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FORM AND DEPTH OF THE BEDROCK TROUGH OF YOSEMITE VALLEY
By John P. Buwalda

Foreword

Dr. Iohn B, Buwalda s Professor of Geol-
ogy at the California Institute of Technol-
ogy, Pasodena, Calliernia, and also serves
az o member of the Yozemite MNational
Park Advisory Board In response lo a re-
quest for advance informaltion on the re-
suliz of seismic studies carried en by his
institution, he hos prepared this ariicle
The complete gcientific report of these siu-
digs iz expected to be published wlthin
the coming year,

Until & lew years ago it was gen-
erally believed thal the alluvial fill
in Yosemite Valley is not of great
depth—perhaps 200 or 300 {eet. I
true, this would mean that we see
nearly the entire bedrock trough ex-
cavated by the ice. Apparently this
idea was lounded on the beliel thal
most or.all Sierran glaciated valleys
are box-like in cross profile, instead
of U-shaped; in the box-like valleys
the steep sides flatten suddenly. The
further conviction apparently was
that the bottoms of most or all Sier-
ran valleys slope continuously
dowrisiream or nearly so, and that
hence no very deep bedrock basins
were formed by ice sxcovation,

Dr. Elint Blackwelder of Stemford
University apparently doubted this

view for Yosemite Valley, and at
lecst considered the possibility that
the iill in the valley might be quite
deep. The nearly wvertical slope with
which the glaciated walls pass be-
neath the alluvium here and there
along the valley sides certainly sug-
gested that the fill might be thick.
Dr. Blackwelder urged Dr. Buwalda
and Dr. Gutenberg of the California
Institute of Technology to determine
the depth of the fill by means of geo-
physical methods. The Calitornia [n-
stitute possessed seismic rellection
equipment and had been carrying
on experimental studies of geophy-
sical methods,  Accordingly, with
funds maode ovailable by the Geo-
logical Society of America and the
Calitornia Institute, the investigation
was underiaken, the field work be-
ing carried out during several weeks
befcre and after the tourist seasons
of 1934 and 1935 A total of $2,000
wes expended on the study. The ex-
tensive work of caloulations, donein-
jermittently during following years,
was completed by Dr. Gutenberg
some time ago, and the results are
now being cast in shape for publi-
cation.
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METHOD USED

The seismic reilection method de-
pends upon the lact thot when a
compressional wave, produced by a
small dynamite explosion in the
ground, strikes a surface at depth
which separaies two matenals in
which the wave travels at consider-
ably different velocities, part of the
wave iz reflected or echoes back
The time interval between the in-
slant of the explosion and the re-
turn of the reflecied wave can be
megsured to the nearest thousandth
of a second. Also, the velocity of the
wove in each kind of material can
be determined, in ancther experi-
ment, by measuring accurately the
time it takes a wave to travel a dis-
tance of soy several thousand feet
Knowing then the speed of the wave
cmd the number of thousandths of g
second it requires to go from the
shol point down to the reflecting
surface and back to the instruments,
situated near the shot point, it is pos-
sible to caleulate the depth from the
shot point and instruments down to
the rellecting surfoce. The principle
is simple, but the procedure requires
considerable equipment: a crew of
tenn or o dozen men, of whom at
lecist three must be highly trained
cnd fomiliar with the technigque and
mathematics of the method, and can-
siderable dynamite, phetographic
paper and other consumable goods.
Minimum ecuipment consists of: re-
cording truck to which are attached
at least five portable seismogrephs
or ssismomelers, portable telephone
ecuinment, and large wire-winding
spocls, and in which are fitted the

recording oscillograph and carmera,
portable  darkroom  lor immediate
developing and lixing of records
ond timing device; peortable drilling
outlit consisting of a take-down der-
rick on a truck; dynamite and wertes
truck or car; and other cars for con-
stant messenger service. The methoa
is expensive, but highly satisfactory
so far as reliability of results is con
cerned,

PROCEDURE [N YOSEMITE VALLEY

It was desired to determine the
thickness of the fill ot many peints in
Yozsemite Valley, for from these data
the form of the bedrock trough could
be immediately discerned. In addi-
tion we desired to know whether the
fill consisted of one formation—all
the same kind of material—or whe-
ther more than one formation lay be-
neath the valley floor.

The conditions for the work were
quite ideal. The difference between
the soft {ill and the hard smooth sur-
face of the bedrock trough resulted
in very sirong rellections, accentu-
ated no doubt by iis concave form.

The depth of the alluvium was
measured at about 85 points roneg-
ing in geographic position from east
of Mirror Lake to west of El Portal
Whila it was often necessary in oth-
er parts of the country to drill holes
50 to 100 feet deep in which to fire
the charges, litfle drilling was re-
cuired in the valley. Nearly every-
where holes a few feet deep, duq
with a post hole augur, sufficed. Tt
was usually necessary te sheot neo
more than 1/16 pound of dynamite
in o hole, and often a can was suffi-
cient. Perthaps 1/2 ton of dynamite
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_'-M: used in all.

In addition to measuring the depth
il the valley fill at about 85 points
he velocity of the dynamite wave at
ifferent depths in the fill was de-
ined by shooting successive
harges at a point and moving the
nstruments  forther and  farther
frwory. Since the wave always irav-
glz along a path quite concave up-
ward, spacing the shotpoint and in-
truments farther and farther apart
means the wave passes through
deeper and deeper parts of the fll
Comparison of the velocities at the
Jifferent depths shows whether more
- cne formation is present o
constitute the [ill, for different forma-
fions invariakly transmit the waves
et different velocities.

FORM OF THE BEEDROCK TROUGH

OF YOSEMITE VALLEY

The results of the geophysical
work indicate with no doubt what-
‘ever that the depth of the glacial
bedrack trough is much greater than
was previously supposed. Between
the Government  Administration

below the dam, but it is again some
hundreds of feet ot Coscades, ond
continues with depths of this order to
the fartherest west point occupied,
west of El Portal, Upstream from
Comp Curry the depth of the fill de-
‘ereases gradually toward the upper

end of the valley. From the upper
end ol the valley the bhedrock floor
steps up rather suddenly both up-
stream on the Merced from Happy
Isles and upstream on Tenaya Creek
al the point where it enters the val-
ley proper. On both of these streams
the bedrock appears in the creek
bottom within a mile or two up-
strecm from  the point where the
stream enters the upper end of the
main valley.

It thus appears that the valley is
actually U-shaped in cross profile, as
might have been expecied. The
steep walls continue downwaord a
maximum of 2,000 feet with genile
concave curvature instead of llatten-
ing suddenly to give a box-like val-
ley,

While this linding was expectakle
rather than surprising, the rapid rise
of the bhedrock floor at the upper end
of the valley, and the 1,000 foot rize
of the Hoor dewnstream in the 3miles
trom Camp Curry to El Capitan may
seem at first o bit odd. But not so it
we compare Yosemile with other
alociated valleys. Commaonly in such
U-shaped troughs there is sudden,
ociten greot, deepening just down-
stregm from the point where an im-
portemt tributary ice stream joined
the main glacier, or just below the
point where two ice streams of near-
ly equal size formed a junction. The
reason lor this is well understood.
Rivers do the same thing on a small
scale, The increased amount of ice
below the junction reguires a larger
cross section of the trough, and since
the upper surtace of the ice contin-
ues to slope downstream, the dimen-



92 YOSEMITE NATURE NOTES

sions of the trough connot be in-
creased upward. The trough is
therefore deepened and widened,
and this is what hoppened in Yo-
semite Valley,

The rise of the iloor downstream
to El Capitan seems more unusual,
but it is not unigue in glacial
troughs, The great glacial troughs
on the coost of Norway, the lower
ends of which are now often lilled
with seqa water and form fiords, show
the some leature. Often they are
hundreds, even thousands, of feet
deep at a distomee of some miles
from the seaward mouth of the fiord,
while at the mouth, the depth of the
sea waoler may be very much less,
sometimes so little as to make en-
trance into the fiord by seg-going
vessels difficult. This haos been as-
cribed in part to dumping of rock
debris by icebergs where they left
the end of the glacier, but it is well
knawn that the loor of the fiord rises
from its greatest depth some dis-
tance from the seq, toward its mouth.
The glacial trough in which Loke
Chelan lies, on the east slope of the
Coscade Mountains in central Wash-
ington, exhibits exoctly the same
teatures.

The reason for this rise in the bed-
rock bottom of the trough in the
dewnstream direction is, of course,
thaot the ice cuf less and less effec-
tively as the glacier became thinner
toward its snout, through melting.
The weight or pressure of the ice on
the underlying rock became pro-
gressively less downstream, and also
less ice passed over each sguare
fool of the rock surfaes. It is possible

also that in Yosemite Valley the rock
at El Capitan was more resistani
than at points farther upstream, and
that it served somewhot s an ice
weir or sill, retarding both down
ward and lateral ice erosion.

It may seem strange that the bot
tom ice of the glocier should move
uphill 1,000 feet in the three miles
below Comp Curry. But the bottom
water in o deep pool experiences no
difficulty in rising along the bottom
of a river toward the next riffle
downatream, even when the bottom
rizes at a rather rapid rate and the
surface of the water in the poc!
slopes downstream only very gently
Ice in a glocier behoves essentially
as a fluid; one may, if he prefers,
think of it as a viseous solid,

The results of the geophysical
work on the thickness of the fill in-
dubitably demonstrate that Yosemite
Valley is considerably meore than
half agaoin (65% or 709%) as deep as
it appears to be in the Camp Curry
region. The trough is about 5000
leet deep below Glacier Point rather
than about 3,000 feet. That part of
Yosemite Valley is about as deep as
the Grand Canyon, O course that
deep basin in Yosemite Valley was
never dry land; il either held a laks
when the ice ratreated, or if the ice
receded slowly enough it may have
been filled with gravel and sond as
rapidly as the ice withdrew from it

Another fact of interest is that the
fill consists of three formations. We
know this becouse the dynamite
waves are lronsmitled at greatly
different velocities through the deep-
er materials. The top unit or forma-
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on is presumably river gravel and
gand, like that seen on the floor of

e valley today. We are not vet
riain what the nature and origin
f the two lower formations are. It
cy be possible to ascertain this by

riher study of the wvelocities and
gomparison of the velocities with
ose known in such types of mote-
il as could reasoncbly be expect-
sl in o glacial trough. These three

types of material have not been
found in the canyon below Yozem-
ite Valley or in the tributary canyons
above the head of the main valley

The geophysical work demon-
strates that Yosemite Valley is an
even grander feature,
depth,
thom is evident in the views enjoyed
by the average visitor.

natural

through  its much greater

OUTSIDE THE CAEBIN DOOR
By Ranger-Naturalist Enid Michael

Doy breaks in the Yosemile wiih
chorus of song—the robins are in
ull veice. The trees sleep on lor the
winds are not vet owake, and nc
whisper of gossip is rumored
through the sleeping [olicge. The
sun comes up behind Hall Dome,
[;:mu:i long fingers of light teel their
way into the valley, It i= a smooth,
warm morning in late June, and as
the trees sleep on, the heavens be-
come alive with areat, pulty clouds,
iwhich commence to wander aimless-
Ir_El';.' cicross the blue sky.

My cabin door locks out on the
world. Beyond the highway the
winding, green river slides serenely
along. [ lift my eyes, and there floats
Yosemite Fall — leisurely drifts the
filmy mist like white smoke going
the wrong way. But, there is hurry
‘on the highway: cars whiz along,
and fallen leaves whisper in little
yoices as they scamper away on the
‘breeze ol passing cars, Robins and
‘blackbirds wing from the highwaoy

‘ot the last panic-siricken moment.

A black-backed woodpecker with
a blazing red cap hugs close to the
trunk of the greal ook, and eves the

Caurommis
WEBEPTORER

leeding tray. Now she drops to the
trary, and facing head on, 1 know it
iz she, for she wears the black band
across her torehead, which is the
badge of her sex. This lady wood-
pecker has three husbands; she lives
not far away, and yet she is the only
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one of the family thot comes to the
leeding troy.

Mow it is the chickoree's turn, and
it is really the boss of the tray. It is
a big eater, but a slow one, and so
the birds impatiently wadit. On broad
. wings, swinging like a pendulum
over the tray, the jay tries to blull
the chickoree; but it is "no go.” The
chickaree sits with its tail curled
aver its curved back, and goes on
munching its biscuil. It helds the bis-
cuit in its forepaws, and munches
away. For a glutton the chickaree is
a dainty feeder—leisurely it dines;
there iz no hurry. A long time the
hirds wail, and then a Brewer's
Elackbird comes swooping in; sirikes
chickaree on the beck, and drops to
the ground. The chickaree stops eat-
ing, leans out over the tray, and
locks down o see what bird is so
bold. He gives the blackbird a dirty
lock, and goes on eating.

The chickaree sits on its haunches

in the middle of the feeding tray, his
round stomoch growing rounder as
time gees on, and still it pokes food
into its face. The birds sit caround
cmnd wait their turn, [ take pity on
the birds «nd ioss food on the
ground. The chickaree is very much
interested, and leams out over the
tray to goze down at the feeding
birds, [t leans for out with its fal
tummy resting on the edge of the
tray, 1 can read its thoughts It is
wondering if the birds are getting
something choice. Tt decides to in-
vestigate, and leaps to the trunk of
the cak. Down it comes heoadfirst,
hanging to the bark by its hind toes.
Hesitating, it hangs locsely like o
wet dishrag. For g full minute it is

frozen in silent contemplationr. Hang
ing limp, it loses much of its plump
appearance, and the black markings
along its sides stretch into a straigh!
line. Its tail does not now hug its
back, but waves loosely about, Now
it ventures onto the ground, with re
luctant hind claws dlinging one las!
moment to security, it bounces oul
grabs o crust of bread, and bounces
back to the tree trunk. Instinct warns
against leeding in the open, and i
sits with its back to the tree. Il fin
ishes the crust, ond now in poised

‘calmness, with wide contemplative

eves, there seems no current of haste
in its svstem.

i

|

)

The chickoree's dleriness and in-
stinctive caution appear nol to be
centered in its brain, but in those
muscular legs and springy toes -
legs that are set on « hair trigger,
ready to go off with the speed of o
steal trop in cose of danger,

The wide eye-ring ol the chickaree
gives it o round-eyed innocent look,
but this pious expression belies its
true character, for reclly it is o little
fiend; it likes its birdlings raw, and it
sucks eggs,
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BLACK-HEADED GROSBEAK FEEDS FROM HAND AT HAPPY ISLES
By Ranger-Naturalist Lleyd P. Parratt

During the summer secson of 1841,
wo male Black-headed Grosbeaks
ere led from the hand ot the Hap-
¥ lsles refreshment stand by atten-
cnts James Roberts ond Frank Her-
kebrath, Bill Crowley, also an atten-
t at the same stand, begon leed-
g one of these grosbeaks in early
une.

These birds were apparently feed-
ing young as they carried food away
lon the average of every lifteen min-
utes. They were more active in the
‘early morning hours when few visi-
tors were about, and would hop
mround the stand for several minutes
at a time. One was particulorly
bold, and the boys often found it
iberched on the cash register, wait-
ing for shop to open, having come in
through the convas from the back of
the tent. If not already inside, the
rosbeak would [lutter in as soon as
he front tent flap was pulled up.

It was found that the grosbeaks
oreferred peanuts above all other
loods at hond, and they became so
tame as to leed on a peanut held
between the attendant's teeth. This

birds, showing that they will re-

spond to kindness in the most unesx-
pected manner, Fluttering their
wings vigorously, the grosbeaks
would tug at the peanut until the at-
tendant released ii from his teeth.

In late June, there were two mals
and ocne female grosbeaks feeding
at the stand. By thiz time the birds
were so fame that wvisitors could
share in the plegsure of feeding
them from the hand. Along with the
leeding of these grosbeaks o West-
ern Tanager, several Blus-fronted
Jerys, California Ground Squirrelds,
chipmunks, ond a Sierra Chickaree
came to the refreshment stand to join
in the feast, and allorded a splendid
show of wildlife activity for the en-
joyment of mony visitors

NATURE NOTELET

From the top of Sierra Point on the
morning of May 26, 1941, our hiking
rarty had the good fortune of seeing
the mating flight of the White-throct-
ed Swift. The two birds were ob-
served flying back and forth over the
convon below, Suddenly they come
close together, and from our view-
roint appeared as one, except lor
the four wings extended ond held
moticnless, As the meting act pro-
ceeded, the swilts were falling con-
tinuously, spinning crcound slowly
as they descended, After dropping in
this manner for several hundred feet,
they separated and continued their
repid flight to end fro.

—Willis A. Evans
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SNOWBOUND MAY LAKE IN LATE JUNE
By Ranger-Naturalist Lloyd P. Parratt

Having a Sunday off, Ranger-Nat-
uralist Tex Bryant, my brother, a vis-
itor, and | decided to explore the
Meay Lake—Mt Hoffmemn area. Se
early in the morning of Tune 22, 1841,
we drove over the Tioga Road, and
parked our cor where the May Lake
Trail joins the road.

We hod anticipated ssme snow,

since the snowiall of the past winter

had kbeen 15 to 20 per cent more than
average, but found the traill covered
in most places with a hard pack 4 to
5 lest in depth. It was fortunote that
the snow had o hord outer crust,
meaking it rather easy for hiking.
May Lake wds a beoutiful sight—
almosi completely covered with ice
and snow, except for some small
patches of blue water showing
through, This waos indeed an unus-
ual situation for lote June, so we
photographed the laoke in Koda-
chrome for reference. Some skiers
were playing ground the edge of
the lake, which added to the wintry

atmosphere, ‘
Then we began the ascent of M.
Hoffmann (elevation 10,921 . feet),

climbing through snow the entire
wery, Just before starting up the
slope, we spotted a Belding Ground
Squirrel running over the snow. Tex
commented that this was unusual,
becouse under such weather condi-
tions this mommeal would be expect-
ed to be in the sound slsep of hiber-
nation, A California Gull soared over
May Lake—a lovely sight agoinst
the blue sky, but a hopeless search

for open water from. the gull's stand-
point.

Erilliont patches of crange and
lemon-green lichens were growing
abundontly on the chimney rocks in
striking color contrast with the white-
ness of the snow. Large masses of
Lodybird Beetles, which seem to be
everywhere in Yosemite Notional
Park during June, were apparently
breeding in ice and snow.

After seeing some cheery Rosy
Finches feeding along the snow-
banks near the crest, we tock oul
the Sierra Club register, and found
that we were the first to sign up for
the vear of 1941, The wind was
blowing strong and cold, so we ate
our lunch on the lee side of some
rocks.

The descent ol the mountgin
bBrought back the joys of childhood,
as we slid most of the woy down on
our feet and the seat of our pants.
Coming down on the north side of
the lake, we spotied a Slender-killed
Nuthateh with a hill full of pitch,
which would indicate nesting activ-
ity. However, the bird cbserved us
also, and kent playing hide and seek
by putting the pitch in various likely
places, but never in the real nest

The exhilaration of this tip was
nol mentally dampened by wet feet
as we made our way back to our car
through the snow. So tired, but hap-

py, we drove down to the valley
with memeories of May Lake in late
June that never will be forgotten,
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