their mouths, these valleys do not differ
materially from the best-developed hanging upland
valleys of the Yosemite region, and they are quite
comparable to notched hanging valleys such as those
of the two forks of Indian Creek.

That the Merced Canyon below El Portal has re-
mained in all probability unglaciated was pointed
out in 1911 by Prof. Douglas W. Johnson,* who based
his conclusions mainly on the general shape and charac-
ter of the inner gorge. That gorge is V-shaped in
cross section, no wider at the bottom than the channel
of the river, and it winds in strongly serpentine curves,
sharp spurs projecting into it from both sides. It
has thus all the marks of a stream-cut gorge and none
of the marks of a typical glacier channel, which is
generally U-shaped in cross section, broad-bottomed,

1 Johnson, D. W., Hanging valleys of the Yosemite: Am. Geog. Soc. Bull.,
vol. 43, pp. 1-25, 1911,
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and fairly smooth-sided. However, there is now more
direct proof at hand. The systematic search for glacial
deposits which was a part of the recent investigations
(see pp. 67-68) has shown that the moraines of the
Yosemite Glacier end in the vicinity of El Portal, and
hence it is reasonably certain that the glacier never
extended much beyond that point.

There being, then, no possibility that the side valleys
of the lower Merced Canyon were left hanging as a
result of glacial action, the question is, To what other
process can they owe their hanging character? The
most obvious explanation that suggests itself is that
when the Merced cut its inner gorge, upon acceleration
by the tilting of the Sierra block, its feeble side streams
were unable to keep up with it. They were handi-
capped not only by reason of their lesser volume but
also by reason of their northwesterly courses, arranged
at right angles to the direction of the Sierra slope. The
side streams thus remained unsteepened and their flow
unaccelerated.

Indirect proof of the soundness of this explanation
is to be found in the fact that those side streams
which did not labor under these handicaps have no
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rock beds have largely determined the positions and
trend of most of the valleys and ridges of the present
landscape; the valleys follow the belts of weaker rocks,
the ridges are composed of the more resistant rocks.
Valleys such as those of Feliciana Creek and Saxon
Gulch, therefore, are hanging not because of the re-
sistant nature but in spite of the unresistant nature
of their floors.

It may seem surprising, in view of this curious fact,
that these valleys should be hanging at all. It is to
be remembered, however, that only a relatively brief
time has elapsed since the last Sierra uplift took place
and the Merced began to cut its inner gorge. The
time has been too short to permit feeble streamlets
unaccelerated by tilting to do much cutting. The
headway they have made may be gaged by the length
of the gulches they have cut at the mouths of their
hanging valleys. The streamlet in Saxon Gulch,
which is among the smallest, has cut its guleh back
a distance of only half a mile; Feliciana Creek, which
is somewhat larger, has cut back a distance of 1% miles;
and Bear Creek, which is larger still, has destroyed
the greater part of its hanging valley.
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F1GURE 6.— Longitudinal profile of hanging valley of Feliciana Creek. Although this valle\ is trenched by a gulch for more than a mile up from its
mouth, its profile indicates for the Merced a former level that is closely accordant with that indicated by the profile of Saxon Gulch

hanging valleys. For instance, the stream in Ned
‘Gulch, which is of small volume but has a south-
westerly course, substantially in the direction of the
tilting, descends steeply all the way from its head to
the bottom of the canyon, and the South Fork of the
Merced, which runs northwestward for many miles
but which, next to the Merced, is the largest stream
of the region, has cut just as deeply as the master
stream. Probably neither of these side streams was
able at first to cut as fast as the master stream, but
evidently they were able to catch up with it later,
when the cutting power of the Merced had declined
awing to the reduction of its slope in its lower course.

It might be suggested, perhaps, that the hanging
valleys are held up by bodies of extremely resistant
rock that have retarded the cutting action of their
streams. But the reverse is actually true. These
valleys are underlain by relatively unresistant rocks.
As is explained on page 25 (see also fig. 2), the Merced
Canyon from El Portal to the foothills traverses a
broad belt of upturned, nearly vertical strata of
sedimentary rocks—the worn-down remnants of the
great rock folds that formed the northwestward-trend-
ing mountain ridges of Cretaceous time. The differ-
ences in resistance to stream wear of these upturned

The Merced Canyon, it should be added, is not the
only canyon in the Sierra Nevada that has hanging
side valleys in its unglaciated lower course. The
canyons of the Stanislaus and San Joaquin Rivers
notably have hanging side valleys down to points
within a few miles of the foothills. Almost every one
of these hanging side valleys has a northwesterly or
southeasterly course. Those of the lower Stanislaus,
being underlain by unresistant sedimentary rocks, are
in process of being trenched by headward-growing
gulches. (See topographic map of Copperopolis quad-
rangle.) Those of the lower San Joaquin, on the other
hand, being carved in prevailingly massive granite, are
as a rule well preserved. Their lips are but slightly
notched, and their waters still leap down abruptly
in spectacular cascades and falls. (See topographic
map of Kaiser quadrangle.)

CORRELATION WITH HANGING VALLEYS OF THE
YOSEMITE REGION

In Figure 5, if the curve of the longltudmal profile
of a hanging valley such as Saxon Gulch is prolonged
forward to the axis of the Merced Canyon, the destroyed
lower part of the valley may be “restored” with a fair
degree of accuracy, and the level at which its streamlet
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formerly joined the master stream may be determined.
The method assumes, of course, that there was original-
ly no break in the profile, but this assumption is entirely
justified, in view of the mature form of the valley and
the smoothly concave curve of its profile, as far as it
remains preserved. These two characteristics, which
all the hanging valleys here concerned have in common,
show that they were developed in a protracted epoch
of undisturbed stream erosion—a ‘‘cycle of erosion,”
as 1t is termed—during which the side streams evolved
smoothly graded courses down to the level of the master
stream.

Applying this method of restoration to each of the
hanging side valleys of the lower Merced Canyon
yields a series of points indicative of the former level
of the river. These points when plotted on the longi-
tudinal profile of the Merced Canyon, as in Plate 27, B,
are remarkably accordant. They lie on a smooth,
flat curve that extends nearly parallel to the present
profile of the river, though at a height of 1,400 to 1,500
feet above it. Doubtless this line represents the

profile of the Merced at the stage which immediately
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trial shows that many of them do give accordant
points.

The first hanging valley above El Portal is that of
Crane Creek. It forms part of the Big Meadow flat,
which evidently is closely related to the broad older
valley floor into which the inner gorge iscut. The flat,
it is true, was invaded by alobe of the Yosemite Glacier
that spilled over the Jow divide between the gorge and
the flat, but that circumstance does not introduce any
serious complication, for the lobe spread out with only
moderate thickness and had therefore but slight exca-
vating power. Besides, the flat is underlain by fairly
resistant granite; hence it was presumably but very
slightly deepened by theice. The profile of the hang-
ing valley, unfortunately, is rather short, owing to the
rapid gulch cutting done by Crane Creek in its lower
course, which is on the unresistant- rocks that mark the
zone of contactbetween thegranite and the sedimentary
rocks near El Portal. Nevertheless, the profile, when
carefully plotted, indicates a point on the mountain-
valley profile of the Merced that accords well with the
points already obtained. (See pl. 27, B.)
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Fi16ure 7.—Longitudinal profiles of hanging valley of Fireplace Creek and of ravine on opposite side of Y osemite
Valley. These profiles indicate a common point on the mountain-valley profile of the Merced about 1,700

feet above the present level of the river

preceded the cutting of the inner gorge—in other
words, it represents the profile of the Merced in the
mountain-valley stage, which has been tentatively
assigned to the end of the Pliocene epoch. It will be
referred to hereafter, for the sake of brevity, as the
mountain-valley profile.

The correctness of this interpretation being granted,
it follows that not only the hanging valleys but the
spurs and ridges between them must be remnants of
the landscape of the mountain-valley stage—somewhat
eroded, of course, during Quaternary time. The
Quaternary erosion, however, has been in all probabil-
ity slight, not more than 100 feet in the bottoms of
the valleys. Allowance for this erosion has been made
in plotting the profiles, but on the small scale on which
they are here reproduced it is scarcely noticeable.

The question now arises, naturally, whether any of
the hanging valleys in the Yosemite region belong to
the same category. Are any of them remnants of the
landscape of the mountain-valley stage? If so, their
restored profiles should give points accordant with the
old profile of the Merced established by the hanging

side valleys of the lower Merced Canyon. Actual

About 3} miles farther up is the hanging valley of
Grouse Creek. This also presents certain complica-
tions, and its profile could scarcely be used in this con-
nection without an intimate knowledge of local con-
ditions. Grouse Creek, it would appear, has been
deflected from its original lower course by a heavy
embankment of glacial débris—the left lateral moraine
of the Yosemite Glacier—and it now follows a new
course, having broken through the embankment at a
point half a mile farther south. Clearly the profile of
the old course, which is still recognizable, is the one to
be used, and when this is extended forward, it fur-
nishes an accordant point.

It is scarcely necessary here to enter into the details
of each individual valley: suffice it to say that through-
out the Yosemite region there are hanging valleys that
furnish accordant points for the extension of the
mountain-valley profile of the Merced. Among them
are the valley of Tamarack Creek, which has remained
unglaciated and presents a simple case; the hanging
valley of Fireplace Creek, which is likewise unglaciated
(fig. 7); several small hanging valleys or ravines on the
south side of the Yosemite chasm, opposite Fireplace
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Bluff; and similar hanging ravines on the north side,
opposite the Pohono Bridge. The profiles of these
little valleys and ravines are short, but the accurate
contouring of the topographic map (pl. 7) permits them
to be extended forward with a fair degree of confidence.

Farther up in the Yosemite chasm are the hanging
valleys of the two branches of Indian Creek. (See
fig. 8.) These valleys, though repeatedly buried
under ice to a depth of fully 600 feet, have suffered
but slight excavation, for the ice came into them
through the passes to the north and northeast and
spread out as a partly inert mass that was held back
by the powerful current of the passing Yosemite
Glacier, much as backwater is held stagnant in a
tributary channel by a swollen river. The profiles of
these two hanging valleys should therefore be partic-
ularly valuable for an accurate determination of the
mountain-valley profile of the Merced. They give,
in fact, a common point for the extension of the profile.
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probably will permit its extension still farther, both
toward the foothills of the Sierra Nevada and toward
the crest.

It is possible likewise to reconstruct the mountain-
valley profile of Tenaya Creek as far up as the head of
Tenaya Canyon. The hanging valley of Snow Creek
furnishes an accordant and valuable point, and the
profile of the upper course of Tenaya Creek, which lies
above the Tenaya Cascade, when duly corrected for
glacial deepening, appears itself to lie directly in the
line of continuation of the mountain-valley profile.

SIGNIFICANCE OF HIGHER HANGING VALLEYS

The reader may wonder why the hanging valleys
just enumerated do not include those of Yosemite
Creek and Bridalveil Creek. These two certainly stand
preeminent among all the hanging valleys of the Yo-
semite region, being associated with its most famous
waterfalls, The reason is that they do not accord
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Fiaure 8.—Longitudinal profile of hanging valley of Indian Creek and section across Yosemite Valley to Sentinel Dome. The profile, extended forward,
indicates the depth to which the Yosemite had been cut in the mountain-valley stage

At the extreme head of the Yosemite chasm is the
hanging valley of Illilouette Creek. This valley has
always seemed puzzling to students of the Yosemite
region, as it hangs considerably lower than most of the
other side valleys. The real difficulty is that the
glacial history of this valley has hitherto been mis-
understood. It has commonly been supposed that the
Illilouette Valley was deepened by a powerful tributary
glacier that came down from its own headwater basin,
but it is now definitely established that most of the
deepening was done by a massive lobe of ice that
split from the Merced Glacier below the mouth of
the Little Yosemite and that forced its way a short
distance up the valley, thereby excavating the lower
end with particular vigor. The profile of the Illilou-
ette Valley, when properly corrected for this local
glacial deepening, as well as for the considerable cutting
done by Illilouette Creek, gives a point on the moun-
tain-valley profile that accords well with the other
points.

As will be clear from Plate 27, B, the mountain-
valley profile of the Merced can be extended up into the
Little Yosemite by means of several points determined
from short side valleys. The total distance over
which this ancient profile of the river can be recon-
structed with reasonable certainty is thus about 40
miles. Future research, aided by accurate mapping,

with the other hanging valleys but belong to a separate
category.

If the profile of the hanging valley of Yosemite
Creek (fig. 9) is extended forward over the main chasm,
duly corrected for the effects of stream erosion and
glacial erosion, it is found to indicate for the Merced
a former level about 700 feet higher than that of the
mountain-valley profile. Similarly the extended pro-
file of the upper part of the hanging valley of Bridal-
veil Creek (fig. 10) indicates for the river a former
level nearly 900 feet above the mountain-valley profile.

These large disparities can not be due merely to
inaccurate plotting of the profiles. These profiles
have been plotted on a much larger scale than that of
the published diagrams and with considerable care,
in strict accordance with the contouring of the topo-
graphic maps. The probable error to be expected
from that source is in the neighborhood of 50 feet for
the detailed map of the valley (pl. 7) and in the neigh-
borhood of 100 feet for the map of the park (pl. 2).
Neither can the disparities be due to erroneous esti-
mates of the depth of stream erosion and glacial ero-
sion, for which allowance must be made in the restora-
tion of the hanging valleys. Such estimates are
necessarily approximate, it is true, but the observa-
tional data now at hand concerning each individual
valley are so plentiful that there is scarcely any chance
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of errors as great as 900 feet, or even half as great,
creeping in. Indeed, careful consideration of all the
facts involved makes it entirely clear that the dis-
parities are not errors susceptible of elimination by
adjustment or compromise. The high levels indicated
by the valleys of Yosemite Creek and Bridalveil
Creek can not in any legitimate way be brought down,
nor can the low levels indicated by the other set of
valleys be raised so as to make all accordant.

It is highly significant, furthermore, that several
other hanging valleys, those of Ribbon Creek, Cascade
Creek, Meadow Brook, and Sentinel Creek, indicate
for the Merced high levels closely accordant with those
indicated by the valleys of Yosemite Creek and Bridal-
veil Creek. When plotted on the longitudinal profile
of the Yosemite Valley, the points obtained from these
hanging valleys are found to lie on a smooth, unbroken
curve (A-A, pl. 27, A) analogous to that which was
previously interpreted as the Merced’s profile of the
mountain-valley stage but considerably higher and
somewhat flatter. Evidently this curve represents a
still older profile—namely, that of the broad-valley
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| increases gradually in depth downstream and has a

Yosemite

distinetly steeper gradient. The profile of this gorge,
when extended forward, also meets the mountain-
valley profile of the Merced, thus showing that Bridal-
veil Creek, like Yosemite Creek, had made some
headway in gulch cutting during the mountain-valley
stage.

The profile of Bridalveil Creek suffers a second break
at B (fig. 10), the part BC being much steeper than the
rest. This lower part is the profile of the V-shaped
gulch between the Cathedral Rocks and the Leaning
Tower through which the stream rushes to the precipice
of the Bridalveil Fall. As the profile clearly shows,
this gulch is not part of the upland valley properly so
called but lies wholly below the brink. It is a feature
produced during the canyon stage of the Yosemite
Valley, which will be considered further on.

The establishment of the old profile of the Merced
(AA, pl. 27, A) as the profile of the broad-valley stage
leads to some interesting inferences. In the first place,
it follows that the upland valleys from which its level
has been determined—the upland valleys of Yosemite
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Ficure 9.—Longitudinal profile of hanging valley of Yosemite Creek. Extended forward to the axis of the Yosemite Valley it indicates the level at which the Merced
flowed in the broad-valley stage, about 700 feet above the level of the mountain-valley stage. The lower part of the hanging valley, from A to B, was trenched and

steepened by the stream presumably during the mountain-valley stage

stage, which antedated the mountain-valley stage and
has been referred to late Miocene time.

The valleys of Yosemite Creek and Bridalveil Creek
present certain peculiarities that would seem to
strengthen this conclusion. The profile of the valley
of Yosemite Creek (fig. 9) describes on the whole a
remarkably smooth curve, yet it is broken at a point
about 1 mile back from the brink and there becomes
appreciably steeper. This lower part of the valley is
quite unlike the prevailingly open upper part, being
trenched by & narrow, rugged gorge through which
the waters make a boisterous descent. Now the pro-
file of this gorge, when extended forward, satisfactorily
meets the mountain-valley profile of the Merced. It
may be inferred, then, that while the Merced was cary-
ing its mountain valley Yosemite Creek was cutting a
gulch at the mouth of its hanging valley in precisely
the same fashion in which Feliciana Creek is cutting
a gulch at the present time. 'The head of the gulch has
reached a point about a mile back of the brink.

The profile of the valley of Bridalveil Creek is
similarly broken and seems to indicate a similar history.
As far down as the point marked “A” in Figure 10 the
valley is broadly open and characterized in places by
gently sloping' meadows. But from point A to the
brink (B) it is trenched by a steep-walled gorge. that

Creek, upper Bridalveil Creek, Sentinel Creek, Meadow
Brook, Cascade Creek, and Ribbon Creek—are them-
selves remnants, only slightly modified, of the landscape
of that early stage. That being granted, it follows
further that the rounded hills and low mountains that
form the divides between the valleys are also parts,
somewhat modified, of that ancient landscape. In
short, it appears that the configuration of the uplands
is to-day, save for minor changes, still representative
of the country as it was in that remote epoch (late
Miocene) when the Yosemite region was a land of
moderate altitude above the sea and when the Merced,
as yet unaccelerated by any major uplifts of the Sierra
block, wandered sluggishly in a broad-floored valley cut
only a few hundred feet below the tops of the flanking
ridges and hills.

This may seem a daring statement to make, for the
time that has elapsed since those early days amounts
probably to about 8,000,000 years, and the erosive
processes have been active throughout that period.
However, it is to be borne in mind that the upland
streams have small volume and for the most part
gentle gradients and therefore slicht cutting power;
that the massive granitic rocks from which both hills
and valleys are carved are exceptionally resistant; and
that throughout most of the long interval, until the
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latest great uplift, the land was covered with luxuriant,
dense vegetation promoted by a humid climate, so that
the effectiveness of the erosional processes was mini-
mized by a protective mat. Thus, it will be seen,
several circumstances have combined to preserve the
Yosemite upland in nearly its original state during
those very epochs when the canyon of the Merced was
being actively cut.

Probably the most conspicuous changes in the con-
figuration of the upland were wrought by the glaciers
of the ice age, which broadened and deepened some of
the valleys, scraped and rounded the divides which they
overrode, and hewed out the valley heads on some of
the higher ridges into amphitheaterlike hollows. But
those changes were confined only to certain parts of the
upland. Large areas have remained uninvaded by the
ice and therefore retain their preglacial configuration
but slightly changed.

The vertical measure of the wearing down which the
Yosemite upland has suffered, apart from the changes
wrought by the ice, is in any event small-—presumably
less than 200 feet on an average—and accordingly it
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‘ rock into plane-sided, sharp-edged blocks and slabs.

Ordinarily the joints are spaced about a foot or a few
| feet apart, and a mountain of granite so jointed may
be conceived as being composed of a great multitude of
blocks and slabs accurately fitted together. The gra-
nitic rocks of the Yosemite region, however, are for the
most part sparsely jointed, the intervals between frac-
tures measuring tens or hundreds of feet, in some
places even thousands of feet. (See pls. 35, B, 36,
and 17.) The uplands, accordingly, are to be conceived
as being made up in part of large blocks and sheets of
granite, in part of huge monoliths ** measuring hundreds
or thousands of feet in horizontal and vertical extent.

Now the rate at which a mass of igneous rock yields
to the agents of decomposition and disintegration de-
pends largely on the spacing of its joints, for every
joint constitutes a plane of weakness. Through the
joints water penetrates to the interior, carrying with
it carbon dioxide and acids derived from decomposing
vegetal matter, which dissolve the weaker minerals. In
the joints also water congeals in freezing weather, exert-
ing its well-known expansive force. Thus a closely
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FiGure 10.—Longitudinal profile of hanging valley of Bridalveil Creek.

The upper part, as far down as A, belongs to the broad-valley stage;

the middle part, from A to B, was trenched and steepened during the mountain-valley stage; the lower part, from B to C, was cut during the

canyon stage

may be properly said that the present billowy topog-
raphy of the upland is in a general way still repre-
sentative of that which was evolved before the land
acquired its present altitude.

PRESERVATION OF THE YOSEMITE UPLAND ON MASSIVE
GRANITE

Of the various circumstances to which the Yosemite
upland owes its preservation, the most influential by
far is the exceeding durability of its massive granitic
rocks. The massive structure of these rocks is, indeed,
peculiar to the Yosemite region and is in large measure
the cause of its distinctive sculpture. Only in a few
other localities in the Sierra Nevada and in others
widely scattered over the earth is there granite of com-
parable structure. It seems appropriate, therefore, to
set forth the characteristics of this unusual material, in
order that the reader may fully appreciate the part
which it has played in the development of the Yosemite
landscape.

All igneous rocks are characteristically traversed at
intervals by straight or nearly straight fractures, com-
monly termed “joints’’ because they resemble the joints
between stones in masonry. (See pl. 41, B.) Such
fractures occur as a rule in parallel sets, three or more
sets crossing one another in such a way as to divide the

jointed mass of rock suffers attack from within as well
as from without and tends to be converted into an
aggregate of loose blocks. Manifestly, the more
closely jointed the rock the more rapidly will it break
up; and conversely the more sparsely jointed it is, the
longer will it hold out. A huge monolith, being wholly
devoid of fractures and vulnerable only at its surface,
will endure for a very long time.

The rate at which streams cut their channels in igne-
ous rocks also depends in large measure upon the spac-
ing of the joints. For in hard rocks of this kind streams
accomplish little by abrading with the sand and gravel
they carry; they erode most effectively by plucking and
removing entire joint blocks and joint slabs that have
been partly loosened by solution and frost. This is
evident from the hackled, angular configuration of
their beds. It follows that in the Yosemite region,
whose granitic rocks are very hard, channel erosion can
proceed with some rapidity only where the rock is
divided into small, light blocks or slabs. Wherever the
rock is only sparsely fractured or wholly massive—
wherever, in other words, the individual blocks and
slabs are too large and too heavy to be dislodged by
the current—erosion is limited to the abrasive proc-
esses only and works at an extremely slow rate.

« The term monolith was applied by the ancient Greeks to a column or monu-
ment composed of a single large block.
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How nearly impotent even the most powerful stream
of the Yosemite region is to erode massive granite may
be readily seen at various points along the course of
the Merced, notably above the Vernal and Nevada
Falls. There in all the 10,000 years or more that has
elapsed since the glaciers of the ice age melted away
the river has worn its bed only a foot or two, in places
only a few inches, below the polished surface left by
the ice.

Thus the Yosemite upland and its hanging valleys
have remained well preserved, in spite of their great
age. The upland is limited, of course, to the area of
the prevailingly massive granitic rocks. Its western
border coincides in general with the western limit of
those rocks, which follows an irregular line passing
from north-northwest to south-southeast through The
Gateway, at the elbow bend of the Merced Gorge.
West of this line the granitic rocks are prevailingly
fractured, and in the vicinity of El Portal they give
place to the thin-bedded and generally shattered sedi-
mentary rocks of the lower Sierra slope. There the
country is deeply and intricately dissected, and only

scattered remnants of the ancient upland surface re- |

main preserved on narrow skeleton ridges and isolated
peaks. Hanging upland valleys dating back to the
broad-valley stage are wholly absent, and there are
consequently no data for the extension of the broad-
valley profile of the Merced. A tentative extension of
that profile in a downstream direction (pl. 27, A) shows

that it must have passed but little below the higher | Yosemite Valley.

summits, such as Pinoche Peak and Trumbull Peak.

It may be asked, perhaps, why Indian Creek and
THilouette Creek were able to cut their valleys down
to the level of the mountain-valley stage. The reason
is that each of these streams flowed over more or less
regularly jointed rock and thus had a decided advan-
tage over those which flowed over prevailingly massive
rock. Even in the relatively short interval that has
elapsed since the second Sierra uplift (which initiated
the canyon stage) these two streams have cut deep
gulches at the mouths of their hanging valleys. Indian
Creek, in spite of its small volume, has carved a gulch
1 mile in length (known as Indian Canyon), thereby
depriving the Yosemite landscape of an additional
waterfall. Illilouette Creek, though a much larger
stream, has carved a gulch only half a mile in length,
having to deal with more sparsely jointed rock. It
still makes a waterfall 370 feet in height, its gulch
cutting having been arrested by a body of massive
granite.

Upstream the broad-valley profile of the Merced is
readily extended into the Little Yosemite, for the up-
land south of that valley is also a large remnant of the
broad-valley landscape, preserved on massive granite,
and the hanging valley of the brook that runs through
the Starr King Meadows furnishes a closely accordant
point for the profile. (See pl, 27, A4.) Still farther
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upstream the broad-valley profile of the Merced is
more difficult to reconstruct, as the hanging side val-
leys have been deeply excavated by the glaciers of the
ice age. Nevertheless, close study of these hanging
valleys and of the high shoulders that extend on both
sides of the main canyon trough leaves little doubt
that these features, all of which are carved from pre-
vailingly massive granite, are remnants, more or less
modified by glaciation, of the ancient landscape of the
broad-valley stage. That landscape can thus be traced
all the way to the head of the drainage basin of the
Merced, and it would appear that even there, in the
heart of the High Sierra, the hanging valleys are not
products of glacial action alone but are at least in part
of preglacial origin, having been left hanging in the
first instance through the rapid trenching of the Mer-
ced after the first great Sierra uplift.

THE HALF-YOSEMITE AT WAWONA

Hanging valleys and upland tracts that have re-
mained preserved since remote geologic time as a
result of the exceeding durability of massive granite
are common throughout the southern half of the
Sierra Nevada. Examples might be cited by the score,
but one seems particularly deserving of mention—
that which is associated with the valley of the South
Fork of the Merced near Wawona. (See pl. 2.)

This valley forms a wide basin in an otherwise

| narrow canyon and is in this respect analogous to the

But it is only what may be called
a half-yosemite, for though it is flanked on the north
by imposing cliffs, on the south it is flanked merely by
low mountains and hills whose forested slopes descend
at moderate angles. The cliffs on the north side rise
abruptly 3,000 feet to the brink of a billowy upland
and are adorned by a beautiful cascade, the Chilnualna
Falls, which pours from the mouth of a typical hanging
valley. (See fig. 11.) From the mountains and hills
on the south side, by contrast, the streamlets descend
through deeply cut valleys, without any cascades or
falls. Indeed, the great height of the hanging valley
of Chilnualna Creek and the upland of which it
forms a part is rendered the more impressive because
of the absence of an upland of equal height on the
other side of the South Fork.

The explanation of this remarkable contrast in
land sculpture on the two sides of the valley at
Wawona is that on the north side the progress of
erosion has been greatly retarded by the presence of
massive granite comparable to that of the Yosemite
region, whereas on the south side erosion has pro-
ceeded at a relatively rapid rate in prevailingly well-
jointed rocks, granitic and sedimentary. Particu-
larly impressive is the fact that the valley of Chilnualna
Creek remains in part untrenched, although it has a
southwesterly course and consequently must have been
steepened by each tilting of the Sierra block. Its
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general level corresponds to that of the upland valleys | ite chasm. Yet these hanging gulches hold the key to
of Bridalveil and Yosemite Creeks, and it therefore = the Yosemite’s most signiﬁca‘nt secret: they indicate
forms part of the ancient landscape of the broad- | thelevel to which the Merced had cut the ~vallev im-
valley stage. Only its lower portion appears to have mediately prior to the advent of the glaciers. .

been trenched and steepened during the mountain- |  The depth to which any valley or canyon was cut
valley stage. before being remodeled by glacial action is as a rule

It is highly significant, further, that the valley of | impossible to ascertain with any degree of precision.
the South Fork at and below Wawona is wholly a | In most localities only the roughest sort of approxi-
product of stream erosion and not in any measure of | mation can be made, the glaciers having blurred or de-
glacial erosion, for the boulder deposits that mark the | stroyed all vestiges of the preglacial topography. The
farthest limits reached by the South Fork Glacier lie | Yosemite is exceptional in this respect: several features
at and above Wawona. It follows that the hanging of its preglacial topography remain preserved, and
valley of Chilnualna Creek lies 2,000 feet above the | these are of such a kind as to afford a clue to the depth
valley of the South Fork solely because the creek has | to which the chasm had been cut by the Merced before
been unable to trench the massive granite of the | the glaciers began their work. Thisis truly a fortunate
upland as rapidly as the master stream has trenched | circumstance, for the Yosemite problem centers about
the jointed rocks along its course. the question, How much excavating was done by the
river, and how much by the glaciers?

The profile in Figure 12 shows that the gulch of

Besides the two sets of hanging valleys from which | Bridalveil Creek lies wholly below the level to which
the profiles of the broad-valley stage and the mountain- | the Yosemite had been cut in the mountain-valley
valley stage have been determined, there is still another | stage. What is equally significant, the lower part of
set, situated at a lower level. These are really gulches | the flanking spur surmounted by the Cathedral Rocks,

A THIRD SET OF HANGING VALLEYS
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Fioure 11.—Longitudinal profile of hanging valley of Chilnualna Creek and section across the * half-yosemite’ of the South Fork of the Merced
at Wawona. The hanging valley belongs to the broad-valley stage. Only its lower portion appears to have been cut down to the level of
the mountain-valley stage

rather than valleys, for their gradients are very steep. | including the lowest of their three summits, also lies
The largest is the hanging gulch from whose mouth | below that level. It is clear, then, that all these fea-
the Bridalveil Fall leaps: (See pl. 3.) It terminates | tures have been carved since the mountain-valley stage
at a height of only 850 feet above the floor of the | during that cycle of vigorous erosion which produced
Yosemite Valley, or fully 1,600 feet below the mouth | the canyon stage. To some extent, of course, they
of the upland valley of Bridalveil Creek. Another | have suffered erosion also during glacial and post-
example is the hanging gulch of Royal Arch Creek, | glacial time, but their configuration is such as to show
which terminates at the shoulder above the Royal | beyond a doubt that they are primarily stream-cut
Arches, at a height of 1,400 feet above the main valley. | features of the canyon stage.
To the same set belong also the gulches of Cascade The gulch of Bridalveil Creek is sharply V-shaped
Creek and Tamarack Creek, which unite just above the | and in general exhibits the characteristic forms of
brink of the Merced Gorge below the valley, at a height | stream erosion but hardly any marks of glacial erosion.
of 650 feet above the river; and the gulch of Wildeat | True, it has been completely submerged by the highest
Creek, which terminates at the brink of the gorge at a | ice floods, for it lies below the level of the highest
height of 700 feet. moraines (see pp. 64-65), but evidently it has not been

None of these hanging gulches have been given | exposed to the full force of the Yosemite Glacier,
prominence in the literature on the Yosemite Valley, | being protected by the mighty bulwark of the Cathe-
probably because they are only minor features in the | dral Rocks. Even when that bulwark was over-
landscape and because their streams and falls have but | whelmed by the ice, as must have happened at least
small volume. Even the gulch of Bridalveil Creek has | twice during the glacial history of the valley, the
received but scant attention, although it is associated | gulch was filled mostly with stagnant ice that was
with one of the world’s most famous waterfalls and is | held imprisoned by the main current of the Yosemite
itself a decidedly anomalous feature, projecting on a | Glacier, as backwater is held imprisoned in a side
boldly sculptured promontory far out into the Yosem- | slough by a powerful river. Nor is there any evidence
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that the gulch has ever been traversed lengthwise by
an actively excavating tributary glacier. On the
contrary, the moraines on the upland show that the
feeble Bridalveil Glacier failed to reach the brink of
the chasm, save at the time of maximum glaciation,
when the chasm was filled with ice literally to the
brim.

Stream erosion effected during and since glacial
time accounts probably for only a small part of the
total depth of the gulch. The clean-cut form of the
lip of the gulch, which is not marred by any stream-
carved notch or recess, shows in itself that stream
erosion proceeds but very slowly here owing to the
resistant nature of the granite. The effects produced
by stream erosion since the glacial epoch are in fact
negligible, and the cutting accomplished by it during
glacial and interglacial time aggregates probably but
little over 100 feet. In the profile (fig. 12), therefore,
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which these cliffs cut off the gulches as well as the
flanking spurs shows that they were produced later
than those features of the canyon stage and by an
agency that worked in a different way and with
much greater vigor than the streams. Their sheer
profiles, their prevailingly straight or smoothly
curved courses, and their alinement essentially
parallel to the axis of the main chasm, moreover,
show plainly that that agency was a glacier—
a mighty glacier that forced its way length-
wise through the chasm. (The processes whereby
glaciers operate to produce such cliffs are explained on
pp. 89-91.) It may be concluded, then, that whereas
the gulches are essentially preglacial features, the cliffs
in which they terminate are glacial features produced
during the ice age.

It is not desired to imply, however, that all the
excavating done in the main chasm below the lips of
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F1Gure 12.—Longitudinal profiles of hanging gulch of Bridalveil Creek and of hanging upland valley of Ribbon Creek. The
former indicates the depth to which the Yosemite had been cut in the canyon stage, before it was invaded by any glaciers
of the ice age. The latter indicates its depth in the broad-valley stage. The difference in level, 2,100 feet, is the total depth
of cutting done by the Merced during the mountain-valley and canyon stages. From this diagram it is manifest that the
Yosemite prior to the ice age had a depth of 2,400 feet, measured from the brow of El Capitan

an allowance of that amount has been made for stream
erosion since the canyon stage.

It can be demonstrated, similarly, that none of the
other hanging gulches mentioned have been deepened
appreciably by glacial erosion, in spite of the fact that
they have all been submerged by the highest ice flood.
The spurs flanking them have been in part planed
away by the ice, but the gulches themselves evidently
were sufficiently recessed in the sides of the chasm
to escape the eroding force of the glacier’s current.
Probably they were filled by feeble eddies at the
margin of the ice stream. Neither is there any
indication that any of the gulches have been exposed
to the eroding action of tributary glaciers. The
cutting done by their respective streamlets during
and after the ice age is probably even less than that
done by Bridalveil Creek. It may be properly con-
cluded, then, in view of these considerations, that the
hanging gulches all are primarily features left over
from the canyon stage.

Quite different is the story told by the cliffs at the
mouths of the hanging gulches. The abruptness with

the hanging gulches was performed by the ice. The
glaciers did not work continuously throughout the ice
age but were interrupted by long intervals of rela-
tively mild climate, when they melted back to their
sources, or nearly so, and the streams resumed their
normal activities. Doubtless, therefore, that part
of the cross section of the Yosemite Valley which lies
below the lips of the hanging gulches represents stream
work as well as glacier work accomplished during the
ice age.<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>