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THE TERTIARY GRAVELS OF THE SIERRA NEVADA OF
CALIFORNIA.

By WALDEMAR LINDGREN.

PART I. GENERAL FEATURES OF THE PROVINCE.

CHAPTER 1. INTRODUCTION.
OUTLINE OF LATER GEOLOGIC HISTORY OF THE SIERRA NEVADA.

This report attempts to trace a part of the history of the Sierra Nevada, the great range
which, for 300 miles, divides the central valleys of California from the deserts of the Great
Basin. It presents an account of the Tertiary formations of that range and deals especially
with the origin and distribution of the gold-bearing gravels which made these mountains one
of the treasure houses of the world. It is not intended to describe the rocks and the geologic
history of the pre-Tertiary periods, except in the merest outlines.

The Paleozoic and early Mesozoic seas‘\(o\ﬁéj% extended over the site where the Sierra now
lifts its broad back. Toward the close of the Mesozoic era the sediments were compressed in
heavy folds, and the intrusion of granitic magmas forced them upward to lofty summits; after
the intrusion the fissures and joints of granitic rocks and altered sediments became filled with
veins and seams of gold-bearing quartz. A long period of erosion in the early Cretaceous
planed down the new-born mountains. The concentration of the gold from the veins began in
countless streams. Pauses in the erosion, when the topography had been reduced to gentle
outlines, permitted deep rock decay and promoted the liberation of gold from its matrix.
Renewed uplift quickened erosion and facilitated the further concentration of gold. Through-
out Cretaceous and Tertiary time these conditions continued. Fluctuations of the western
- shore line at times extended the streams far into the areas now occupied by the Sacramento
and San Joaquin valleys, or caused these watercourses to debouch upon flood plains reaching
high up on the flanks of the range. Faulting movements, with downthrow on the east side,
probably beginning in Cretaceous time, had transformed an approximately symmetrical range
to a monoclinal one with steep easterly slope. Gradually the mountains were thus reduced to
gentler slopes and the canyons widened to valleys. Meandering among longitudinal ridges,
the rivers flowed from low divides to rolling foothills and the whole slope was clothed in the
dense vegetation of a damp semitropical climate.

Long-quiescent volcanic forces asserted themselves toward the end of Tertiary time,
contemporaneously with the greatest volcanic activity in the Great Basin. Rhyolite flows
filled the valleys, covered the auriferous gravels, and outlined new stream courses in the old
valleys. Renewed disturbance began along the scarcely healed eastern breaks, resulting in
a westward tilting of the main blocks, probably combined with normal faulting. In conse-
quence of this disturbance the monoclinal nature of the range became strongly emphasized and
the streams immediately began to cut their beds deeper; they repeatedly crossed their old
courses and the concentration of gold in the new canyons proceeded under less favorable tor-
rential conditions. Eruptions of andesitic tuffs began in enormous volume and effectually
buried a large number of the streams, filling their valleys to the rims. At the close of the
Tertiary period a steaming, desolate expanse of volcanic mud covered almost the whole of the
northern Sierra, in startling contrast to the peaceable verdure-clad hills of the Miocene. In
a thousand rills the storm waters flowed down the slope, excavating rapidly in the soft tuffs.
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The rills became gullies, ravines, creeks, and new master streams. Torrential grades magnified
the erosive power, and thus began the canyon-cutting epoch of the late Pliocene and early
Quaternary, amazing in its results, as we see them to-day. The new streams excavated sharp,
V-shaped trenches in the hard rock to a depth of 1,000 to 4,000 feet below the surface of the
flows. In many places the old rivers of the Tertiary period were exposed and cross sections
of their valleys are now seen on the steep canyon slopes high above the present river beds.
Large stretches of the old channels remained secure below their blanket of 1,000 feet of hardened

, volcanic mud. Wherever
jea lz,° 12 (1’20° _11g° .4] the canyon-cutting streams
é destroyed the old channels
S the gold in those channels be-
g came concentrated in the
canyons and thousands of
NN ' disintegrated quartz veins
¥ added to the previous con-
V\B\X centrates; but owing to the
- Y steep grades of the Quater-
\ nary rivers much of the de-
N N trital material and the fine
R "1l LIl gold was swept out into the
: i valley at the western foot of
NS N, the range over alternately
N || advancing and retreating

A\ \, She i I,’ Aol flood plains.
' “: N \R%;b\ \Qq,‘* b < BB The barren lava flows and
PN g\v NS ! Jj’\ N the canyon slopes again be-
ramento %z\\ NS Q.\‘*v :\ NN came clothed by vegetation,
TS %\\ N . \\ this time of the type belong-
% Q@"’ e N || ing to a cooler but still tem-

N \o/\ L perate climate.
\ ' Vot Mg Later in the Quaternary
% 'K%W 11| the scenes changed again.
- QNS :
b = § \ The summits became covered
“&\ with persistent snows, which
________ o \ eventually consolidated to
| b7 névé and to ice. Glaciers
o filled the upper valleys, but
i sl only for a comparatively
: brief time, disappearing rap-
Zi 221 idly before the drying winds
o 50 100 Miles

of a warmer climate and leav-
ing the summit region a
desolate expanse of dazzling
white, bare granite or reddish
schists.

During the last brief span of a few thousand years the Sierra Nevada has remained as we
now see it, with the pleasing oak groves of the foothills, the somber giant pines of the middle
slopes, and the storm-scarred hemlocks of the summit ridges. :

The peace of the wilderness was interrupted in 1849. An army of ‘gold seekers invaded
the mountains; at first they attacked the auriferous gravels of the present streams, but gradu-
ally the metal was traced to the old Tertiary river beds on the summits of the ridges and to
the quartz veins, the primary source of all the gold in the Sierra Nevada. (See fig. 1.) The

Topogra_phic sheets Topographic sheets and Outline of map accom -
published geologicfolios published panying this report

FIGURE 1.—Index map showing location of region of auriferous gravels of the Sierra Nevada.



INTRODUCTION. 11

Tertiary stream beds—the ‘“channels,” as they are called—proved rich but difficult to mine.
New methods were devised; by hydraulic mining the gravel banks were washed down by the
aid of powerful streams of water, and by drift mining the bottoms of the old stream beds were
followed by tunnels underneath the heavy volcanic covering.

Millions of dollars were annually.recovered from these Tertiary channels, and the heyday
of this industry fell in the seventies of the last century. Since then, owing to the prohibition
of hydraulic mining and the gradual exhaustion of the richer channéls suitable for drift mining,
the industry has slowly decayed until in the year 1908 the total production of the drift,
hydraulic, and surface mines of the range, for the first time since 1848, fell below $1,000,000;
indeed, this figure also includes the value of the gold washed from Quaternary gravels along
the rivers. Gold is still contained in the Tertiary channels; miles of them are still unworked;
but the problems are how to extract it without damage to other property from the débris and
how to reduce the cost of drift mining so as to permit the exploitation of the less remunerative
deep gravels.

To compensate for this decay a new industry, that of dredging, has been developed along
the bottom lands, where the present rivers emerge from their canyons and where fine gold has
accumulated during Quaternary time on clayey or tuffaceous bedrock. During 1908 gold valued
at nearly $7,500,000 was recovered by this method along the foot of the Sierra Nevada.
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MAPS.

It has not been possible to provide this paper with the complete maps of the gold belt as
issued by the United States Geological Survey in the Geologic Atlas of the United States.
Plate I (mrpocket) will serve as a general guide to the geology of the area, but it is recommended
that the Teader who wishes full and detailed information obtain a set of the folios relating to
the gold belt, the names of which are marked on figure 1.
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CHAPTER 2. TOPOGRAPHY AND GENERAL GEOLOGY.

TOPOGRAPHY.

This report deals with the northern and larger part of the Sierra Nevada, lying between
parallels 37° 30’ and 40° 30’ and extending from the Great Valley of California on the west to
the escarpment facing the Great Basin on the east.

From the plains of the Sacramento Valley the first foothills of the Sierra rise rather
abruptly. Except along the Central Pacific Railroad, where an easily eroded mass of granodio-
rite extends to the plains, the valley is bordered by a series of ridges parallel to the crest of the
range and rapidly attaining elevations of 1,000 to 2,000 feet. The slope of the foothills is
decidedly stronger than that of the range as a whole. At an average elevation of about 2,500°
feet the main plateau or middle slopes begin, characterized by the absence of longitudinal
ridges and by a gentler undulating surface, in many places reduced to an even table-land with
uniform and slight westerly slope. Above the general surface of this plateau rise groups of
rugged hills of more resistant material, like Sand Mountain and Slate Mountain in Eldorado
County, and the Blue Mountains in Calaveras County. An average elevation of about 6,000 feet
marks the western boundary of the high Sierra, a region where the plateau-like character of
the middle slopes becomes obscured and finally almost completely lost. High ridges and peaks,
in places longitudinally arranged, here rise above the snow line. Through all three of these
divisions the torrential streams have trenched deep canyons, V-shaped and extremely abrupt
in the lower two divisions, but usually more U-shaped and wider in the high Sierra. Many of
the canyons have been cut to a depth of 3,000 and even 4,000 feet.

In the northern and southern parts of the area discussed the Pacific drainage reaches back
to the most easterly summits of the Sierra Nevada, but in the central part two rivers of the
Great Basin—the Truckee and the Carson—break through the eastern escarpment and drain
considerable areas within the higher portion of the range. At the southeast corner of the area
here treated the range breaks off in a magnificent slope of 6,000 feet from Mount Dana to Mono
Lake, and this escarpment probably continues through the northern part of Mono County to
Topaz, where it faces West Walker River, but ceases a short distance farther north. Another
escarpment forming the eastern slope of the Genoa Ridge and having a height of about 5,000
feet, begins some 20 miles to the northwest of Topaz and continues due north for about 30 miles
to a point a few miles southwest of Reno; another offset of a few miles to the west follows and is
succeeded north of Truckee River by a somewhat lower escarpment, which is practically con-
tinuous to the north end of the Sierra, at Susanville, in Lassen County. The eastern front of
the range is thus marked by four escarpments, arranged en échelon, each offset a few miles
toward the west. Mr. G. K. Gilbert states that this arrangement continues south of West
Walker River, at least as far as Bishop. : ¢

A more westerly eastward-facing escarpment, or crest line, is less steep. It begins a short
distance south of Lake Tahoe and continues north-northwestward for about 60 miles, to an
area beyond Mohawk Valley in Plumas County, where it gradually becomes effaced.

Between these two crest lines lie a series of deep depressions. The southernmost is that of
Lake Tahoe, which is about 20 miles long and 10 miles wide. North of Lake Tahoe a bridge of
high volcanic mountains connects the two crest lines. The next depression is Truckee Valley,
and north of this another bridge of volcanic ridges connects the two divides. The third depres-
sion is Sierra Valley, a deep circular basin surrounded by andesite flows and filled with alluvium.
Truckee Valley and Lake Tahoe are both drained by Truckee River, which cuts through the
eastern ridges of the Sierra between Reno and Truckee and ultimately discharges into Pyramid

14 g
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Lake, in the Great Basin. Sierra Valley and Mohawk Valley are drained by Plumas River,
which empties into the Sacramento. Near the north end of the Sierra and within it are several
smaller valleys, most of them of structural origin—Indian Valley, Grizzly Valley, Clover Valley,
American Valley, Meadow Valley, and Mountain Meadows—all within the Sacramento River
drainage basin.

The highest elevations are found in the southern part of the range. Mount Dana attains
nearly 13,000 feet; the highest peaks of the Genoa Ridge reach 10,000 feet, but those along the
western crest line fall somewhat short of this measure. North of the Central Pacific Railroad
few peaks rise to 9,000 feet, and at the north end of the range the culminating points scarcely
exceed 7,000 feet in elevation. The eastern base has at Mono Lake an elevation of 6,412 feet;
in Carson Valley, 4,700 feet; at Reno, 4,500 feet; at Honey Lake, 3,949 feet. The western base
lies about 200 feet above sea level.

THE GREAT VALLEY AND ITS EASTERN BORDER.
SACRAMENTO AND SAN JOAQUIN VALLEYS.

SEDIMENTARY DEPOSITS.

Inclosed between the Sierra Nevada on the east and the Coast Range on the west, the
Great Valley of California forms a tectonic trough in which, in slightly synclinal structure, a
series of sediments have accumulated, ranging in age from the earliest Cretaceous rocks to those
of the present time. On the east side the valley has since the beginning of Cretaceous time been
bordered by the Sierra Nevada; on the west side diastrophic processes have gradually built up
the barrier of the Coast Ranges, changing the depression from a gulf of the sea to a lake and from
a lake to a drained valley. From the beginning of the Cretaceous period the Great Valley has
been the depository of the enormous masses removed by erosion from the rising land on the
east, and to a less degree also of the débris from the Coast Ranges.

The entire depth of the strata resting in the Great Valley is not known. On the western
valley border, in the vicinity of Mount Diablo, Turner* found an apparently conformable series
ranging from the Knoxville formation (Lower Cretaceous) to the Pliocene, of a thickness which
according to his sections probably aggregates 25,000 feet. It is hardly possible that the total
thickness of Cretaceous, Tertiary, and Pleistocene deposits in the Great Valley reaches. that
enormous figure, but there is reason to believe that none of the wells put down in the valley have
penetrated into Eocene strata, and the thickness of the older rocks is unknown.

Through the many deep borings made in the Great Valley in search of gas or artesian
water, the knowledge of the deposits of the valley has been greatly increased. Few of these
borings, however, afford any definite proof of the age of the strata passed through; the records,
if procured at all, are often very carelessly noted, the determinations of the rocks encountered
are commonly erroneous, and samples are rarely kept.

Dall and Harris? make the following pertinent statements in regard to the strata of the
Great Valley on the authority of Jerome Hawes, of Stockton, who has for many years been
engaged in boring artesian wells: '

In boring in the valley away from the foothills the strata exhibit great uniformity. They consist of clays and
sands, the beds of clay becoming thicker as one bores deeper, sometimes reaching 100 feet without a break. Gravel
israre. * * * Thesand and clay from the Sierra side is different in texture and color from that on the Coast Range
or western side of the valley. But on the west, after boring through about 500 feet of Coast Range detritus, the drill
comes to Sierra gravel and thereafter continues in it, showing that the latter underlies the Coast’ Range talus.

The wells at Stockton have reached a depth of 2,254 feet. At Sacramento® a well has
been sunk to 965 feet through clay and sand and obtained some flowing water and gas. The
strata are soft and the sands do not resemble the sandstone of the Ione formation. G.F.Becker,
who examined some of the samples from this well, states that some of them were probably

1 Turner, H. W., The geology of Mount Diablo: Bull. Geol. Soc. America, vol. 2, 1891, pp. 383-402. See also Anderson, F. M., A stratigraphic
study in the Mount Diablo Range: Proc. California Acad. Sci., 3d ser., vol. 2, No. 2, pp. 155-248.

2 Bull. U. 8. Geol. Survey No. 84, 1892, pp. 195, 196.

3 Bull. California State Min. Bur. No. 3, p. 11.
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andesite tuffs. A well was recently bored on the Blair mining claim, about 2 miles south or
southeast of Roseville, and coal seams, as well as ‘“white volcanic ash,” were reported to be
found. The beds belong undoubtedly to the Ione formation (Miocene), but the report of the
interstratified ‘‘volcanic ash’ needs confirmation. i

On the Haggin ranch on Arcade Creek, 5 miles east-northeast of Sacramento, a well was
bored in 1872 in an unsuccessful search for artesian water. It attained a depth of 2,250 feet
and encountered only soft formations. This is only 13 miles west of the first outcrops of the
“Bedrock series” of the Sierra Nevada, and indicates a steeper slope of the pre-Cretaceous
rock surface west of the valley border than east of it.

In 1891 a well was sunk in Wheatland, Yuba County, to'a depth of 500 feet, mainly through
greenish sand. At Sheridan, Placer County, a well was bored to a depth of 734 feet through
clay and sand. Below 600 feet the drill passed through several hard strata of “cement’’ (tuff ?)
and a 1-foot layer of ‘““crystallized quartz’ (possibly a quartz bowlder). Two miles south-
west of Sheridan, on the Lucas ranch, a depth of 600 feet was attained ; below 100 feet of quick-
sand there was 500 feet of gray and blue clay, containing 4 feet of gravel in the middle.! Neither
at Wheatland nor at Sheridan was artesian water obtained.

At Marysville wells have been bored to depths of more than 200 feet through clay and
sand with a little gravel, without finding artesian water. A well bored in the tule lands south
of the Marysville Buttes disclosed 400 feet of clay (with sand), in the middle of which was
a thin stratum of gravel. No flowing water was obtained.

Under the term ““alluvium” are classed the fluviatile deposits of clays, sands, and gravels
formed by the present rivers during the progressive erosion of the older formations. The
alluvium of the Great Valley has largely been formed by the erosion and redeposition of the
older Quaternary strata covering the valley. The alluvial beds occupy a large space in the
center of the valley, but there are good reasons to believe that their depth is relatively slight,
probably at few places exceeding 100 feet; the lake of the Great Valley was drained only a
relatively short time ago. ; ke

. In the center of the valley Sacramento River pursues a winding course with numerous
oxbow bends and cut-offs. The stream has built up embankments 1 to 15 feet higher than the
land on either side; the slope from the banks toward the low lateral basins is in places as much
as 12 feet in 1,000 feet. The main channel is of very irregular depth and width and has not
sufficient capacity to carry off the winter floods; in consequence, during high water much of
the flow escapes through sloughs and crevasses into the lateral basins on the east and west,
converting them for the time into vast shallow lakes. The banks are from 1 to 2 miles wide
and are formed in the main of comparatively solid sediments. Levees following the river
protect these fertile bank lands at many places, but there is a noticeable lack of a systematic
plan in the regulation of the river.

MINING DEBRIS.

FEATHER RIVER.

The traveler approaching Feather River from the center of the valley begins to meet
the effects of the débris from the hydraulic mines in the Sierra Nevada. The Sacramento
carries practically none of this débris, but the Feather, the Yuba, the Bear, and the American
are loaded with large quantities of gravel, sand, and silt. The general character of Feather
River has changed considerably since 1850. The influence of the tide formerly reached up
the Sacramento to the mouth of the Feather; now it is felt only to a point some distance below
Sacramento. Prior to 1850, Feather River was a clear-water stream with well-defined banks,
its bottom consisting of gravel and sand. At Yuba City the banks were 15 feet high and not
subjected to overflow, except at certain places on the east side below the city. ;

At the present time the river between Rio Bonito, a few miles below Oroville and Marysville
is pretty well defined between banks from 6 to 20 feet high, flanked, as a rule, by low bottom

! Eleventh Rept. State Mineralogist California, p. 319.
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lands from 300 feet to half a mile wide; these are flooded nearly every winter. Below Marys-
ville the channel has been filled in by the débris brought down from the Yuba and the Bear
and the whole river bed has been raised until the stream has only a wide, uncertain channel
in a sandy bed with almost even grade to the Sacramento; the bottom lands surrounding the
river are more and more subject to overflow. Incidentally the overflows of the lowlands
situated between the Yuba and Honcut, to the west of the railroad, have been greatly increased.
The State engineer ! remarks on this subject as follows:

It is known that in the past 40 years the bed of Feather River and that of the Sacramento below the junction

with the former have been greatly raised, as indicated by the elevation of the low-water plane as follows: At Oroville,
5 to 6 feet; at Yuba City, about 134 feet; at the mouth of the river, from 3 to 5 feet; at Sacramento, about 7 feet.

The average grade of the Sacramento from the mouth of Chico Creek to the mouth of
American River gradually diminishes from 1.5 feet to 0.3 foot per mile. That of the Feather
from Burts Ferry to the junction with the Sacramento gradually decreases from 1.5 feet to

1 foot per mile.
YUBA RIVER.

The greatest changes due to mining débris have been wrought in the lower course of
Yuba River, from Smartsville to Marysville. An immense amount of fine débris has been
spread out on the adjoining plains to a width of 1 to 3 miles, covering an area of 25 square
miles with deposits of fine sand and gravel, rendering much valuable land unfit for cultivation,
and necessitating the protection of the adjacent country by means of levees. The sandy
plains are covered by a dense willow growth, and the stream meanders over them in changing
channels. The grade of the Yuba in the lower stretches ranges from 15 to 5 feet per mile.
Above Deguerre Point, nearer to the foothills, the grade reaches 20 feet per mile.

BEAR RIVER.

The conditions on Bear River between the foothills and its junction with the Feather
near Nicolaus are similar to those on the Yuba, except that the area covered by mining débris
is not quite so large. Between the Bear and the American a number of smaller watercourses,
among which the principal are Coon Creek, Auburn Ravine, and Dry Creek, make their way
across the plain in a westerly to southwesterly direction and finally lose themselves in the low

basin east of the Sacramento.
AMERICAN RIVER.

American River, on emerging from the foothills, takes a southwesterly course, which it
follows to a point near Sacramento, where it turns to a west-northwesterly direction; it joins
the Sacramento a short distance north of the city. The river has a considerable grade and
for the larger part of its course is well confined between its banks. Only near its mouth is
. there any danger of overflow, and that chiefly in the immediate vicinity of Sacramento. Sandy
mining débris has filled the channel to a depth of about 10 feet near Sacramento, but the loss
of valuable land by overflow is very much less than on the Yuba and the Bear.

SACRAMENTO VALLEY.

The monotonous surface of the alluvial plains of the Sacramento Valley is scarcely broken
by any recognizable relief; the lowest depressions are covered with swamp grass and tule,
among which are tortuous sloughs and sheets of standing water, widening in flood times to
vast lakes. The only sharply salient features are the river banks of sand and clay, from a few:
feet to 20 feet high. The valley floor is the gently sloping surface of a Pleistocene lake bot-
tom, only recently drained by constructive processes. The rivers are at their base-level and in
their sluggish courses deposit the loads of sand and clay brought down from the mountains,
corrade their banks, and endeavor to establish new and changing channels.

1 Report to Legislature of California, 1880, pt. 2, p. 30.
88337°—No. 73—11——2
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TRIBUTARIES OF SAN JOAQUIN RIVER.

The general level of the San Joaquin Valley rises more rapidly toward the south than
that of the Sacramento to the north, and this steeper grade finds expression in the lower
reaches of the tributaries to San Joaquin River. In order from north to south these tribu-
taries are the Cosumnes, Mokelumne, Calaveras, Stanislaus, Tuolumne, and Merced. The
following description is quoted from a report by Lieut. A. H. Payson:?

On each there is one point where the canyon proper abruptly ends and the valley begins. Below the canyon,
while the undulations of the foothills continue, the upland banks, though sometimes approaching each other in
points, are generally separated by a wide stretch of fertile bottom, until finally this distinction disappears and both
become merged in the general level of the plain. The slopes will meantime vary from 2 or 3 feet pér mile in the
plain to 8 and 10 feet at the entrance to the canyon, thence increasing rapidly in the first few miles to 20 or 30 or
even 40 feet.

As we go south and the average height of the main San Joaquin Valley increases we find that its tributaries have
worn for themselves deeper notches in the country; the banks are higher and narrower, while above them will be
a second and sometimes even a third terrace of older origin and coarser material.

Crossing the plain parallel to the San Joaquin and 10 or 15 miles east of it, the courses of the Cosumnes, Mokel-
umne, Dry Creek, and Calaveras are marked by a line of growth in the otherwise treeless distance, while on approach-
ing the Stanislaus, Tuolumne, or Merced nothing is seen of the river until just at its edge, whence its valley is looked
down into from bluffs 80 to 150 feet in height, and on the two last named this peculiarity is preserved nearly through-
out their length. & i

The three southern streams fall directly into the San Joaquin in its upper course, to the detriment of the most
critical part of its navigation, while the others have their outlet through a network of tidal arms in low tule lands, and
are thus given a place of harmless deposit for much of their sedimentary load when spread out in times of flood.

Before the destructive effects of gravel mining had made themselves felt in these valleys, the streams, per-
fectly clear in low stages, were between high and solid banks grown with large timber, and though these were over-
flowed in exceptional seasons, the floods staid but a short time on the land and were of benefit rather than harm.
The soil was a black loam and very rich. The first and greatest of the changes came during the extraordinary flood
of 1861-62. In that winter immense masses of detritus, the result of 10 years and more of mining, were swept down
along the rivers, their beds were choked and raised, their banks torn out to excessive widths, and large areas of good
land ruined from being thickly overlaid by sand and gravel.

But all the rivers have not been equally affected. The Cosumnes is now by far the worst of the southern
streams, though even on it the destruction does not approach in magnitude that on the Yuba and the Bear. Its bed
at the mouth of the canyon has been substantially obliterated, the deposits being nearly level with the banks, and
below for several miles has been torn out to five and six times its normal width and choked with sand and gravel. The
filling of its bed is estimated at 6 feet 8 miles above the Southern Pacific Railway crossing, 15 feet at a point 17
miles above, and 20 feet at the entrance to the canyon.

Next to the Cosumnes in order of damage comes the Calaveras, and although here the ill effects are not so
marked just now, it is the most threatened from the present choked condition of its own and tributary canyons.

The most important of the rivers considered is the Tuolumne, formerly itself navigable for some 15 miles above
the mouth. It empties into the San Joaquin below and near the head of its navigation, upon which it immediately
produces a marked and prejudicial effect. Though badly filled, probably 15 feet, at its exit from the canyon, and
much spread out for 10 or 12 miles below, its bed soon gets between high and well-defined banks.

The Stanislaus, though the deep places in its bed have been filled up to a uniform grade and its channel way
considerably widened for some 10 miles, has not been appreciably raised in low-water level at Knights Ferry, in the
foot of the canyon; its water is quite clear in low stages, and its banks seldom overflowed in floods, and then only
for very short periods.

The same description will apply to the Mokelumne, but its bed has probably been raised 5 or 6 feet at Lancha
Plana, and its floods are more frequent and spread over wider and more valuable tracts of bottom land.

QUANTITY OF MINING DEBRIS.
By G. K. GILBERT. 2

The belt of hydraulic mining in the Sierra Nevada traverses the drainage basins of a series
of streams tributary to the Sacramento and the San Joaquin. On the tributaries of the San
Joaquin the quantities were relatively small—so small as to produce little or no effect on the
navigability of the rivers. On Feather River proper the mining operations were more extensive,

! Payson, A. H., Mendell, G. H., Report upon a project to protect the navigable waters of California from the effects of hydraulic mining:
House Ex. Doc. 98, 47th Cong., 1st sess., 1882, pp. 47-48.

2 During the last few years Mr. G. K. Gilbert has undertaken, under the direction of the United States Geological Survey, a long series of
experiments on the transportation of débris by running waters. It is hoped that these examinations will throw more light on the movement of
débris in the rivers and make it possible to control the débris more effectively. Mr. Gilbert has, in connection with this work, made some detailed
surveys of the old hydraulic excavations and has generously permitted the publication of the results in this report.
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but still small as compared to those on the Yuba, the Bear, and the American. Of the quantity
of material excavated in the basins of those three rivers a number of estimates have been made,
the estimated amount varying through a wide range. The latest of these estimates which make
use of first-hand data is given in the report of a board of Army engineers headed by Lieut. Col.
W. H. H. Benyaurd, which is contained in the annual report of the Chief of Engineers, United
States Army, for the fiscal year ending June 30, 1891. It is made by F. C. Turner, assistant
engineer, and applies to the year 1890. For the present purpose this estimate is the most avail-
able, especially as it was made some years after the stoppage of general hydraulic mining,
whereas a number of the earlier estimates were made during the progress of the mining. It
constitutes part of the report of a detailed reconnaissance of the region of hydraulic mining, in
which a large body of valuable data were accumulated. The method of making the estimate
is not stated by Mr. Turner, but may be assumed to have been indicated in general terms in
the following passage from the report of the board:

The usual manner of estimating the amount of material moved is to determine the amount of water used in miner’s
inches and assign a duty to the inch. This, however, varies in different localities, in some places being as low as 2,000
and in others as high as 2,600 cubic feet in 24 hours. In the usual determination the quantity is taken at 2,230 cubic
feet in that time. The duty depends upon the quantity of water used, the pressure, the character of the material
washed, and the grade and size of the sluices; character of material and grade are the ruling elements. With heavy
material the duty may be as low as 1.5 to 2 cubic yards and with light material as high as 10 cubic yards per inch.
Instances are quoted in the report of the State mineralogist for 1889 where, with increased grade of sluices (12 and
18 inch grades), the duty attained was 24 and 36 yards, respectively. The usual calculations are upon a basis of 3%

cubic yards. It will therefore be seen that great variations must exist in the estimates of amount of material that has
already been mined out.

Impressed by the uncertainty of this mode of estimation, in which no engineer appears to
have reposed great confidence, I undertook to check it by an independent estimate based on
an entirely different procedure, namely, the measurement of the cubic contents of the cavities
produced by the excavation. This work was carried on in the spring and autumn of 1908, and
after a few preliminary experiments the following method was adopted and followed:

The surveying instruments were a plane table and a stadiarod. With these a traverse was
run through the bottom of each cavity or along its edge, and where the area was large a traverse
circuit was completed. From the stations of the traverse numerous points were determined
by stadia and others by angulation, the position and altitude of each being fixed. A complete
sketch was made of the rim or outer margin of the excavation, and for a short distance outside
the rim the ground was contoured. The scale adopted was 200 feet to 1 inch and the contour
interval was 20 feet. After the completion of the field work the contours of the ground previous
to the excavation were restored by estimate, use being made of the determined contours outside
the rim and of the determined courses of drainage lines outside the rim. With the aid of these
restored contours and the determined points within the area of excavation, a series of cross
sections were constructed, and from these the volume of the excavation was computed.

The precision of this method can not be definitely stated, as there were no absolute checks
on the accuracy of the restored contours and the data controlling the restoration varied in
cogency through a considerable range. In the opinion of the writer, who was also the surveyor,
the general accuracy is such that the grand totals are true within 10 per cent, although
many individual measurements have a lower precision. [The appearance of some of the
hydraulic mines, the tailings accumulated, and the method of mining are shown in Plates II
and TIT.—W. L.] ,

The work was not carried on through the entire hydraulic district, but comparison with
the Turner estimate indicates that it covered about four-fifths of the excavation in the basin
of Yuba River and three-sevenths of the total excavation of Yuba, Bear, and American rivers.
The following table gives the results in some detail and also compares them, so far as practi-
cable, with the items of the Turner estimate. The difference in method of estimate led to a
dlfference in the classification of the excavations, so that the comparison can not be refined,
but it serves, nevertheless, as an effective check on the Turner estimate.
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Volume of hydraulic excavation in part of the Yuba basin, as estimated by G. K. Gilbert in 1908 and by F. C. Turner in

1889-90.
Volume, in thou-
District, mine, or locality. ’ sands of cubic
yards.
1908 1889-90 1908 | 1880-00
Camptonville (7,100), Youngs Hill (7,500), Galena Hill (4,400), | Willow Creek (5,800+), Camptonville and vicinity (1,500).| 22,000 7,300
Weeds Point (3,000).
Inglan BHIL gt o el s e s R e S e T 0Tt iy 2 51 ) PR b IS BRI T S S I 7,800 4,500
Moores Flat (21,000), Orleans Flat (3,400), Snow Point (3,900)...| Moores Flat, Orleans Flat, and Snow Point...... -.| 28,300 26, 000
........................................ 20, 700 4,100

Woolsey Flat........ S R Al B A AT U e R Woolsey Flat
Badger Hill and English Co :

.| Badger Hill and Cherokee (10,000), English Co. (7,000). 22, 600 17, 000
North Bloomfield (main pit, 64,400; minor pits, 13,600)

North Bloomfield (29,000), Last Chance, Porter, etc. (3,000).| 78,000 32,000

Nogh golm)nbia (main pit, 89,500; Howleys, Ohio, Neversweat, | Columbia Hill (20,0004-20,000). . .. .. ... "oeeeeeeeaasamnnnnns 92, 060 40, 000
ete., 2,560). y

Union Gravel..o.............. Wnlon Grayelsess . ool ¢ . L. S e R N 9,100 10, 000
Yuba (Grizzly).......... (605 0277 i 2 611 e oD RPN R A= L 1,400 1,000
Paterson and vicinity....... .| Paterson claims (5,000), Montezuma Hill (500) 7,800 5, 500

North San Juan (25,350), Manzanita and American

North 8an Juan and part American (20,000+500), Sweet- 95,950 80, 500

Bed Rock (10,050), Buckeye (12,650). }%d C)reek, Birchville,.Manzanita, and part American
,000).

Esperance (sl IImey .. o e i Esperance 3, 500
Freneh Corralziviai.. 0L French Corral b 16, 050
Ciraon. 0 O S dOmega . oy s e e R A S .| 22,700
Alpha and vicinity.......... ..| Alpha (5,000), Place, Merrill, etC............ xL 9,000
Sailor Flat and Blue Tent... | Ballor Flatand Blus Pentec sl o sl .| 46,200
Cement HHIL (T 20 o ol S S T ..| Nevada City, Cement Hill.................. o 1,800
Rough and Ready, Randolph Hill and vicinity Rough and Ready, Randolph Hill b 910
Negada) City (Manzanita or Sugar Loaf) (6,000), Hirschman, etc. | Nevada City, Sugar Loaf..... s A E . e S 12, 400

(6,400). :
Murchies, McCutcheon, Charonnat, ete.................ooooon... Muirchies; Gold Rinketietiaf. o0 v o o B sdg 5 o 2,100
Scotts Flat o2 B R L R R e Sl e B S i R ..| 18,600
Smartsville and Timbuctoo (24,460), Mooney Flat (3,800). . ..| Smartsville, Timbuctoo, and Mooney Flat. . :
Sicard Flat ..| Sicard Flat 3,030
Depop Hills . oo Sy ol Gl SO i i R o o e s e 3,900
Railroad Hill 2,700 |.
2 miles west of Parks Bar Bridg 320 |.

Py Eanies L2 S s B 40 |.
2 miles west of Grass Valley. 30

Total 557,250 368, 950
Peveontapre (i e ol Sl et e 1.51 1.00

Examination of the table shows that a few of the earlier estimates are higher than the
later, but the majority fall below, and the new general totals exceed the earlier by 51 per cent.
The difference is in part explained by the fact that some mining took place in the interval
between 1890 and 1908. A number of mines were worked for short periods or in a small way
under permits from the débris commission, and there was some surreptitious work without
permits. During the surveys in 1908 it was easy to see that certain parts of the excavations,
on which a young forest growth had sprung up, were of early date, and that other parts, still
bare of vegetation, were relatively recent, but it was not practicable either to infer dates with
approximate accuracy or to estimate separately the more recent work. It is believed, however,
that the work subsequent to 1890 can account for only a small portion of the discrepancy
between the two estimates and that the greater part of the 51 per cent of difference inheres
in the methods of estimation and the data employed. Assuming the substantial accuracy of
the later estimate, and assuming further that the ratio of difference derived from the totals of
the table may be applied as a correction to the other portions of the Turner estimate, I have
deduced revised estimates for the total hydraulic excavation in the combined Yuba, Bear,
and American basins. Turner’s summary is as follows:

Material excavated by hydraulic mining in the basins-of Yuba, Bear, and American rivers.

Cubic yards.
G T R e e s L ettt G0 SNSRI G A s I 452, 690, 000
Bedt-River, . ohl i Reytpi i s o r it de s S ionaele sl Ual LR U T ‘... 234,650,000
Ameriesn Biver. dtgeab bl b s b e ool S ce A et e Mt A s N 170, 330, 000
857, 670, 000

The application of the ratio 1.51 to these quantities yields for the Yuba Basin 684,000,000
cubic yards, for the Bear 354,000,000 yards, and for the American 257,000,000 yards. The
values thus derived have been adopted for the Yuba and American basins but have not proved
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A. MANZANITA HYDRAULIC MINE, NEAR SWEETLAND, NEVADA COUNTY.
Bedrock is granodiorite. Photograph by G. K. Gilbert. See page 123.

L. MOORES FLAT HYDRAULIC MINE, NEVADA COUNTY.
Photograph by G. K. Gilbert. See page 141.
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A. HYDRAULIC OPERATIONS AT NORTH COLUMBIA, NEVADA COUNTY.
Photograph by J. C. Hawver. See page 139.

B. HYDRAULIC DIGGINGS AT NORTH COLUMBIA, NEVADA COUNTY.
Showing banks of accumulated tailings. Photograph by J. C. Hawver. See page 130.
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satisfactory for the basin of the Bear. The quantity of mining débris accumulated in the
canyons of the Bear and its tributaries has twice been estimated with more care than was
bestowed on similar deposits along the other rivers, and something is known also of the volume
of the river’s piedmont deposit. When these estimates are considered in connection with the
small discharge of the Bear and other factors affecting the ratio of the local arrest of débris to
the total output of the mines, good reason is found to regard the estimate of 354,000,000 yards
as excessive. As all the quantities involved in the discrepancy were subject to considerable
uncertainty the adjustment was of the nature of a compromise and the share assigned to the
output of débris was 100,000,000 yards, reducing the estimate to 254,000,000 yards.

The only other stream to receive mining débris and convey it eventually to the Sacra-
mento is the main branch of the Feather. Turner’s estimates do not include the mines of its
basin, and my own observations covered but a small area. In the report of the State engineer
of California, Wm. Ham. Hall, for 1880, pages 23-24, estimates are made for the ‘‘water used -
and material washed out per annum” for the several river basins of the Sierra from the Ameri-
can northward. For the basin of the Feather the estimate of material washed is 12,687,500
cubic yards, and the sum of the estimates for the Yuba, Bear, and American is 36,480,500
cubic yards. Lieut. Col. Mendell makes a similar estimate for the year 1880,' in which the
corresponding figures are 4,407,770 and 31,070,094. Mendell also gives with full detail the
assessors’ returns of the water used in mining. Hall and Mendell both qualify their estimates—
Hall because his data were incomplete and Mendell because the method used was unsatisfac-
tory. In 1881 the canyons and mining regions of the Feather and Yuba were inspected by
Marsden Manson, and his report ? tends to discredit the estimates.based on assessors’ returns.
He found that much of the water ascribed to hydraulic mining was actually used in drifting
and quartz mining and in other ways not involving the handling of large quantities of earth.

Disregarding for the moment Manson’s implied criticism, accepting the estimates of Hall
and Mendell, and assuming further that the total output of débris for the several basins for the
whole period of hydraulic mining was proportional to the annual output, I have made two
computations of the total output of the Feather. The figures quoted from Hall's table give
366,200,000 yards and the figures from Mendell’s table 186,600,000 yards. Various details
reported by Manson and Turner, as well as data from other sources, indicate the probability
that both these figures are excessive. On the other hand, a minimum estimate is suggested
by the volume of the piedmont deposit of the Feather, which occupies the river bed between
Oroville and Marysville. Hall estimated this, from surveys probably made in 1879, at 18,257,000
yards,® and the observations of Turner indicate that only moderate additions were made in
the following decade. The suggested minimum is 40,000,000 yards, and this might serve as a
practical estimate, so far as conditions of the lower river are concerned; but it would probably
not be coordinate with the estimates for the other basins, which aim to show the full extent of
the exploitation of the auriferous deposits. According to Manson the tailings from the greatest
operations were chiefly lodged in a permanent way in the American Valley, an opening in the
heart of the mountains. Between the limits 40,000,000 and 186,000,000 the value of 100,000,000
yards is arbitrarily chosen. Adding the estimate for the Feather Basin to that for the three
basins farther south gives a total of 1,295,000,000 cubic yards as the output of the hydraulic
mines on streams whose waters join the Sacramento.

TERRANES OF THE EASTERN BORDER OF THE VALLEY.
GENERAL FEATURES.

Between the alluvium of the central valley and the first bedrock hills of the Sierra Nevada
there lies, with flat westward dip, a series of formations ranging in age from the late Cretaceous
deposits to those of the present time. Their occurrence and interrelations enable the observer
to deduce with considerable certainty the geologic history of the western foot of the range.

1 Rept. Chief Eng. U. S. Army, 1881, pp. 24862487, 2494-2501. 2 Rept. Chief Eng. U. 8. Army, 1882, pp. 2604-2612.
3 Rept. State Engineer, 1880, p. 11.
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One of the first generalizations to be drawn from their study is that the intense diastrophism
of the Coast Range in Cretaceous and post-Cretaceous time was represented at the edge of the
massive crust block of the Sierra only by faint pulsations; almost their only expression is
found in the evidence of a long series of advances and retreats of the shore line, some more
prominent, others very slight, all recorded faithfully by the overlapping formations.

Gently, as a rule almost imperceptibly, the older formations emerge from the overlapping
alluvium. The ground rises in gentle swells to softly undulating hills with fine gravelly soil;
the little watercourses are definitely marked with steeper grades and deeper trenches. The
erosive power is still slight, but the tendency to lateral corrosion and consequent enlargement
of the flood plain is very pronounced. The older Quaternary deposits of gravel, clay, and sand
are being more or less slowly dissected during the process of degradation to a base-level about
350 feet below the old one. At some places a regular and slight slope of Pleistocene gravels
reaches up to the foothills. Elsewhere long embayments of alluvium may extend up toward
the first outcrops of the bedrock series and from these depressions the earlier deposits are
attacked with more vigor, producing a complex of flat-topped hills.

CHICO FORMATION.

The Shasta series, or Lower Cretaceous, is entirely lacking along the valley border. The
Chico formation (Upper Cretaceous) is represented abundantly in Butte County, in the north-
ern part of the Sacramento Valley, but is almost wholly lacking along the valley south of parallel.
39° 30’. The elevation at which the formation occurs gradually diminishes toward the south.
The Chico wherever found rests directly and unconformably on the pre-Cretaceous bedrock
This indicates either that a period of erosion intervened between the Shasta and the Chico, or
perhaps rather that the shore line during the Shasta epoch was located considerably west of
the line of the foothills. The geologic history of the valley border may thus be assumed to begin
with the Chico transgression. :

The Chico formation occurs at two localities in the vicinity of Folsom, in the latitude of
Sacramento; both are noted by Whitney,! who also mentions several other localities, but
during the geologic mapping of the Sacramento quadrangle only these two could be established
beyond doubt. Fossils characteristic of the Chico have been collected in both localities.? At
one—Rock Corral, 3 miles north-northwest of Folsom—the strata rest upon the granitic
rocks, emerging at that point from the covering formation of the Great Valley. At this place
a well was sunk about 30 years ago to a depth of 120 feet. The fossils were found at a depth
of 43 feet in sandstone and constitute a typical Chico fauna. The exposures are poor, but in
a small trench in the decomposed surface material at this place the writer succeeded in finding
imperfect casts of shells that are probably referable to the Chico. The exact extent of the
Chico. on the surface is a matter of much doubt. For a mile south of the Rock Corral locality
there is between the Pleistocene and the granite an area covered by white clay or sandy clay.

- This material immediately underlies the andesites and gravels between Rock Corral and Folsom
and is shown also under the andesite opposite Folsom and under the Orange Vale bluff; in this
terrane no fossils have been found, and from its position and general character it is believed to
belong to the Tone formation (Miocene). _

At Folsom, where American River, emerging from the foothills, has cut down about 100
feet through Pleistocene and Neocene deposits and deposited large amounts of late Pleistocene
gravels, another body of Chico rocks is exposed. It is on the north bank of the river one-
fourth mile below the suspension bridge and is or was covered by heavy Pleistocene gravel,
now largely removed by mining processes. The Chico beds lie in the middle of the old diggings
on the first outerops of bedrock visible along the river, only a few feet above the water. About
10 or 12 feet of soft white clay and greenish clayey sandstone, with abundant coaly particles
and indistinct vegetable remains, are shown in the exposures, the beds dipping gently westward.

1 Whitney, J. D., Geological Survey ot California, Geology, vol. 1.
2 For lists of fossils see Turner, H. W., The rocks of the Sierra Nevada: Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1894, pp. 458—461.
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On the bedrock is a little fine greenish, well-cemented metamorphic and quartz gravel, which
at the time of visit was being mined from small shafts and washed for gold.

Slight as these exposures are, there is still in their position some indication of the character
of the surface over which the Chico transgression extended. At Rock Corral, where the Cre-
taceous attains an elevation of 300 feet, the granite rises 150 feet in a distance of 2,000 feet
toward the north. At Folsom the small remnant of the Chico lies in a distinct old depression
150 feet above the sea, the rim to the northeast rising several hundred feet in less than a mile.
The auriferous gravel underlying the beds points to a watercourse antedating the Chico. It
appears permissible to draw the conclusion that the Chico was laid down on an uneven surface
with a relief at least as prominent as the first emerging foothills show to-day. The Chico trans-
gression moved the shore line eastward at least as far as the 300-foot contour.

The next exposure of the Chico is at Pentz, in Butte County, north of Table Mountain.*
A few miles farther north this formation is well exposed in the deeper creek trenches, particu-
larly near Mineral Slide, on Little Butte Creek; at Centerville, on Big Butte Creek; and in the
canyon of Chico Creek above the town of Chico (P XVI, B,p.88). Thesandstones of the Chico
formation rest with very gentle westerly dip on the eroded surface of the ‘‘Bedrock series,”
here consisting of slates or greenstones, and are covered with slight unconformity by shore or
flood-plain gravel which in turn underlies heavy beds of andesitic tuffs. The contact of the
Chico and the “ Bedrock series” lies here at an elevation of 1,000 to 1,500 feet. Somewhat
farther north, along Deer Creek, just over the line in Tehama County, another exposure of
Chico is found at an elevation of 2,000 feet,? Thirty miles farther north, in the southern part
of Shasta County, the exposures of Chico rocks, surrounded by Tertiary beds, attain an eleva-
tion of 3,000 feet. So far as can be told from the scattered exposures, the Chico rises grad-
ually from an elevation of 300 feet in Sacramento County to one of 3,000 feet in southern Shasta
County, but it is not safe to say that this is due entirely to differential elevation for an epoch
of erosion intervened between the Chico and the Miocene, and it is quite possible that much of
the Cretaceous toward the south has been carried away. '

TEJON FORMATION.

In the Marysville Buttes, in the center of the Sacramento Valley, several hundred feet of
marine Eocene beds (Tejon formation) are exposed? uplifted by volcanic.agencies and con-
sisting of greenish sands and shales containing an abundance of characteristic fossils, such as
Trochosmilia striata and Cardita planicosta.

Along the base of the Sierra Nevada the Tejon has been found at only one point, on Merced
River 1 mile south of Merced Falls, in Mariposa and Merced counties.* Here several small
flat-topped buttes of sandstone with characteristic marine fossils rest directly and almost hori-
zontally on the nearly vertical Mariposa slates at elevations of 500 to 600 feet, the top of the
sandstones reaching to 800 feet. At this place Merced River emerges from its canyon, which
is here only from 200 to 300 feet deep. Immediately east of this point the first greenstone
ridges of the Sierra rise to elevations of 1,000 feet. To the west the Miocene (Ione formation)
overlies the Tejon formation with unconformity.

All this shows plainly that the relief of the foothills in Eocene time differed little from that
of the later part of the Tertiary period. As no rocks belonging to the Tejon formation underlie
the Tone in similar situations north of Merced River, it is probable that an epoch of erosion
intervened between the Eocene and the Miocene, and that during that interval the shore line
retreated a considerable distance westward. Certain of the lower auriferous gravels in the old
river bed near the valley border are probably of Eocene age; the stream gravels on the bedrock
at the lowest points in the Miocene courses of American and Yuba rivers are considerably
lower than the top of the Ione formation.

1 Turner, H. W., The rocks of the Sierra Nevada: Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1894, pp. 458-461.
2 Diller, J. S., Lassen Peak folio (No. 15), Geol. Atlas U. 8., U. 8. Geol. Survey, 1895.

8 Lindgren, Waldemar, Marysville folio (No. 17), Geol. Atlas U. 8., U. 8. Geol. Survey, 1895.

4 Turner, H. W., and Ransome, F. L., Sonora folio (No. 41), Geol. Atlas U. 8., U. 8. Geol. Survey, 1897.
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IONE FORMATION.
DEFINITION.

During the Miocene period and contemporaneously with the accumulation of the later pre-
volcanic gravels on the slopes of the Sierra N evada there was deposited in the gulf then occupy-
ing the Great Valley a sedimentary series of clays and sands to which the name Ione formation
has been given. The water in this gulf was probably brackish; no marine fossils have been
found in the Ione formation along the foot of the range, but fossil leaves, vegetable material,
and, in places, coal are abundant. At the mouth of the rivers which descended from the Ter-
tiary Sierra Nevada extensive delta deposits were accumulated, and it is thus difficult in many
places to draw any exact line between the I%e formation and the river gravels proper. The
gravels in the formation are locally auriferous, though generally poor, because spread over
large areas. :

The lowest and oldest Tertiary auriferous gravels lie in troughs over which the Ione forma-
tion has transgressed, in places at depths of more than 500 feet. At many localities the sand-
stones and clays of the formation merge directly into the upper river gravels of the so-called
benches. On the other hand, the thick gravels of the rhyolitic period are distinctly later than
the Ione formation. Turner has shown that in the Jackson quadrangle extensive shore or delta
gravels of interrhyolitic age rest on the eroded surface of the Ione. (See Pl. XTI, B, p. 72).
The Ione formation belongs to the late Tertiary and is believed to be of Miocene age.

The greatest thickness of the formation measured is in Calaveras County in the Jackson
quadrangle, where Turner has determined it to be about 1,000 feet. Post-Ione erosion has
removed the formation entirely over large areas.

DISTRIBUTION.

The most northerly exposures of the Tone, north of the Sierra N evada, have been observed
by Diller on Little Cow Creek and Pit River in the northwest corner of the Lassen Peak
quadrangle, Shasta County. The clays and sands are here directly overlain by andesitic tuffs
and rest on metamorphosed slates of Jurassic or Triassic age at an elevation of about 2,000 feet.
South of this locality few exposures are seen until the Oroville Table Mountain is reached, a
distance of nearly 100 miles. At this place a capping of basalt, somewhat earlier than the
andesitic flows, has preserved the Ione intact. The formation here consists of fine gravels,
white clays, and sands, and reaches to elevations of about 1,200 feet. (See Pl. IV, B; fig. 4,
p- 86; and fig. 5, p. 90.) With insignificant exceptions, no further exposures occur between this
point and Lincoln, in Placer County, where some white clays are preserved underneath a cap-
ping of andesitic tuff in the midst of Quaternary gravels and a few miles west of the first out-
crops of the pre-Cretaceous rocks, usually referred to by the collective name “ Bedrock series.”

About 40 miles northwest of Lincoln, in the late Tertiary andesitic voleano of Marysville
Buttes, clays, sands, and gravels of Miocene age have been brought up by the intrusion of igne-
ous bodies and, although they are so much disturbed that the stratigraphic sequence can not
be made out, there is strong probability that these strata should be identified with the Ione.
They contain marine fossils associated with impressions of deciduous leaves, and the gravels
contain some gold.

South of Lincoln the Ione formation is better exposed because it has been protected by
andesitic tuff, but it does not reach a higher elevation than about 200 feet. South of American
River the outcrops are more extensive, and the formation attains its greatest development in
~ the foothills of Calaveras County. The lower part, consisting of white clay and sand, reaches a
thickness of 860 feet or more and contains beds of lignite of poor quality. Above this rests
a white sandstone which attains a thickness of 100 feet or more. A clay bed, also of light color,
100 feet thick, overlies this sandstone. Near Valley Springs the Ione attains elevations of 1,000
feet, and its highest members are probably several hundred feet above the deepest gravels of
the Tertiary Calaveras River, which here debouches into the plains but which is not visible in
this vicinity.
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A. LOWEST BED OF COARSE AND BOWLDERY GOLD-BEARING GRAVEL
AT CHEROKEE MINE, BUTTE COUNTY.

Photograph by Waldemar Lindgren. See page 86.

B. HYDRAULIC MINE AT CHEROKEE, BUTTE COUNTY.
Photograph by J. S. Diller. See page 86.
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JIn front of the Gopher Ridge, a mass of greenstone rising abruptly in front of the bare
foothills, the formation lies at elevations of 500 feet. About 25 miles to the south the forma-
tion lies in a similar position and rests against greenstone or Jurassic slate at the same elevation.
Just south of Merced Falls, in the southwestern part of the Sonora quadrangle, the Ione for-
mation overlies with slight unconformity the marine Eocene sandstones, of which but few
exposures are preserved. .

From all this it appears that during the later part of the prevolcanic gravel period the Tone
formation transgressed along the whole front of the Sierra to a present elevation of somewhat
more than 1,000 feet. So far as can be judged from the present exposures there has been little
differential elevation along the front of the range since the time of the deposition of the forma-
tion. In other words, the fluctuations of the shore line are now indicated by horizontal lines
at least between the Oroville Table Mountain and the foothills of Calaveras County.

POST-IONE EROSION.

The extent of the erosion which followed immediately after the deposition of the Ione
formation along the foothills was greater than would be supposed from a study of the deposits
in the rivers higher up in the range. The sequence is particularly well shown around the Oro-
ville Table Mountain and in the foothills of Calaveras County. At the former place the andes-
itic tuffs (Tuscan tuff of Diller), which in Placer County appear to overlie the Ione formation
conformably, are at least 500 feet below its top members. At the mouth of the old Yuba River
there is a conspicuous absence of the Tone formation and the andesitic tuffs rest immediately
on the bedrock, at elevations as low as 200 feet, and in the old river channel lie immediately
above the heavy gravels, which are presumably of Eocene age. At this locality no extensive
mud flows of rhyolitic character appear to have reached the valley, although they are abun-
dantly present in the longitudinal basin which begins at North Columbia, Nevada County, 15
miles east. At the mouth of the Tertiary Calaveras River, on the other hand, shore gravels or
delta gravels spread out up to a present level of 500 feet, and these gravels rest on the gently
eroded surface of the Ione formation.

These interrhyolitic gravels were again subjected to some erosion; immediately after this
followed the prolonged epoch of andesitic flows. The tuffs which were spread over a large part
of the Sierra Nevada were worked over by the rivers and spread as thick masses of volcanic
gravels and sands over the eroded surface of the Ione formation and the interrhyolitic gravels.

VOLCANIC FORMATIONS ALONG THE VALLEY BORDER.

The Tertiary volcanic rocks along the valley border comprise rhyolite, andesite, latite, and
basalt. Few of these flows originated at the place where they are now found. Most of them
were derived from volcanic vents in the higher part of the Sierra and flowed down the slope,
some of them for distances of 60 miles or more.

RHYOLITE.

During the time of the rhyolitic flows in the upper range some material of this kind undoubt-
edly found its way to the valley along the old river courses, but it is not in a form distinctly
recognizable as rhyolite tuff. At one place only the rhyolite reached the valley border—in the
vicinity of Valley Springs, in Calaveras County, close to the mouth of the ancient Calaveras
River. A few small areas of rhyolitic tuff here overlie the Ione formation at elevations of about
500 feet, and are in turn covered by andesitic tuffs and Quaternary gravels.

ANDESITE.

The andesitic flows that reached the valley are throughout of fragmental character and
consist of a hard, tough, cemented breccia of brown or purplish color, which contains a large
number of pieces of massive andesite. This tough breccia undoubtedly came down from vol-
canoes located high in the range and is not the result of ash showers or fluviatile concentration.
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Associated with these beds are, however, andesitic conglomerates, fine-grained tuffs, and yol-
canic sandstones, which, of course, have been transported from the débris of andesitic areas
higher up in the range.

North of Table Mountain, in Butte County, large areas of andesitic tuffs reach down to the
valley border and, in fact, cover completely the older underlying rocks.

South of Table Mountain, in Yuba and Nevada counties, no andesitesflows reach the valley;
they were apparently prevented by the high greenstone ridges which here formed a barrier
toward the east. The only exception is at Smartsville, where the Tertiary Yuba River broke
through these barriers. Here a thin flow of cemented tough breccia and andesitic conglomerate,
not more than 150 feet thick, covers the prevolcanic gravel. Below Smartsville the andesitic
masses spread out over a large area skirting the foothills for some distance to the south at an
elevation of about 200 feet; they are here not over 50 feet thick, and consist of dark-colored
volcanic conglomerate capped by a thin layer of andesitic breccia. About 25 miles south of
this place, between Lincoln and Folsom, in Placer and Sacramento counties, andesitic rocks
appear along the valley border for a distance of 15 miles; they overlie auriferous gravels or the
Tone formation and are nowhere over 100 feet in thickness; Pleistocene gravels cover the andes-
ite on the west. IExposures at Folsom, for instance, show above the Ione formation 15 feet of
andesitic gravel, 20 feet of fine-grained andesitic tuff, and a capping of 40 feet of hard, tough
breccia. For 30 miles southeast of Folsom, or to Ione, a little town in Amador County, no
volcanic rocks appear, but from Ione southward as far as Merced River, near the southern
boundary of the area described in this report, andesitic detrital rocks form a belt which follows
the foothill region west of the last outcrops of the ‘‘Bedrock series.” These andesitic tuffs
and gravels overlie the Tone formation but are within a short distance covered by the Pleisto-
cene gravels of the rolling foothills of the valley. The beds grade in places into material which
contains few recognizable volcanic fragments. They are well developed, for instance, at Knights
Ferry, on Stanislaus River, where they form flat-topped hills about 200 feet high immediately
in front of the first greenstone ridges of the Sierra Nevada.

BASALT AND LATITE.

Basaltic rocks reach the valley border at two places only. At the Oroville Table Mountain
a basalt flow 300 feet in thickness covers the Tone formation, and small buttes of the same rock
extend for several miles into the valley. It is probable that the basalt was erupted at some
point not far distant from the present flow. There is, indeed, at Cherokee some evidence tend-
~ ing to show that part of it at least was erupted in that immediate vicinity.
On the other hand, the basaltic rock of the Tuolumne Table Mountain, near the south end
of the area discussed, reached the valley as the final part of a narrow flow which originated
_farup in the range, in the vicinity of the Dardanelles. This rock, which contains a considerable
amount of potassium, has been named a latite by Ransome. :

THE TUFFS OF OROVILLE.

Along the foothills from Bear River to Feather River a series of light-colored tuffaceous
rocks are exposed in places, although the formation is generally covered by later Quaternary
gravels or by the red soil of the valley. The first exposures were seen a few miles north of Bear
River, near the south end of an area of andesitic tuff which here spreads out in front of the
most westerly exposures of greenstone. In a bank 20 feet high is shown 8 feet of sandy clay,
which is covered by 4 feet of tuffaceous material containing pumice with small foils of biotite;
this in turn is covered by 9 feet of volcanic sand. These deposits, which are distinetly later than
the andesite mentioned above, are also present along Yuba River a short distance below Browns
Valley, where they form the bedrock of the gravel which is dredged at that point. They also
occur underneath the Quaternary gravel on the rolling bare foothills in front of Browns Valley
Ridge. Similar deposits are seen in exposures 10 or 12 feet high on Honcut Creek; finally near
Oroville they are extensively developed and form the low flat-topped hills which flank the river
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on the south side for a distance of 8 miles below Oroville; these hills are covered by thick Qua-
ternary gravels and gradually merge to the south into the gravelly plains about Palermo. The
tuff extends under the present alluvium of Feather River and forms the bedrock of the area
now worked so extensively by dredging. It is a compact light-brown material, containing in
places pebbles of metamorphic rocks and also small white fragments of pumice which are found
to consist of volcanic glass; locally these fragments are very small and the tuff looks more like
a compact clay. Bore holes 80 feet deep have been sunk in it in the flood plain below Oroville
without finding different material. On the road to Wyandotte from Oroville similar material
outcrops in the low foothills underneath the Quaternary gravel up to elevations of about 400
feet. Benches of such gravel from 30 to 50 feet thick usually cover the tuff, so that as a rule
the only satisfactory exposures are found along the bluffs. The bedrock relations at Oroville
indicate that this series was deposited on the even slope of the older (Neocene) formations,
before the modern canyon of Feather River had been excavated but after the earlier Tone forma-
tion had been greatly eroded. (See fig. 5, p. 90.)

The pumice containing biotite foils which is so common in these tuffs is entirely unknown in
the andesitic flows which descended along the slope of the Sierra Nevada. On the other hand,
acidic eruptive rocks like those contained in the tuffs are present in the extinct volcano of the
Marysville Buttes, which lies in the center of the valley only about 25 miles to the southwest or
west of these tuff areas, and it is confidently believed that the tuffs represent the accumulations
of ash showers from this volcano, especially as the prevailing southwesterly winds would drive
them in just this direction. It is thought that these eruptions took place somewhat later than
the andesitic eruptions of the summit region.

QUATERNARY GRAVELS.

Along the valley border the Neocene terranes are overlain by an extensive series of poorly
consolidated gravels, sands, and clays; the exposures rarely attain 100 feet in height and
usually consist of low bluffs along the river courses and rolling hills between them. A distinet
erosional unconformity separates these beds from the Ione formation, the andesitic flows,
and the tuffs of Oroville. This indicates that before the deposition of the gravels the shore line
had moved farther out into the valley, and this conclusion is confirmed by the fact that gold
has accumulated underneagh the gravel on the surface of the tuffs and the Ione formation
many miles to the west of the present bedrock exposure. After the deposition of the tuff beds
of Oroville there followed, however, a general rise of the base-level which resulted in the depo-
sition of beds of gravel and sand, the gravels predominating. The highest gravels are found
at elevations of 350 to 400 feet. Along the main rivers this epoch of gravel deposition finds
expression in a series of benches, such as those on both. sides of Oroville. The lowest bench
Lies 30 feet above the river at an elevation of 160 feet. Above this there are two broad benches
which have elevations ranging from 340 to 430 feet. The conditions are somewhat similar,
though the benches are less well defined, along Yuba River and Bear River. At the mouth
of the canyon of American River broad benches spread to the north and south at elevations
of 100 to 250 feet.

The Quaternary gravels are in general thoroughly washed and consist mainly of quartzite
and other highly siliceous pebbles. They have probably been formed by the reworking of
older gravels, a process during which the softer focks were entirely disintegrated. According
to Turner these siliceous gravels illustrate in a striking degree the law of the survival of the
fittest. At many places the Quaternary gravels are gold bearing and have been washed with
profit, especially where underlying tuffaceous rocks have proved effective gold catchers.

In many of the folios on the gold belt (see fig. 1, p. 10) the Quaternary gravels have been
considered as having been deposited in a lake, but the probability is that they should rather
be considered of fluviatile origin.

Since the deposition of the flood plains described above the base-level has been lowered
and the rivers, at the edge of the valley, have deepened their canyons, mostly by reexcavating
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old detrital deposits, until their beds now lie about 100 to 250 feet below their old flood plains.
The alluvial deposits of the present rivers are not extensive near the mouths of the canyons,
but a short distance below begin to widen and finally merge into the large alluvial areas of the
Great Valley.

It is assumed that the deposition of the Quaternary bench gravels was contemporaneous
with the main epoch of erosion which excavated the present canyons and that the glacial epoch
which has just closed in the high Sierra corresponded with the deposition of the present alluvium.
During the erosion of the canyons of the range to depths reaching 4,000 feet and the accom-
panying removal of enormous masses of the covering Tertiary volcanic formations an amount
of material has been transported into the valley which far exceeds that moved during the
whole period of the Tertiary auriferous gravels. There is no evidence of this tremendous
mass of detritus in the present valley, for the bench gravels described above can account for
only a small part of it. There are no débris fans in the valley corresponding to those resting
in front of the desert ranges in the Great Basin, for instance. It is difficult to avoid the con-
clusion that the Great Valley has subsided to a corresponding degree since the beginning of
this epoch of erosion. At first glance it looks as if the load had been removed from the range
to the valley which has sunk under its weight.

It has been assumed that the close of the volcanic period marks the close of the Pliocene
and that the erosion of the canyons falls into the early Quaternary, while the glacial epoch
would correspond to the late Quaternary. The paleontologic evidence tends to show, however,
that the voleanic epoch lay within the Miocene, and this would permit the great erosion of
the canyons, the Sierran period of Le Conte, to occupy the time of the Pliocene and the Qua-
ternary. If the close of the volcanic epoch should be removed to the beginning of the Pliocene,
it would give a more adequate length of time for the accomplishment of the gigantic work of
erosion which is manifested in the deep trenches now scoring the flanks of the range.

SUMMARY OF GEOLOGIC EVENTS ALONG THE VALLEY BORDER.

The geologic history of the valley border from late Cretaceous time to the present day
may be summed up briefly as follows:

. Pre-Chico (late Cretaceous) erosion.
Chico transgression. Shore line moves eastward to present elevations of 300 to 2,000 feet.
Post-Chico erosion. Shore line moves west of present valley border.
Tejon (Eocene) transgression. Shore line moves eastward at least to present elevations of 800 feet,
Post-Tejon erosion. Shore line moves west of present valley border.
- Ione (Miocene) transgression. Shore line moves eastward to present elevations of 1,000 or 1,200 feet.
. Post-Ione erosion.
. Deposition of interrhyolitic shore gravels.
9. Postrhyolitic erosion.
10. Deposition of interandesitic shore gravels.
11. Deposition of volcanic ash beds of Qroville. :
12. Important period of erosion (Pliocene and Quaternary)—Sierran period of Le Conte. Excavation of canyons of
the range.
(@) Shore line retires permanently west of the valley border.
(b) Deposition of extensive fluviatile gravel beds up to elevations of 450 feet.
(c) Deepening of stream beds along valley border by 100 to 300 feet.
(d) Deposition of lower bench gravels.
(e) Deposition of present alluvium.

e o
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THE SIERRA NEVADA.
TERTIARY RIVER GRAVELS AND VOLCANIC ROCKS.

Accumulations of gravel are found along almost all the Tertiary river channels now exposed
by erosion along the slope of the range. The only exceptions to this rule are the upper parts
of the stream courses near the present divide, where the grade evidently became too steep
for the accumulation of such.detrital deposits. The areal extent of the gravels, as shown on a
geologic map, would not be large. Except those at a few places along the deep longitudinal
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depression which existed on the middle slopes between Forest Hill, in Placer County, and
North Bloomfield, in Nevada County, the areas would not show prominently on a map of small
scale such as Plate I (in pocket). The andesitic and rhyolitic flows cover the largest parts of
the gravels.

The Tertiary deposits comprise several epochs which are distinguished in the following
paragraphs. (See also fig. 2.)

PREVOLCANIC DEPOSITS.

Deep gravels.—The deepest trough-shaped depressions (Pl. V, B) in the drainage basin
of the Tertiary Yuba River are usually filled to a depth of 50 to 200 feet by coarse gravels which
ordinarily have been cemented so that they can not be readily washed without previous crushing.
In the main channels the pebbles are large and well rounded. They range in size up to cobble-
stones and even bowlders several feet in diameter (see P1. XX, B, p. 144), but all of them, unless
subsequently decomposed have a smooth or polished surface. They consist mainly of the
rocks of the older series; quartz forms a part of the pebbles but rarely predominates. There
is no clay and the cementing material between the pebbles consists of coarse sand. The coarse
and bowldery character of these lower gravels is especially emphasized in the smaller streams
or in places where the large stream beds contract in passing through bars of hard rock. Con-
spicuous examples of such conditions are furnished by the Cherokee mine, in Butte County,
and the Polar Star mine, in Placer County. The deposits evidently originated in a stream of
fairly strong grade and large volume. In the southern Tertiary rivers—for instance, that
finding its outlet from Vallecito to Valley Springs, in Calaveras County—the deep gravels are
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FIGURE 2.—Schematic representation of the four principal epochs of Tertiary gravels in the Sierra Nevada. a, Deep gravels (Eocene); b, bench
gravels (Miocene); ¢, rhyolitic tuffs and interrhyolitic channel; d, andesitic tuffs and intervolcanic channel.

much thinner than along the Tertiary Yuba. In many places they are entirely absent. No
fossils have been found in the deep gravels except at one place near Susanville, where an Eocene
flora was discovered by Diller. It is likely that these gravels are of Eocene age, and some of
them along the Tertiary Yuba River may even be Cretaceous.

Bench gravels.—Covering the deep gravels and attaining a maximum thickness of 300 feet,
the bench gravels are spread out, in places to a width of 1 or 2 miles, on the sloping shelves
on both sides of the deepest troughs‘(Pl. V, B). These gravels usually contain much quartz
and are much more admixed and interstratified with finer sediment than the deep gravels.
The pebbles are also smaller and always, except close to the headwaters, well rounded and
polished. (See Pl. XXIV, B, p. 150.) These gravels indicate an epoch when the streams became
overloaded; the extensive deposition which resulted from the overloading and the lessening of
grades created broad flood plains over which the rivers flowed in changing channels. The
distinction between the deep gravels and the bench gravels is much more marked along the
Tertiary Yuba River than along the streams to the south. Different conditions prevailed along
Jura River, which flowed northward and found its outlet at a point west of Susanville. In
the lower part of this stream, from the vicinity of Taylorsville to Mountain Meadows, the lowest
deposits consist of beds of sand, in some places with lignite; above this lie about 100 feet of
coarse auriferous gravels. Near the old outlet the thickness of the prevolcanic deposits increases
greatly. According to Diller 400 feet of sand is exposed, and this is covered by heavy prevolcanic
gravels.

As more fully stated in chapter 3, the age of the bench gravels is believed to be Miocene,
the determination being based on large collections of fossil leaves.
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VOLCANIC AND INTERVOLCANIC DEPOSITS.

Rhyolitic tuffs—Sweeping down the main river channels from the vents in the high Sierra,
flows of white rhyolite, accompanied by large masses of rhyolitic tuff, of clayey and sandy
character, covered the bench gravels. These rhyolitic flows attain on the middle slopes a
maximum depth of about 200 feet; higher up they are much heavier. Much of this tuff is in
the mining region designated as.pipe clay or chalk.

Gravels of the rhyolitic epoch.—The rhyolitic flows had the effect of damming many lateral
streams, thus causing immediately accumulations of gravels, clay, and sands. During the
intervals between the rhyolitic eruptions the streams cut down new channels in the soft material
and accumulated masses of gravel in their new beds. All these detrital masses of gravel, sand,
and clay, generally of a finer character than the bench grevels and usually containing rhyolitic
pebbles, are designated as the ‘‘gravels of the rhyolitic period,” or ‘‘interrhyolitic gravels.” In
many places, such as Nevada City, Nevada County, and the Long Canyon divide, Placer County,
the rhyolitic gravels attain a thickness of several hundred feet.

Andesitic tuffs and tuffaceous breccias.—After the close of the rhyolitic eruptions the vol-
canoes along the summit of the range began to emit andesitic lavas and successively a great
number of thin flows poured down the river valleys. Only near the summits, however, are
massive flows and breccias found. (See P1. VI.) Over the greater part of the slope the erup-
tions assumed the form of mud flows, at first as sandy and clayey masses but later mixed with a
great quantity of larger angular or subangular fragments of hornblende and pyroxene andesites,
so that at last the greater part of the slope, except the higher ridges, was covered and the rivers
were forced to seek entirely new channels. The thickness of the andesitic flows is usually
less than 200 feet along the Valley border; on the middle slopes the average thickness is about
500 feet; and high on the range, in the Truckee quadrangle, for 1nstanee, a thickness of 1,000 to
1,500 feet was attained.

Gravels of the andesitic epoch.—The epoch of the andesitic eruptions extended over a con-
siderable time interval and between the various flows the rivers continued their work and
deposited gravels. The tilting of the slope of the Sierra Nevada evidently began at the close
of the rhyolitic epoch, for the interandesitic streams possessed an exceedingly active power of
erosion. Sharp V-shaped canyons were cut through the older beds and in some places even
down into the solid bedrock to a depth of about 100 feet. The new channels differed consid-
erably in direction from the prevolcanic streams, but most of them still followed the same general
valleys. In the bottom of these sharply cut channels a few feet of gravel accumulated along
stretches with less grade. These are the ‘‘gravels of the andesitic epoch,” or “the interandesitic
gravels.”

Although evidences of such an epoch of erosion are found nearly everywhere along the
slope, they are conspicuous only in certain places where erosion was deep and gold has accu-
mulated. In the main drainage area of the Tertiary Yuba River the outlet must have been
through the narrow transverse channel from French Corral to Smartsville, and deep interandesitic
channels are not found except high up toward the divide near Forest City and other places in
Sierra County. On the Forest Hill divide, however, the tilting effected an overflow directly
down the slope by way of Peckham Hill, and in consequence the interandesitic erosion is par-
ticularly well shown in this vicinity.

Along the Tertiary Calaveras River the interandesitic channels are generally absent, except.
in one of the tributary systems near Mokelumne Hill. In this drainage basin, however the
conditions were similar to those on the Forest Hill divide; an outlet directly down the slope was:’
established for a short time before the last flow, and this is marked by the sharply eroded channel
underlying the Tuolumne Table Mountain. During this brief epoch a stream was established
which had its source near the Dardanelles and its outlet at Knights Ferry, on the Stanislaus,
and which squarely intersected the old Tertiary Calaveras River just east of Vallecito. With
the last flows, however, this channel was abandoned and the course of the present Stanislaus,
River was laid out.
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4. BENCH GRAVEL ON NORTH RIM OF DARDANELLES CHANNEL, PLACER
COUNTY.

Photograph by J. M. Boutwell. See page 150.

B. HYDRAULIC PIT IN DARDANELLES MINE, FOREST HILL, PLACER COUNTY.

Bedrock of entire deep channel laid bare by mining. In the distance is seen a rhyolitic channel crossing the
early Tertiary channel. Photograph by J. M. Boutwell. See page 150.
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4. HILLS OF ANDESITIC TUFF-BRECCIA 1 MILES NORTH OF BLOODS, BIG TREES QUADRANGLE,
CALAVERAS COUNTY.

Photograph by H. W. Turner. See page 32.

B. BLUFF OF ANDESITIC BRECCIA NEAR MOUNT LINCOLN, PLACER COUNTY, AT SUMMIT
OF RANGE.

Devils Peak in the background and Snow Mountain just beyond extreme left. Photograph by J. C. Hawver,
See page 32.
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TERTIARY AND QUATERNARY IGNEOUS ROCKS.

The occurrence and distribution of the Tertiary and Quaternary igneous rocks have been
outlined in a broad way on pages 25-27. It is not intended to present a full petrographic
description of these rocks, but their succession will be mentioned in somewhat greater detail in
the following paragraphs. Much information on this subject is found in the writings of Turner,
who also quotes a considerable number of analyses.

Within the parts of the range here considered the following succession of late igneous rocks
has been recognized:

. Rhyolite, massive and fragmental.

. Older basalt and latite, massive.

. Hornblende-pyroxene andesite; tuffs, breccias, and smaller amounts of massive rocks.
. Pyroxene andesite, fine grained and massive.

. Doleritic basalt, coarse grained and massive.
. Basalt, massive.

S U B W o

The last division, that of the normal basalt, belongs in the Quaternary period.

Rhyolite—The thyolitic flows occupy small areas, chiefly following the Tertiary River
valleys. The massive rocks are of light-gray to pink color and of fine grain and show small
crystals of quartz and sanidine in a streaky and glassy groundmass. Rarely a little brown
mica appears. In the upper regions the rhyolite is massive but has a tendency toward changing
into tuffaceous forms and it is often difficult to decide whether a particular specimen should be
considered as a massive rock or a tuff. Farther down the slope the tuffs grade into light-
colored or white sandy and clayey beds (Pl. XXIV, A4, p. 150). According to numerous
analyses given by Turner the rhyolites are typical rocks of their kind, the percentage of silica
ranging from 70 to 73, that of potash from 4 to 5.50, and that of soda from 1 to 3.50; the lime
is about 1 per cent.

The rhyolitic volcanoes were scattered along the summit region from Sierra County to
Tuolumne County. Important foci of eruption are noted at Haskell Peak, in Sierra County; at
Summit, in Nevada County; near Silver Lake, in Eldorado County; and probably at several
points in Tuolumne County in the Dardanelles quadrangle. The two most important points of
eruption were those at Summit and near Silver Lake, for they furnished the material which
flooded the Tertiary streams in the Colfax and Placerville quadrangle. Along the western slope
of the range and along the eastern escarpment few rhyolitic eruptions took place. It is not
certain, indeed, whether there is a single locality of eruption along the western slope, except
possibly at a place near Jackson Butte, north of Mokelumne Hill, where Turner reports a peculiar
craterlike depression, filled with rhyolitic tuff.

Older basalt—In Butte and Plumas counties there are extensive flat-topped ridges covered
by a dense black basalt which at many places is capped by andesitic flows. Oroville Table
Mountain belongs to this group, and further exposures are seen near Mount Ingalls and thence
down the slope in the direction of Oroville. These rocks contain about 51 per cent of silica,
4 per cent of magnesia, 2 per cent of potash, and 3 per cent of soda. They are high in lime and
iron. The principal place of eruption was undoubtedly in the northern part of the Downieville
quadrangle, but there are some indications that this or a similar rock was erupted in the vicinity
of the Table Mountain at Oroville.?

The latite of Tuolumne Table Mountain belongs in the same class, but contains more potash;
this substance is mainly concentrated in the groundmass.

Turner believes that this early basalt followed the rhyolite in time of eruption. The latite
is of interandesitic age and originated in the summit region of Tuolumne County.

Andesite—The general character of the andesitic flows and their associated beds of volcanic
conglomerates and sands has already been mentioned. By far the greater part of the andesite

1 Turner, H. W., The rocks of the Sierra Nevada: Fourteenth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1894, pp. 484-495; Further contributions
to the geology of the Sierra Nevada: Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 1, 1896, pp. 540-543, 613-616; The age and succession of the
igneous rocks of the Sierra Nevada: Jour. Geology, vol. 3, 1895, pp. 385-414.

2 Turner, H. W., Further contributions to the geology of the Sierra Nevada: Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 1, 1896, p. 543.



32 TERTIARY GRAVELS OF THE SIERRA NEVADA OF CALIFORNIA.

toccurs in the form of a tuffaceous breccia in numerous superimposed flows. These breccias mus
have issued from fissures near the summit of the range and were, either before their eruption or
at the time of issue, mixed with enormous quantities of water, forming mud flows sufficiently
fluid to spread down the slope for distances of 50 or 60 miles. The derivation of the water and
the exact mode of eruption are difficult to determine. In endeavoring to explain them Turner
has described some similar mud flows from voleanoes active within recent time in Java and
Japan.!

Toward the summits the breccias gradually lose their stratified character and become more
firmly cemented. Over large areas in the Truckee quadrangle the andesitic masses consist of
breccias containing numerous dikes and necks of massive andesite.

The andesite is a rough and porous rock of dark-gray to dark-brown color. Phenocrysts
of plagioclase, augite, and hypersthene are always present, and in many rocks hornblende appears
as small black needles. The groundmass has a structure varying from glassy to very fine
grained holocrystalline. Biotite is of very rare occurrence. Olivine is present here and there
in the pyroxene andesites, which locally merge into fine-grained varieties allied to basalts. Ande-
sites containing mainly hornblende occur in places and are of lighter-gray color.

The analyses show the andesites to be an intermediate rock, with silica ranging from 55 to
67 per cent, from 5 to 8 per cent of lime, 1.5 to 2.5 per cent of potash, and 3.5 to 4.5 per cent of
soda. Trachytic modifications are rare, though Turner? mentions some rocks containing
biotite which carry as much as 5 per cent of potash. The rocks thus correspond fairly well
to the granodiorites among the older granular rocks. On the whole the andesites, however,
contain somewhat less silica and more calcium.

The andesitic volcanoes were mainly located along the crest of the Sierra—in fact, almost
continuously from Thompson Peak, west of Honey Lake, down to latitude 38° 10’. Farther
south the eruptions diminished greatly in intensity. In the Downieville quadrangle important,
eruptive centers are found at Mount Ingalls, Grizzly Peak, and the group of old volecanoes
around Mount Fillmore, near the line between Plumas and Sierra counties. The Mount
Fillmore locality is farther west than most of the others, but still lies in the higher part of the
range. North and south of Sierra Valley were numerous foci of eruption. ‘Along the first
summit of the range west of Lake Tahoe the greatest number of vents are found. Beginning
at Webber Lake on the north, they include Mount Lola, Castle Peak, Mount Lincoln, Tinker
Knob, Mount Mildred, and Twin Peak. The andesitic masses here in places attain a thickness
of 2,000 feet. An interval follows in the northern part of the Pyramid Peak quadrangle where
no important volcanoes were located, but they appear again in full force in Alpine County.
Round Top, attaining an elevation of 10,430 feet, and the adjacent peaks were the sources of
the enormous flows which covered a large part of Eldorado County. Still another volcanic
complex with many eruptive vents is that situated in the western part of Alpine County, near
Markleeville, which culminates in Highland Peak and Raymond Peak (PI. VII, 4), the former
almost reaching 11,000 feet. The total thickness of the voleanic flows in this locality is as much
as 4,000 feet. ‘

The andesitic eruptions continued south of Alpine County, and one of the main vents
was located in the picturesque bluffs known as the Dardanelles,

Along the eastern range of the Sierra Nevada, east of Lake Tahoe, there are a few smaller
bodies of eruptive rocks. At its north end, however, southwest of Reno, another large ande-
sitic volcano poured forth lavas which extend between the Truckee River canyon and the
Washoe Valley. In the region extending northward from Lake Tahoe to Sierra Valley enor-
mous andesitic eruptions took place, and the products of these volcanoes are now piled up as
high mountains, among which Mount Pluto nearly attains 9,000 feet.

None of the craters of these volcanoes are preserved, and at the time of their greatest
activity they may have reached a height of several thousand feet above the present summits.

1 Turner, H. W., Further contributions to the geology of the Sierra Nevada: Seventeenth Ann. Rept. T. 8. Geol. Survey, pt. 1, 1896, pp.
537-539.
2 Idem, p. 698.
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A WEST SPUR OF MOUNT RAYMOND FROM INDIAN VALLEY, MARKLEEVILLE QUADRANGLE,
ALPINE COUNTY.

Showing rough character of ridges of andesite. Photograph by H. W. Turner. See page 32,

B. VERTICAL SHEARING IN GRANITE NORTH OF CHARITY VALLEY, MARKLEEVILLE QUADRANGLE,
ALPINE COUNTY.

Photograph by H. W. Turner. See page 46.
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Comparatively few andesitic vents are known on the long western slope of the range.
At two places in the Jackson quadrangle in Calaveras County, known as Golden Gate Hill and
Jackson Butte, small eruptions of andesite took place. The products of these vents are dis-
tinguished from the surrounding tuff breccias by their massive structure.

Fine-grained pyrozene andesite—In the Downieville and Bidwell Bar quadrangles erup-
tions of a dense fine-grained gray lava, which usually weathers wrth strong lamination, took
place in several localities. This fine-grained andesite covers the tuffaceous breccia at Table
‘Mountain near Forest City, on the ridges north of Downieville, and at several places farther
west. This rock is not far removed from a basalt but contains from 57 to 67 per cent of silica.

Doleritic basalt.—The coarse basalts of Mount Ingalls are believed by Turner to belong to
early Pleistocene time. This lava, which from the analysis given appears to be a normal basalt,
is not found elsewhere.

Quaternary basalts.—The Quaternary plagioclase basalts are normal rocks of their kind and
usually contain olivine. They were erupted from numerous vents during the period of erosion
which followed the eruption of the andesite. Some of them lie on the slopes of the canyons,
their position indicating that they were erupted before the present depth had been attained.
At the north end of the range, around Lassen Peak, the basaltic rocks cover enormous areas and
many of the craters are still preserved. These basalts extend as far south as Susanville. In
“the Truckee quadrangle, 40 miles farther south, the next large eruptions of basalt took place.
They form comparatively thin sheets which flowed down into the center of Truckee Valley over
the eroded surface of the andesite. Farther south small areas of basalt occur here and there
over the western slope of the Sierra Nevada. Such local vents are found at several places
in the Bidwell Bar quadrangle, at two places in Colfax quadrangle, west of Tells Peak in the
Pyramid Peak quadrangle, and north of Mokelumne River in the Big Trees quadrangle. The
areas are, however, insignificant.

Quaternary rhyolite—The Quaternary basalt closes the series of eruptions in the Sierra
Nevada proper, but it is interesting to recall that immediately east of the eastern scarp of the
range south of Mono Lake there are a number of rhyolitic vents with well-preserved though
small volcanic cones, which evidently were active during Quaternary time.

TERTIARY DRAINAGE SYSTEM.

General features—The drainage lines of the Tertiary range corresponding to the Sierra
Nevada extended in two directions. The first and more important was toward the west and
is represented by at least five main streams that emptied into the gulf which then occupied
the Great Valley. The second direction of drainage was toward the north and is represented
by the stream to which the name Jura River has been given. This headed near Meadow Lake,
in Nevada County, in the present summit region, and, taking a course slightly west of north,
emptied a few miles west of Susanville into a bay of the sea or possibly into a lake, whose
extent and relation can not now be ascertained on account of the lavas that coverits sediments
to the north. At any rate, the conditions of discharge were radically different in the two
basins, for while on the west side, toward the Sacramento Valley, the lowest gravels in the
troughs of the rivers are coarse and compact, the lowest deposits in the most northerly reaches
of Jura River were sandy and contain beds of lignite. Undoubtedly the eastern slope of the
Tertiary range was also drained by a system of rivers, but the erosion has left little evidence
of its character. '

The present rivers of the western slope have generally a southwesterly direction corre-
sponding to the present strongly pronounced slope of the range. Only in places, as in the upper
part of Feather River, the middle Yuba River, and the uppermost part of Rubicon River,
do they swing around to north-northwest, corresponding to the trend of the range. On Feather
River this change of direction is due mainly to post-Miocene dislocations, but the courses of
the Yuba and Rubicon were determined by the pre-Tertiary structure of the range.

' 88337°—No. 73—11—3
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The pre-Tertiary erosion emphasized the longitudinal structure, and this found expression
in the courses of the ancient streams. The range had a much lower elevation than at present.
Along the western margin the most prominent feature consisted in the abrupt greenstone ridges
which from Mariposa County to Butte County followed the valley line. West of these ridges
was a series of depressions which rose toward the east into an undulating plateau, and this
was surmounted by a much higher ridge of flat-topped hills. In general the rivers broke through
the greenstone ridges of the foothills in deep and rocky narrow valleys, but east of these ridges
followed the central depression for longer or shorter distances. Farther upstream they again
bent to the east, and their sources lay in the highest ridge of the Tertiary range.

From north to south, principal streams described below have been recognized on the
western slope. (See Pl I, in pocket; fig. 3, p. 40.) :

Magalia channel.—A minor watercourse, which may be termed Magalia River, had its séurce
in the northwestern part of the Bidwell Bar quadrangle and its outlet near Centerville, a few
miles northeast of Chico. It flowed in a narrow canyon-like valley, rapidly widening at Cen-
terville, where also large masses of gravel began to accumulate. Where exposed by mining
operations near Magalia the channel was found to be filled with large bowlders and coarse sand,
but the total depth of the prevolcanic deposits is probably not more than 50 or 75 feet.

Stream near Cherokee.—A somewhat similar but shorter stream is well exposed near the
valley border at Cherokee. It shows the same characteristic of coarse, heavy bowlders resting
in a well-defined though not V-shaped depression. The depth of this coarse gravel is 35 feet,
and above it lies about 250 feet of sand and clay of the Ione formation.

Yuba River.—The Tertiary Yuba River was the largest of the streams draining the western
slope. Its headwaters extended from the southern part of Plumas County southward to the
dividing line between Placer and Eldorado counties on upper Rubicon River, a distance of
about 60 miles. Its outlet, like that of its present equivalent, was near Smartsville, in Yuba
County, at the valley border. Its course from North San Juan to Smartsville was southwest-
ward for 20 miles; in this distance the united branches of the river broke through the greenstone’
ridges of the foothills in a valley, which, as can be seen at Smartsville and French Corral, had a
depth of more than 1,000 feet. At Smartsville the bed of the Tertiary river was 200 feet above
the present Yuba; at North San Juan about 700 feet. Coarse gravels to a depth of 170 feet filled
this old trough and they are directly overlain by andesitic gravels and tuffs. Between French
Corral and North San Juan the average thickness of the gravels was probably 200 feet.

Above North San Juan the river began to branch. An important tributary came down
from the vicinity of Gibsonville, in Sierra County, by way of Camptonville. Heavy gravels of
prevolcanic age are also present along this branch. At Poverty Hill the trough is filled to a
depth of 25 feet with coarse gravel and large bowlders, above which lies a wide body of fine
quartz gravel up to 120 feet in thickness. At La Porte the gravels are 130 feet thick and in
the upper part consist of fine quartz gravels, in places mixed with thick beds of clay. Through-
out the distance from La Porte to Smartsville the direction is southwest and the grade averages -
100 feet per mile, though above La Porte it locally increases to 170 feet. The headwaters of
the northern branch can not be traced to their sources, for at Gibsonville the channel is cut off
by the canyon of the South Fork of Feather River, beyond which dislocations make further
tracing impossible. Moreover, this locality is near a volcanic region whose eruptions have dis-
turbed the old stream beds.

From North San Juan, or a short distance east of it, the trend of the river going upstream
turned abruptly to the southeast and for 25 or 30 miles followed a longitudinal depression par-
allel to the crest of the range; this direction continued as far south as Forest Hill. In this old
depression the heaviest gravels found within the range have accumulated. They were contrib-
uted by numerous streams from the east and apparently held back as if by a dam by the narrow
canyon of the lower, transverse river course. At North Columbia the depth along the center
of the channel is from 400 to 500 feet. The gravel in the deepest trough is coarse and in places
bowldery, but the top gravels spread out over the benches are fine and more quartzose. At
North Bloomfield, on a tributary that joined the main river at North Columbia, the deepest
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gravel is 130 feet thick and this is capped by light-colored clay and sand interstratified with;
fine gravel; the thickness of these finer sediments may reach 150 feet. At You Bet and Little
York the deep gravel is coarse and cemented and as much as 40 feet in thickness and is capped:
by up to 350 feet of fine gravel with some clay and sand. At Towa Hill the sharply ‘defined:
river trough is filled with 200 feet of coarse gravel covered by 200 feet of quartzose bench gravels
of finer grain. These figures will suffice to give an idea of the great depth of the prevalc&mc'
accumulations in this longitudinal trough. '

Throughout the distance from Badger Hill upstream to Forest Hill the grade is very slight-
and locally reversed wherever the stream trended eastward of the line parallel with the slope’
of the range. In a distance of 30 miles the total fall was about 250 feet, which would average
8 feet to the mile. At Forest Hill the stream bends sharply to a general easterly direction and-
its upper course can be traced continuously for 40 miles to the vicinity of Castle Peak, just
north of the Central Pacific Railroad. The thickness of the prevolcanic gravels rapidly decreases
upstream, and near its headwaters the channel contains practically no detritus. The grade
remains about 100 feet to the mile for most of the distance, but north of Soda Springs it rises
to 200 feet to the mile, and the absence of gravel, the depth of the old canyons now filled by
volcanic rocks, and the abrupt slopes all point to the fact that the actual source of the stream
has been reached. The total distance along the course from Castle Peak to Smartsville is not
less than 100 miles.

It has been stated that throughout the longitudinal portion of its course the river received
numerous tributaries from the east. In all of these similar conditions can be traced—that is,
gradual decrease of thickness of gravel and corresponding increase in depth of the valleys and
slope of the declivities. For detailed information the reader is referred to another part of
this report. One of the main tributaries can be traced upward by way of North Bloomfield,
Moores Flat, and American Hill, and possibly as far up as Meadow Lake; but there is some doubt
whether the upper part of this drainage did not rather belong to the northward-flowing Jura
River. Laterals to this stream were received by way of Forest, Alleghany, and Minnesota;
also by way of Relief Hill, Alpha, Omega, and Emigrant Gap.

Other tributaries to the main stream are traced upward from Dutch Flat to Remington
Hill and from Dutch Flat to Shady Run and Blue Canyon. Lastly should be mentioned the
tributary extending from Damascus to Michigan Bluff, which contains the ‘“white channel”
that has been mined so successfully at the Hidden Treasure mine. Throughout the course of
the Yuba River of Tertiary time an absolute and unfailing dependence of the present grade on
the direction of the ancient stream can be traced; wherever it trended southwest the grade is
from 80 to 120 feet to the mile; where the trend was to the northwest the grade is diminished
to low figures, rarely more than 30 feet to the mile and usually much less.

The most southerly branch of the river crossed the present Rubicon River and headed in
Union Valley, in the Pyramid Peak quadrangle, not far from the South Fork of the present
American River.

American River.—The Tertiary streams to the south of the Yuba occupied smaller drainage
areas, their transverse direction was more emphasized, and the prevolcanic gravels found in
the deepest depressions are of far smaller volume than those of Yuba River. In many parts:
of their courses there are only a few feet of such gravels and only exceptionally are they more
than 50 feet in depth. On the other hand, the interrhyolitic gravels along these streams are of
great extent and thickness.

The Tertiary American River had its outlet near Roseville, in Placer County, where the
gravels have been mined at the Lee mine. Most of the accumulations in the low foothills have,
however, been removed by erosion. In the upstream direction the course of the river trended
to the northeast for 12 miles and then passed through the gap at Pilot Hill, whence it turned
sharply southeast, following a longitudinal depression behind the high greenstone ridges of the
foothills. This direction continued for 15 miles with slight grades of 18 to 55 feet to the mile,
but most of the gravels within this distance have been eroded. Farther upstream, at Placer-
ville, the course changed to a general easterly direction, which it followed up to the summit with
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grades of 75 to 100 feet to the mile. The heaviest accumulations of gravels are found near
Placerville. From Pacific, on the boundary line between the Placerville and Pyramid Peak
quadrangles, eastward there are practically no gravels in the deepest depressions. The princi-
pal fork followed closely the present South Fork of American River with strong grades up to
160 feet to the mile. This part of the course was in a deep canyon, and where the Pyramid
Peak Range was crossed the slopes to the north rose 3,000 feet within a distance of 3 miles
The headwaters of this branch have been cut by the erosion of upper Truckee River, south of
Lake Tahoe; the sources of this fork were in the Markleeville quadrangle, to the east, but its
course east of the upper Truckee can not be traced with certainty.

A southerly branch, not far distant from the principal fork, can be traced to its actual
source just north of Round Top, a volcanic mountain rising to an elevation of 10,430 feet.

Mokelumne River—The Tertiary Mokelumne River had a relatively small drainage area;
it emptied into the gulf in the foothills of northern Amador County, which were reduced at this
place to a more level surface, above which the hills rose to heights of not more than 400 feet.
From Plymouth westward the gravels are eroded, except for a few small patches, but above
Plymouth the course is well marked and can be traced upstream in a nearly easterly direction
along the boundary line of the Placerville and Jackson quadrangles; its headwaters are found
near Mokelumne Peak, which attains an elevation of 9,371 feet. Two minor tributaries join
the river from the north, one descending from Grizzly Flat toward Indian Diggings and the
other a few miles farther east by way of Pi Pi Valley and Fort Grizzly. Here again the gravels
in the upper stream courses are thin or absent and the greatest thickness is accumulated near
Oleta, at elevations of about 2,000 feet.

Calaveras River.—The Tertiary Calaveras River formed a stream of larger drainagearea
than the two just mentioned. Its outlet was at Valley Springs, in a gap between high greenstone
ridges on the north and the conspicuous ranges of the Bear Mountains to the south. West of
Valley Springs the deeper gravels are completely hidden by thick masses of the Ione formation
(Miocene) and overlying Tertiary shore gravels. Upstream the river bent sharply behind the
greenstone ridges and followed for 15 miles a deep depression east of the Bear Mountains by way
of San Andreas and Angels. In this distance the grade is only 28 feet to the mile and the inter-
rhyolitic gravels are in places 200 feet thick. A smaller but rich tributary came down from
the north by way of Jackson and Mokelumne Hill. A second tributary descended from the
north, following the so-called Fort Mountain channel and joining the main stream a few miles
to the south of San Andreas. A short distance to the east of Angels, at Vallecito, thick gravels,
principally rhyolitic, accumulated in a basin inclosed by high bedrock:hills. At Vallecito the
Tertiary channel lies about 1,200 feet above the deep canyon of the Nerth Fork of Stanislaus
River. The Tertiary channel crossed this fork and then assumed a general easterly direction.
A short tributary joined it from the south, heading in the deep basin at Columbia, in Tuolumne
County. Above Vallecito the course of the Tertiary river may be traced by means of the
depressions in the volcanic areas, as indicated on the map (PL I, in pocket), but the channels
contain little or no gravel and are generally barren; the ultimate headwaters lie in the Dar-
danelles quadrangel and have not been traced.

Cataract River.—During the interandesitic epoch a drainage channel was established for a
short time which followed the slope of the Sierra in a general southwesterly direction across the
Big Trees quadrangle from Clover Meadow by way of the Calaveras Grove and Douglas Flat.
It crossed the Tertiary river at Vallecito and the present Stanislaus River has intersected it at
Parrott Ferry. Itsfurther course was by way of Sonora and thence down to its outlet at Knights
Ferry on the Stanislaus, where it crossed the greenstone ridges of the foothills, probably utiliz-
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