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INTRODUCTION., 5

irrigated with water pumped from wells in 1913 (Sacramento County
- figures are for 1914).- In this table the valley is divided into 19 areas
-in’ which pumping is more or less opncentrated in groups. These
- areas, the boundaries of which are arbitrary, are shown on the map
~of the valley (Pl. II).

Statistics of ground-water trrigation in Sacramento Valley for 1913.

Ng;:lli- A Aver- Aver-
-~ ver- | » lage area
Area Num- | Num- | Area Nggii aso- | Ay age aggrmi_sa i
(See P1, IL ) berof | berof | irri- | ol | line, | o, | power | o ooeo, | gated
- plants. [owners. | gated. oIl and| POWEH | e - | B for each
power. plant. fof eachi yo¢ce
pow er. plant | hower.
4 Horse- | Horse- | Horse- | Horse- 4 4
cres. | power. | power. | power. | power. | Acres. | Acres.
8| 1,387 297 30 327 13.0| 554 4.2
15| 1,345 378 34 409 23,5 84.0 3.3
5 470 45 30 75| 10.6 68.2 6.2
5 1156 105 15 120 24.0 23.0 .9
23 370 150 39 189 8.2 16.1 1.9
126 | 4,144 | 1,108 195 | 1,301 77 24.8 3.2
19 607 176 52 2271 10.3{ 27.5 2.6
77| 1,450 129 530 659 8.1 17.¢ 2.2
1,780 483 73 556 6.6 20.2 3.2
11| 1,405 160 45 205 14.6 { 100.3 6.8
46 | 2,431 575 122 697 10.4 3.2 8.5
13 100 63 163 10.8 18.6 1.7
14 520 165 139 21.7) 8.7 1.7
7 70 [ceeeaaen 28 28 4.0 10.0 2.5,
261 7,988 | 1,812 140 1,952 52,7} 215.8 4.1
10 148 25 60 85| 14,8 1.7
111 5696 1,302 520 1,831 148| 443 3.1
3 19 20 4 24 8.0 6.3 .8
837 | 10,625 | 3,661 | 2,320 | 5,990 6.3| 1L3 L7
1,422 | 40,859 | 10,885 | 4,457 | 15,142 01| 245 2.7
6 Collected in part by J. W. Muller in 1914, b Collected by J. W. Muller in 1914.

In the study of this table it should be remembered that since 1913
there has been a very great increase in the number of plants pumping.
water from wells and in the area irrigated. The cultivation of rice,
which had just reached a commercial basis in 1913, proved a profitable.
industry. The flat and heavy soils of the flood basins are not only
suitable for the growth of rice but are easily prepared for irrigation
and have a high water table. Thousands of acres heretofore of little
agricultural value in Glenn, Butte, Colusa, and Sutter counties have
been devoted to this crop. A large part of the water necessary for
this irrigation is derived from wells. The rapid development of these
regions can be seen in the following table comparing the results of the
United States censuses of 1910 and 1920:

Irrigation of all kinds in four counties in which the agriculiural land is largely in the
Sacramento Valley, 1909 and 1919,

Area irrigated (acres). Rat:io ogfg‘
County. . 1919 to ir-

on in
1908 919 | Figation

18 times.
tHimes

3 N
10 times.
36 times.

1% times,

- 107736—23—wsp 495——2

v




6 GROUND-WATER RESOURCES OF SACRAMENTO VALLEY.
PURPOSE AND METHODS OF GROUND-WATER SURVEY.

Recognition of the great value of the ground water of Sacramento
Valley for domestic and public supplies and irrigation led the United
States Geological Survey, in financial cooperation with the California
State Department of Engineering, to undertake a survey of the ground
waters of the valley. The writer began field work in September, °
1912, and continued it until February, 1913. In June, 1913, he
returned to the field and continued the work until January, 1914.
During this season Chester R. Thomas acted as field assistant from
July 1 to October 1. The writer also spent the month of September,
1914, in the field. Beginning in November, 1914, J. W. Muller, of
the Geological Survey, spent two months in collecting statistics of
pumping in Sacramento County. A preliminary statement of the
results obtained by the Survey has already been published.*

A team of horses and a wagon were used in the work, and camp was
made along the road each night. The whole valley was covered, the
work consisting of three parts—(1) a general study of the physiogra-
phy and geology with relation to the occurrence of ground water;
(2) the collection of well data; and (3) the collection of statistics of

" pumping and irrigation with ground water. In the collection of well
data measurements of the depth to water were made for the purpose
of constructing the hydrographic contour map shown as Plate IV.
For this purpose, so far as possible, measurements were made at
wells not more than 1 mile apart. Each pumping plant was visited,
and the area actually irrigated was determined. Some difficulty
was found in deciding what should be considered a pumping plant for

“irrigation. Many plants with 2-inch centrifugal pumps and 5-horse-
‘power engines that are used to obtain water for stock and domestic
supply were not considered as irrigation plants; but plants of the same
size near Corning, which are used for irrigating commercial orchards,
were listed as irrigation plants, though they also furnish water for
domestic use. In the Sacramento area the combined suburban home
and small farm is so common that practically all plants are listed.
Irrigation was credited to a plant only where there was evidence that
the plant was so used at the time the plant was visited or where
information to that effect was deemed reliable. The material thus
collected is presented in the table on page 5 and in the tables of pump-
ing plant data given under the several irrigation districts.

Samples of water were collected from 68 wells in the valley, located
as shown on Plate IV. The results of examination of these samples
are discussed in the section on quality of water (pp. 94-97).

The entire investigation was made under the direction of O. E.
Meinzer, geologist in charge of ground-water investigations, who

4 Bryan, Kirk, Ground water for irrigation in the S8acramento Valley, Calif.: U. 8. Geol. Survey Water-
Supply Paper 375, pp. 1-49, 1915.



PHYSIOGRAPHY. 7

completed certain details of the report after the author had gone to
France with the American Expeditionary Forces.

~—
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PHYSIOGRAPHY.
GENERAL FEATURES.

Sacramento River rises in a small lake on Mount Eddy, one of the
peaks of the Trinity Mountains, about 50 miles south of the northern
boundary of California. It flows eastward about 12 miles and then
southward 370 miles to the head of Suisun Bay, 50 miles from San
Francisco, where it unites with San Joaquin River. The source of -
the river is about 6,600 feet above sea level, and the upper part of
the river lies in a narrow valley between rugged mountains. Fifty
miles below its source the Sacramento is joined by Pit River, which
at the junction carries more water than the main stream. .(See
p. 53.)

The fall of the Sacramento is 5,913 feet in 50 miles above the mouth
of Pit River and 447 feet in the 67 miles between Pit River and Red
Bluff. In the remaining 250 miles of its course the fall is only 240
feet, or less than 1 foot to the mile. A

From the mouth of Pit River southward the mountains recede on
each side and the river is bordered by flat flood plains and low hills
as far as Red Bluff. This is the beginning of the Great Valley of
California, which extends as a great plain between the bordering
mountains southward to the Tehachapi Pass.
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Sacramento Valley, the northern division of the Great Valley of
California, is a wide plain extending from Red Bluff 150 miles to
Suisun Bgy. It is about 40 miles across in the widest part, and its
altitudes range from slightly below sea level to a little more than
300 feet above sea level.

The term “Sacramento Valley,” like many other geographic names,
has been used with varied meanings. In a popular sense it is often
applied to the whole drainage basin of Sacramento River, including
all the country from the crests of the Coast Ranges to the crest of the
Sierra Nevada, bounded on the north by the crests of the Klamath
and Cascade ranges. In a more restricted sense it is used to cover
only the lower lands, not the mountains, between the Coast Ranges
and the Sierra Nevada as far north as Redding, in Shasta County.
If the valley is considered as a structural depression ® this use of the
term is justified, but topographically the very considerable range of
hills north of Red Bluff so distinctly separates the main valley from
the lowland to the north that it seems best to confine the term to
the country south of Red Bluff. The smaller areas of valley land
north of Red Bluff may best be called by local names, such as Happy
Valley, Anderson Valley, and Redding Valley. As thus defined
Sacramento Valley is bounded on the east by the Sierra Nevada and
the Cascade Range and on the west by the Coast Ranges and Klamath
Mountains. (See Pls. I, ITI, and IV.)

The Sierra Nevada rises gradually from altitudes of 100 to 200
feet above sea level at the edge of the valley to a general altitude of
about 8,900 feet on the crest of the range, at an average distance of
about 60 miles. North of Feather River the range is surmounted
by volcanic peaks 10,000 feet or more in height, but the rivers rise
at lower altitudes east of the crest.and break through the mountains
" on their way to Sacramento River. The belt of mountainous country
west of the valley and tributary to it is about 35 miles wide. As
far north as Stony Creek the mountains on this side belong to the
Coast Ranges, and few peaks exceed 6,000 feet in elevation. North
of Stony Creek the North and South Yolla Bolly Mountains, parts of
the Klamath Mountains, attain altitudes between 7,000 and 8,600
feet. On the south Sacramento Valley merges with San Joaquin Val-
leyin the network of sloughs and swamps that constitutes the island
country. The southern boundary is fixed arbitrarily along the
course of Mokelumne River.

In the midst of the great plain of Sacramento Valley stand the
Marysville Buttes—a circular rugged mass of hills about 12 miles in
diameter. North Butte and South Butte, the principal peaks, are
1,863 and 2,132 feet in altitude, respectively. The buttes are the

® Diller, J. 8., Tertiary revolution in the topography_of the Pacific coast: U. 8. Geol. Survey Fourteenth
Ann. Rept., pt. 2, p. 405, 1804,
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remnants of an ancient volcano and project like an island above the
surrounding sea of sedunentary deposits.

Sacramento Valley is largely a constructional or a.ggraded plain,
built up with sediment brought by the streams from the surrounding
mountains. For a long time the valley has been sinking and the
bordering mountains have been rising. With the uplift of the moun-
tains erosion increased and the streams carried much sediment; with
the depression of the valley stream grades were decreased and the
sediments were dropped. The present configuration of the plain is
due largely to the forms produced by deposition of sediment. How-
ever, parts of the valley have been raised above the general level by
faulting and folding, and this uplift has afforded opportunity for the
streams to erode these parts and to produce hilly or rolling country
that contrasts more or less strongly with the parts of the valley that
are being molded entirely by aggradation.

The aggraded surface is very flat and monotonous and to the
casual traveler appears as an almost limitless plain, dotted here and
there with oaks and bands of woods. The horizon is obscured by an
always present haze. Differences in altitude are so slight that many
of them can hardly be detected without a surveyor’s instrument, yet
each elevation and depression has a distinctive form and meaning,
which is significant in the physiographic history of the valley and
in the life of the people

The valley comprises five natural subdlvmlons«the red lands, the
low plains, the river lands, the flood basins, and the island country.

The red lands form belts of hilly or gently undulating country that
extend along both sides of Sacramento Valley, and in most places they
have a general slope toward the axis of the valley. These belts
were once almost as smooth and regular as the lower parts of the
valley at the present time. They were constructed by the streams
that flowed from the mountains into the valley and there deposited
most of their burden of gravel, sand, and silt, building up these
marginal belts until they formed smooth plains that sloped gently
from the borders of the mountains toward the middle of the valley.
These plains were then raised by warping or faulting of the earth’s
crust and were subsequently eroded by the same streams that built
them, thus acquiring most of their present.irregularities. They are
hilliest and most sharply contrasted to the rest of the valley where
the uplift has been most pronounced and the erosion has conse-
quently been most active, as in the Hungry Hollow and Montezuma
hills; they are gently undulating and most indefinite in outline where
the uplift has consisted of only slight regional warping, as in the
vicinity of Sacramento. Plate V, B, shows a typical orchard on the
red lands, and Plate VI, A4, the boundary between the red lands and
the mountains.
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The low plains lie in general between the red lands and the river
lands, but in some places, where the red lands are absent, they
extend to the mountains. They are somewhat lower than the red
lands and are nearly level except for very gentle slopes toward the
axis of the valley. These plains were built by the streams that enter
the valley from the mountain borders and that have dissected the
intervening red lands. They owe their remarkable smoothness to
the fact that they are still in process of construction, as is fully
demonstrated by frequent floods that spread over them and leave
behind thin deposits of silt.

The river lands are relatively narrow belts that rise 5 to 20 feet
. above the adjacent lands and extend along both sides of the two
master streams—Sacramento and Feather rivers. They consist of
natural levees sloping very gently toward the flood basins or adja-
cent low plains. They have been built in times of flood with sedi-
ment deposited by the overflow of the rivers. Like the low plains,
they are the result of processes that are still in operation. Although
the height of these belts above the adjacent country is not great, it
is sufficient to make them habitable and arable and thus to separate
them rather sharply from the swampy and frequently submerged
wastes through which they extend for many miles.

The flood basins are broad but shallow troughs between the low
plains and the river lands. They are the lowest and flattest parts
of the valley. In times of flood they are filled by the side streams
that pour across the low plains in broad sheets and by the rivers
which discharge into them either through definite channels or di-
rectly over the natural levees, or river lands. These basins, like the
low plains and the river lands, are the result of processes of deposi-
tion that are still active, but the deposition is essentially that result-
ing from standing water rather than running water, and hence their
surfaces are almost hotrizontal planes. Each basin, however, has
gentle slopes toward the center and toward the downstream end.
The basins differ also from the low plains and the river lands in
having heavier soils, less well adapted to ordmary a.gmculture, but
now successfully used for the cultivation of rice.

The island country of Sacramento Valley lies along the lower part
of Sacramento River near its mouth and is continuous with a similar
area along thelower partof San Joaquin River. Itconsistsof numerous
tracts of land each of which is surrounded by branching channels of
the river. The natural levees of these channels slope away from the
channels toward the centers of the islands. Thus each island has a
saucer-shaped surface and under natural conditions is swampy near
the center.
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MOUNTAIN REGIONS TRIBUTARY TO SACRAMENTO VALLEY,
CONTIGUOUS NORTHERN REGION.

The mountainous region north of Sacramento Valley may be
divided into two parts—the Klamath Mountains on the west and
the Cascade Mountains on the east. Both of these ranges extend
far enough south to inclose the upper part of the valley.

The Klamath Mountains embrace all the peaks and ridges lying
between the fortieth and forty-third parallels of latitude and west
of Sacramento River. The most conspicuous members are the
Salmon, Trinity, and Scott mountains of California and the Siskiyou
and Rogue River mountains of Oregon. A prong of these mountains
extends southward between the Coast Range and Sacramento Valley
to the headwaters of Stony Creek. The western part of this prong
is called the South Fork Mountains, the eastern part the Yolla
Bolly Mountains. The Yolla Bolly Mountains form a dissected
platform between 6,000 and 7,000 feet above sea level, with summits
rising to higher altltudes s

East of Sacramento River the Cascade Mountams consist of a
broad range surmounted by volcanic cones. Of these the most
prominent are Mount Shasta (altitude 14,380 feet) and Lassen Peak
(altitude 10,437 feet). The western slopes are covered by thick
flows of lava and tuff, now trenched by deep, steep-walled canyons.
The flows extend south from Pit River in a ridge about 50 miles
long and 25 miles wide to the North Fork of Feather River, which
is considered the southern boundary of the Cascade Range.

SIERRA NEVADA.

The south half of the eastern border of Sacramento Valley is
formed by the western slope of the Sierra Nevada, a bold continu-
ous range about 75 miles wide.

These mountains consist of a great earth ‘block that has been
faulted and upraised on the east side, and therefore the eastern
slope is abrupt and the western slope gentle. The western slope
bevels across all the rock formations and represents an old land
surface that was reduced by stream erosion to moderate relief and
subsequently upraised and tilted toward the west. In this uplifted
slope great canyons have been cut by all the major streams. It is
easy to travel northeast or southwest on this slope, for the inter-
stream areas are relatively smooth and unbroken, but travel north-
west and southeast across the canyons is very difficult. The principal
rivers, named in order from north to south, are the Feather, Yuba,
Bear, American, Cosumnes, and Mokelumne.

¢ Diller, J. 8., Topographxcdevelopmentofthe Klamath Mountains: U. 8. Geol. Survey Bull. 196, p. 22,
1902.
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The climate of the range and particularly of the western slope is
in great contrast to that of the semiarid valley on the west and also
of the arid region, known as the Great Basin, on the east. The
annual precipitation is more than 30 inches at altitudes above 1,400
feet and as much as 70 inches at 7,000 feet. On the east side of
the mountains the precipitation amounts to 30 inches only at alti-
tudes above 6,000 feet. Between 6,000 and 9,000 feet on the western
slope the soil is poor and thin because of the scouring of former
glaciers. Below 6,000 feet vegetation is distributed.in three well-
defined zones—the well-watered, heavily forested zone betweasn:3,000
and 6,000 feet, known as the timber belt; the drier transition belt
of thin forest below 3,000 feet; and the nearly treeless rolling grassy
hills below. 1,600 feet.”

COABST RANGES.

The Coast Ranges from Stony Creek southward consist of a series
of nearly parallel and somewhat rugged ridges with intervening
valleys. The ridges trend west of north, so that they run out toward
the sea north of Cape Mendocino and west of the southern part of
the Klamath Mountains. Some of the intervening valleys are
broad and rolling. The largest is occupied by Clear Lake, whose
elevation is 1,325 feet above sea level and whose area at mean low
water is 65 square miles.® The surrounding mountains rise with
rugged, precipitous slopes to about 6,000 feet above sea level. The
northern slopes are covered with fir, white oak, and yellow pine;
elsewhere the vegetation consists of greasewood and chaparral.®

Cache Creek, the outlet of Clear Lake, and Putah Creek are the
principal streams south of Stony Creek that discharge into Sacra-
mento Valley from the west.

. Putah Creek rises in the rugged mountains known as the St. Helena
Range, whose peaks are about 5,000 feet above sea level. The lower
slopes of this range support a sparse forest of oak and manzanita
and a luxuriant growth of grass.

FEATURES OF THE BORDER ZONE.
FOOTHILLS OF THE CASCADE RANGE.

About 9 miles above Red Bluff Sacramento River passes through
Iron Canyon, which it has cut through two projecting spurs of the
Cascade Mountains. From these spurs, which are about a mile long
and half a mile wide, to Chico the mountain front is remarkably
smooth and regular and forms a facade that rises in a distance of less

7 Bowman, Isaiah, Forest physiography, p, 173, 1911,

¢ Chandler, A. E,, Water storage on Cache Creek, Calif.: U, 8. Geol. Survey Water-Supply Paper 45,
p. 32, 1001,

?Idem, p. 1.
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than a mile from the level of the valley, about 500 feet above the
sea, to an elevation of about 1,000 feet. From the top of this fagade
the voleanic plateau rises toward the Lassen Peak region at a rate
between 100 and 200 feet to the mile. Through this smooth, regular
front, which is due to monoclinal folding in middle Pleistocene time,
streams from the volcanic plateau have cut V-shaped notches, the
outlets of wild and desolate gorges that traverse the plateaus (P1. VII).

Near Chico the slope formed by the monocline is less steep and
prominent. South of Chico it swings to the east, and in the reentrant
thus formed east of Durham it is dissected and broken into a series
of promontories and detached mesas capped with lava.

From Dry Creek to Oroville the valley is bordered by a lava-
capped mesa called Table Mountain, which rises about 900 feet above
the adjacent red lands and low plains. Just north of Oroville there
are two flat-topped lava-capped outliers—South Table Mountain
and an unnamed hill north of it—which are separated from the
mountains by gaps and which decrease in altitude to the west where
their lava surfaces pass beneath the sedimentary deposits of the red
lands. They present a steep front on all sides except the west and
form particularly striking landmarks.

From Chico southward the lava plateau has a good soil and, in
strong contrast to the sterile lava plateau farther north, is well
forested above 1,500 feet.

FOOTHILLS OF THE SIERRA NEVADA.

The foothills of the Sierra Nevada rise from the border of the valley
in a series of rounded knobs and ridges that reach progressively
higher altitudes toward the east. (See Pl. VIII, A.) Rocky gorges
and winding valleys are common. The harder rocks stand out as
ridges which have a distinct northwesterly trend. The softer rocks
form lower hills, more rounded summits, and gentler slopes, and the
districts in which they crop out, as near Lincoln, are well suited for
agriculture. The entire lower slope of the Sierra below 3,000 feet is
suitable for orchard growing. It is often called the ‘thermal belt,”
because good air circulation gives it immunity from frost.

In general the foothills proper present a marked contrast to the red
lands, for they support a sparse growth of chaparral, oak, and pine.
Where the soils are favorable, however, oaks also grow on the higher
parts of the red lands and so obscure the boundary.

From Oroville to Yuba River the red lands abut directly on a
prominent ridge of diorite that shuts off from the main valley the
agricultural districts of Wyandotte and Browns Valley, which are
underlain by amphibolite schist. The appearance of this boundary
is shown in Plate VI, 4.
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From Yuba River to American River the border of the valley is
formed by flat-topped hills that present a steep face toward the moun-
tains and a smooth, barren slope toward the valley. They are capped
by resistant andesitic breccia which overlies soft Tertiary and Cre-
taceous sand and clay. The breccia caps are remnants of once more
extensive beds which lay on the crystalline rocks of the mountains.
At Lincoln the underlying rock is granodiorite and the topography
is softer and more rounded. Here certain of the lava-capped hills
are detached from the mountains and descend westward until the
lava is partly buried by the sediments of the red lands. South of
Lincoln the flat-topped andesitic hills are more conspicuous and
really form the mountain front. From American River southward
to the Mokelumne no lava occurs at the foot of the mountains, but
the Tertiary sand and clay are very thick. There is every gradation
from red lands formed of older alluvium to flat-topped hills of Tertiary
clay and tuff with only a thin veneer of alluvium, and finally patches
of the Tertiary beds in the form of flat-topped hills resting on rounded
masses of crystalline rock.

FOOTHILLS OF THE COAST RANGES.

The larger ranges and valleys of the Coast Ranges owe their relief
in large part to faulting.!* In detail the topography is due to the
relative resistance of the rocks to weathering. The sandstones and
conglomerates form ridges, and the shales form valleys. As the rocks
have been tilted to high angles, the ridges generally trend in the same
direction, and most of the valleys are narrow.

The lowest hills are unforested and grass covered; the higher ones
are covered by only a scanty growth of low trees. The linear ridges
with their steep slopes make a sharp contrast with the adjacent red
lands and low plains.

From Stony Creek to Williams the trend of the ridges is shghtly
west of north. Toward the west each succeeding ridge rises
higher above the blanket of alluvium on the lowest ridges and the
intervening valleys become in general narrower and higher. The
lower ridges have somewhat smooth crests except where streams
have cut charp V-shaped notches. These crests indicate an old
plain of erosion on which the alluvium was laid down. This plain
has been deformed and plunges under the valley fill on the east and
rises into the mountains on the west, where it is lost in a tangle of
serrate ridges.

South of Williams the ridges trend southeastward. They follow
the western margin of the plateau of alluvium thrown up by the
Hungry Hollow fault (see p. 79) and the fringe of alluvium of similar
origin south of Esparto.

19 Lawson, A. C., U. 8. Geol. Survey Geol. Atlas, S8an Francisco folio (No. 193), p. 15, 1914.
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Near Vacaville the ridges project into the valley toward the Mon-
tezuma Hills. They gradually decrease in altitude from 800 feet to
100 feet and are surrounded and isolated by the alluvium of the
low plains. West of this line of hills between Suisun Bay and the
indented and abrupt border of the mountains lies a low plain which
is often called Suisun Valley. It is not properly a part of Sacra-

mento Valley.
MARYSVILLE BUTTES.!

The Marysville Buttes are a cluster of hills about 10 miles in
diameter, culminating in South Butte, 2,132 feet above sea level.
North Butte has an elevation of 1,863 feet. The central area, about
4 miles in diameter, is composed of andesite, a lava that was pushed
up from the interior of the earth in a molten but stiff condition.
Around the andesite is an irregular belt of sandstone and shales of
Tertiary age, bent upward by the force of intrusion of the andesite
so that they dip away from the center at angles of 18° to 90°. An
outer belt, about 2 miles wide, of tuffaceous breccias, consisting of
angular fragments of lava of various sizes with some pebbles of other
rocks, surrounds the sandstone and shales. The material of these
breccia beds probably once flowed from the crater of the volcano as a
thick stony mud. The streams flowing down from the buttes have
broad valleys which are filled with alluvium in their lower courses.
The hills have an outer slope of 250 feet to the mile and a steeper
in-facing scarp or bluff. A projection of the outer slope to the center
would restore the outline of the old volcano, making it about 5,000
feet high, or over twice the present height.

RED LANDS.
CHARACTER AND DEFINITION.

On both sides of the valley, lying above its flat interior parts and
below the rugged foothills of the adjacent mountains, are broad
belts, gently undulating and in places even hilly, which are here
designated the red lands. They are variously known as ‘“high
plains,” “valley plains,” or simply “plains.”” Where much broken
they are called hills, as Montezuma Hills and Hungry Hollew Hills.
The name red lands is used because these belts have a somewhat red
soil except between Red Bluff and Chico, and even here, where all the
soils are brown because of their derivation from the Tuscan tuff, the
soil of the red lands is more reddish than that of the low plains.

ORIGIN.

The red lands are composed of alluvium laid down by the streams
after the adjacent mountains were uplifted. This alluvium, which

1t Diller, J. 8., and others, Guidebook of the western United States, Part D, The Shasta Routé and
Coast Line: U, S. Geol. Survey Bull. 614, p. 75, 1915,
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is called the older alluvium, has also been uplifted and is now being
dissected by the streams. The red lands are therefore deformed and
eroded alluvial slopes, whose character depends on their original
form, the nature of the deformation, and later erosion.

After the mountains were uplifted débris from them was deposited
in the valleys, first at a rapidly increasing and then at a gradually
decreasing rate. Fluctuation in the volumes of the streams pro-
duced differences in the rate, but on the whole the streams carried

so much water that they swept the bulk of the material far out
toward the center of the valley and dropped only small amounts
immediately adjacent to the mountains. This appears to have been
the method of distribution of the older alluvium, for in most places
it is thin—less than 50 feet thick along the border of the valley and
probably nowhere more than 400 feet except, perhaps, in the vicinity
of Oroville.

The movements that uplifted the older alluvium were diverse in
kind but appear to have been nearly simultaneous. Where similar
material was lifted the same distance above base-level, the degree of
dissection is about the same, indicating equal lengths of time for
erosion, as is shown, for example, by the mature stage of erosion
attained in the Montezuma Hills (see Pl. VI, B) and in the southern
part of the Hungry Hollow Hills (Pl IX, B) and the comparable
degree of dissection of the red lands south of Red Bluff and between
American and Mokelumne rivers. This subject is further discussed
under the beading “ Terraces” (p. 21).

The movements that elevated the red lands and exposed them to
erosion were of three well-defined types. The uplift on the east side
of the valley from Red Bluff to Chico took place along a monoclinal
flexure, which affected not only the older alluvium but also the
underlying Tuscan tuff. This movement resulted in the uplift of
the alluvium in a narrow belt from the Iron Canyon to the Rio de
los Berrendos and in a broader belt from that stream southward to
Chico. On the opposite side of the valley the alluvium was uplifted
on the western limb of a broad synclinal warp of slight curvature,
which affected this portion of the valley. The amount of uplift
was about 50 feet near the river but increased to 200 to 300 feet or
more near the Klamath Mountains, 25 miles west. As a result, the
older alluvium was uplifted in a belt about 12 miles wide. From
Orland southward to Williams a similar uplift took place but with
a greater curvature, so that the outerop of the older alluvium forms
only a fringe along the foothills that decreases in width southward
as the older alluvium plunges beneath the younger alluvium with
increaging dip. On the east side of the valley from Chico to Moke- -
lumne River the uplift consisted of warping similar to that between
Red Bluff and Williams. The amount and curvature of the warping
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were not the same in different localities, and in consequence there is
considerable variation both in elevation and in slope toward the
center of the valley throughout this area. From Williams south-
ward to Vacaville there was uplift along two nearly parallel normal
faults, with the upthrow on the mountain side. Of these the Hungry
Hollow fault is by far the longer and more pronounced.

NORTHERN SECTION. -

In the northern part of the valley, from Red Bluff to Hamilton,
the red lands extend almost to the middle of the valley and Sacra-
mento River runs in a wide, shallow trench between the discontinu-
ous bluffs that border these lands (Pl. III).

On the east side the red lands are narrow and not sharply separated
from the low plains in the vicinity of Red Bluff, but farther south they
increase in width and definiteness until at Vina they are about 4
miles wide and are separated from the low plains by a bluff about
50 feet high. In this region they are cut by narrow terraced valleys
which contain streams of considerable volume heading in the adjacent
volcanic plateau. South of Vina the red lands become lower and
narrower and disappear before reaching Chico.

West of the river the inner or eastern border of the red lands forms
an almost continuous bluff from Red Bluff south to Tehama. From
Tehama to the Glenn County line, near Stony Creek, the border
is more broken and comes down toward the river in a series of more
or less detached knolls and ridges. Below the rolling summits which
give the plainlike character to the region are narrow flat-bottomed
valleys of the tributary streams, from 1 to 4 miles apart. The dis-
section of the plain by the streams has not been a simple process,
but there have been successive stages in the downcutting, as is
shown by a series of terraces along the streams and by broad flats
here and there that are only slightly below the general level of the
plain. The soil on such flats is slightly different from that of the
general surface of the red lands, which is distinguished on the soil
maps under the name Tehama series.!

SOUTHERN SECTION.
EAST SIDE.

From Chico southward to Yuba River the red lands occupy a
considerable area on each side of the deep and terraced gorge of
Feather River. From Chico southward and from Yuba River north-
ward the red lands increase from scattered patches of higher land
swrrounded by lowland to broader and broader tracts of highland

12 Holmes, L. C., and Eckman, E. C., Soil survey of the Red Bluff area, Calif.: U. S. Dept. Agr. Bur.
Soils Field Operations, 1910, map, 1912.
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with flanking spurs and more or less detached knolls until on each
side of Feather River they form broad bench lands from 300 to 425
feet above sea level. These bench lands slope toward the middle of
the valley, and near Biggs they merge into the low plains by a smooth
gradation, as if the higher plains dipped under and were submerged
by a rising flood of material which now composes the low plains.
South of Feather River, however, Honcut Creek and Wyman Ravine
are bounded by steep bluffs and rugged hills. Here the edges of the
red lands are ragged spurs. and sharp slopes which are in marked con-
trast to the low plains that form the valleys of these streams. In the
region lying south of Yuba River, east of Feather River and the
American Basin, and west of the foothills, the red lands are only
slightly elevated above the present level of the streams. These lands
rise gradually eastward to an altitude of 100 to 300 feet, but their
transition into the low plains is so gradual that their western boun-
dary is poorly defined and must be drawn somewhat arbitrarily. A
typical tract of dissected red lands is shown in Plate IX, A4, and
the general appearance of such areas in Plates V, B, and VIII, 4.
South of American River as far as Mokelumne River the same gradual
transition in the low plains is evident, but the eastern parts of the
red lands are higher and merge into flat-topped foothills of Tertiary
sands and clays. Only the tops of the hills are covered with allu-
vium, and their form is largely the result of the erosion of the harder
and older rocks. The valleys of American River, Cosumnes River,
Laguna Creek, Dry Creek, and Mokelumne River divide the red lands
into broad, flat-topped masses that are but slightly modified by ero-
sion and have been dissected by minor streams only along the margins.

WEST SIDE.

Although the red lands on the west side of Sacramento Valley are
less extensive than those on the east side they are much more sharply
defined. This difference is due (1) to the character of the movement
which uplifted the red lands and which tended to make a sharper
break between them and the low plains; and (2) to the decided dif-
ference in color between the older and younger alluvium of the west
side. The younger alluvium, composing the low plains, is brown or
yellow, whereas the older alluvium, composing the red lands, has a

~decided red tinge. This contrasting color is absent in many places

on the east side, where the two bodies of alluvium are of nearly the
same color.

From Stony Creek south to Williams the red lands occupy very
small areas flanking the foothills of the mountains. Near Willows
they are 2 to 3 miles wide and rise from 100 to 200 feet above the
adjacent streams. They have a greatly dissected surface that slopes
abruptly from the foothills to the low plains. From Willows south
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toward Williams the red lands decrease in width and altitude and
finally are represented simply by patches of gravelly soil at the base
of the foothills.

The most extensive area of red lands on the west side begins at
Williams and extends southeastward to Cache Creek. The south-
ern part is called the Hungry Hollow Hills, and this name is some-
times used for the whole area as far north as Williams. It consists
of a plateau from 100 to 450 feet above sea level composed of
flat-lying soft alluvial materials and volcanic ash. It is bounded
on the northeast by a remarkably straight and uniform escarp-
ment produced by faulting. The streams cross the plateau from
southwest to northeast flowing at right angles to this escarpment.
(See PL. IX, B)) In the southern part they have thoroughly dis-
sected the plateau so that it now consists of a series of hills and
valleys with remarkably steep slopes, yet each hill rises to the com-
mon level of the plateau surface. Farther north considerable tracts
of the original flat-topped plateau remain. Here the altitude is
great enough to assure a considerable rainfall, and a sparse forest of
oak ahd manzanita covers the hills. The southern section, or Hungry
Hollow Hills, has always been treeless and is at present wholly
devoted to the growing of grain. South of Cache Creek the plateau
dies out in a series of isolated rounded knolls, which rise above the
low plain and may be dlstmgulshed at considerable distances by
their reddish color.

South of Cache Creek, but with an offset toward the west, another
tract of red lands, apparently bounded by a fault scarp, fringes the
foothills, increasing in width toward the south until at Winters it is
from half a mile to 2 miles wide. Southward from Winters the red
lands decrease in width, and about 4 miles north of Vacaville they
come to an end.

At the south end of the valley, on the north side of the narrow
throat through which San Joaquin and Sacramento rivers find their
way into Suisun Bay, are the Montezuma Hills. This group of hills
is circular in outline, is approximately 12 miles in diameter, and on its
west side abuts against somewhat detached outliers of the Coast
Range. It forms a greatly dissected part of the red lands, sloping
from altitudes of 250 or 300 feet above sea level on the southwest to
only 25 feet on the northeast, where the hills merge with the surface
of the low plains and with that of Yolo Basin. On the south and
southwest the hills are bounded by sharp bluffs which overlook Sacra-
mento River or small plains from half a mile to a mile wide, bordering
the salt marshes and Suisun Bay. Although the topsof thehills rise to
a common level that slopes toward the northeast, the hills are rounded,
and practically no flat surfaces of the former plain remain. (See Pl.
VI, B.) Streams working in from all directions but principally from
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the south and west have carved the original plateau into a maze of
hills and valleys having extremely steep slopes. This dissection has
been rapid and comparatively recent, for the streams have not yet
developed flood plains or meanders and are still engaged in cutting
down rather than in widening their valleys. Thus this plateau has
about reached a stage of maturity in its erosion, yet a maturity which
represents a comparatlvely short interval of time, because of the soft-
ness of the material in which the streams are working. The slopes of
the hills, although very steep, retain a soil and are under cultivation.

EROSION IN THE RED LANDS.

The smooth slopes and rounded summits characteristic of the
Hungry Hollow Hills (Pl. IX, B), the Montezuma Hills, and other
areas of red lands (Pl. IX, A) are a reflection of the strictly seasonal
rainfall of the valley, combmed with the relatively high winter tem-
peratures. (See pp. 456-51.) In August and September the soil is
dry, hard, and commonly cracked to considerable depths. With the
first rains, which usually come in October, grass springs up, either
from seed or perennial rootstocks. With the usual mild winter tem-
peratures growth of grass and other vegetation continues through
the winter and culminates in the spring. -

The effect of this vegetative cover on erosive processes is striking,
for the surface of the ground is protected during the five winter months
of rainfall, and erosion takes place under conditions similar to those
of a humid climate. During the summer, when the grass dries up and
the surface of the ground is least protected, solittle rain falls thatno
erosion takes place. In effect, the seasonal rainfall of the Sacramento
Valley gives the topographic results of twice the amount. The mean
annual rainfall of the Hungry Hollow and Montezuma hills is between
20 and 25 inches; they have, however, the rounded forms, smooth
slopes and soil of an area with 40 to 50 inches of rain. If they re-
ceived 20 inches more uniformly or even irregularly distributed
throughout the year, the soft sands, incoherent gravels, and clays
would doubtless be carved into more irregular hills and probably into
badlands. A similar analysis of topographic form might be profitably
made in the lower parts of the Sierra Nevada and Coast Range.

The soils, however, because of freedom from plant growth and of
thorough oxidation in the dry summer season, are similar to other
arid soils in containing undecomposed feldspars and other minerals
and in high nitrate content. It seems probable also that erosion,
being operative for half the year only, is only half as rapid as in a
humid climate.
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TERRACES.
. CHARACTRR AND INTERPRETATION.

The streams tributary to Sacramento Valley have terraced valleys
in the edges of the foothills and in the redlands. These terraces vary
in height and width in the different valleys, but in any one valley they

‘are constant in their relative height above the stream and fall into
two groups—a higher group and a lower group intermediate between
the upland surface of the red lands and the flood plains. The
terraces occur as detached benches along the valley sides, the upper
ones from 20 to 50 feet below the general upland of the red lands and
the lower ones from 10 to 20 feet below these and from 5 to 20 feet
above the modern flood plains (PL. X, A, B). In some places, as in
the Hungry Hollow Hills, each terrace is capped by gravel and sand
from 2 to 10 feet thick.

Only the streams that rise in the mountains and cross the valley
border have terraces. No terraces occur along the streams that have
cut the swales in the red lands near Corning, nor along thé streams
of the Montezuma Hills. The Marysville Buttes have steep-sided
radial valleys without terraces, which are flat-bottomed, especially
near their lower ends. These valleys contain from 10 to 40 feet of
alluvium, whose surface is continuous with the low plains. The
buttes appear to be drowned in a rising tide of alluvium which con-
stantly raises the local base-level of the streams and thus causes them
to aggrade their valleys.

The terraces represent not less than three stages of cutting of the
older alluvium. The series of events appears to have been as fol-
lows: (1) Erosion of valleys in the older alluvium; (2) deposition
of sand and gravel on the floors of these valleys; (3) erosion of new
valleys, leaving the remnants of the previous valley floors as the high
terraces; (4) deposition of sand and gravel on the new flood plains;
(5) erosion to the approximate level of the present stream channels,
leaving as before the remnants of the previous valley floors as low
terraces. The number of these stages appears to be the same for
the whole valley. The terraces are also comparable in magnitude.
They must therefore be the result of a general agency operative
over the whole valley and the area draining into it.

The origin of the terraces is probably to be explained by one of the
following two hypotheses: (1) That the terraces are due to stream
erosion and lateral planation accompanied by incidental deposition
during a series of earth movements which deformed the borders of
the valley—this may be called the diastrophic hypothesis; (2) that
the terraces are due to fluctuations in the ratio of sediment to volume
of water, caused by changes in climate during the period of dissec-
tion of the older alluvium that followed uplift—this may be called
the climatic hypothesis.

107736—23—wsp 495——3
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DIASTROPHIC HYPOTHESIS.

Earth movements resulting in the uplift of the bordering mountains
and depression of the valley preceded deposition of the alluvium.
Similar movements have continued more or less intermittently to
the present day (p. 78).

The red lands were uplifted above stream grade by such move-
ments, which were diverse in character and amount. (See p. 78.)
If these uplifts occurred in a series of stages separated by pauses,
with each uplift a valley would be formed in the older alluvium and
some deposition of channel gravel would take place, and by renewed
uplift this valley would again be cut. This series of events would
form the present terraces. In any one group-they could not readily
be distinguished from those formed under the climatic hypothesis.

The terraces, irrespective of the locality, are the same in number
and comparable in relative height. This implies an uplift of a total
amount varying from 100 to 400 feet, in three stages, yet each with
the same relative amount throughout the valley, the first greater
than the second and the second greater than the third. For a large
region such as Sacramento Valley such correspondence implies an
exceeding delicacy of adjustment of the earth’s crust. Study of the
mechanism of the movement shows that uplift took place by faulting,
monoclinal folding, and warping of several degrees of magnitude.
Yet the hypothiesis holds that there were three stages in uplift at
many localities and that with each of these stages there were several
types of uplift. The Montezuma Hills, however, in the extreme
southern part of the valley, form an area of uplifted alluvium, which
shows no terraces, so that the results of this uplift are strikingly
different from those of other movements. Under the climatic
hypothesis this exceptional condition is easily explained (p. 24).

It might be assumed that the full uplift of the older alluvium took
place in a single movement of somewhat diverse character, and that
the terraces are due to a change in base-level produced by changes
in the outlet of the river at Carquinez Straits. Such an assumption
would imply that when the tributary streams were at the level of the
upper terrace Sacramento River was at a higher altitude in the middle
of the valley or that the sea occupied the valley. As there are no
projecting remnants of river deposits in the center of the valley nor
marine fossils at shallow depths, this modification of the hypothesis

appears untenable.
CLIMATIC BYPOTHESIS.

The terraces were cut at a time of fluctuating climate in the Pleis-
tocene epoch and thus may be due primarily to a climatic cause.

If uplift of the older alluvium took placé in a single movement and
at a time when the volume of the streams was large in proportion to
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the amount of sediment, erosion of the alluvial belt between the
mountains and the middle of the valley would take place easily and
valleys would be formed. A change in the regimen of the streams
by which the amount of water was reduced in proportion to the
amount of sediment would tend to choke the channels with débris
and cause deposition rather than erosion in this belt. This is illus-
trated by the effect upon the channels of Bear and Yuba rivers of
the sediment poured into these streams by the operations of the gold
mines. A return to the first condition, however, would result in the
cutting of a new valley, portions of the old valley floors being left
as the first or highest terrace. Completion of the cycle would form
the second terrace.

If the middle-of Sacramento Valley were fairly deep at the begin-
ning of the process or sank gradually at equal pace with the filling,
then there would be no evidence of fluctuation in the rate of deposi-
tion in the central region. The topography of the Marysville Buttes
is quite consistent with this assumption.

Changes in climate and their effects on erosion and sedimentation
extend over large areas. If the terraces of Sacramento Valley are
due to climatic causes, similar terraces should occur in San Joaquin
Valley. Terraces occur generally along the streams of San Joaquin
Valley, but no detailed study of them has been made. In certain
places there are more terraces than can be found on the streams in
Sacramento Valley. On Zapato Creek, near Coalinga, Arnold and
Anderson ** noted seven terraces, and one of their photographs *
shows at least five terraces. Some of the terraces are probably due
to local deformation, but variation in the number of terraces could
be caused in a number of ways under the climatic hypothesis.

1. If uplift in the several parts of the region was not synchronous
but took place at different times throughout a period of fluctuating
climate, streams in the areas first uplifted would show more terraces
than those in areas affected later. The same number of terraces on
all streams, as in Sacramento Valley, implies coincident uplift. There
is, however, nothing improbable in the assumption that uplifts oc-
curred earlier in San Joaquin Valley than they did in Sacramento
Valley.

2. With coincident uplift certain terraces may be suppressed be-
cause the climatic changes occurred within so short a period after the
uplift that the stream action was so controlled by the increased
grade as to make climatic fluctuations ineffective.

3. A terrace may have been formed and subsequently destroyed
by lateral erosion of the stream or by weathering.

13 Arnold, Ralph, and Anderson, Robert, Preliminary report on the Coalinga oil district, Fresnoand King
counties, Calif.: U. 8. Geol. Survey Bull. 357, p. 61, 1908.

1 Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Coalinga district, Calif.: U. 8.
Geol. Survey Bull. 398, pl. 4, 1910.
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4. Tt is doubtless true also that certain streams whose headwaters
lie in the zone of maximum effect of climatic change would be more
sensitive to such change than others. These streams would have
terraces which recorded the minor pulsations of climate, and such
terraces might be faint or lacking on other streams.

It would appear, however, that there are many more terraces along
Zapato Creek than on adjacent and similar creeks. If such differences
are common throughout the region, they would imply that at least
some of the terraces are due to pauses in an uplift which varied locally
in its rate and in its amount. Thus the occurrence of seven terraces
on Zapato Creek lends strength to a hypothesis of diastrophic origin
of all the terraces of the Great Valley. So far as Sacramento Valley
is concerned the hypothesis of climatic origin of the terraces has by
far the strongest backing, for it postulates a single earth movement,
somewhat diverse in its mechanism, resulting in the uplift of the
mountains and the downbowing of the valley, in contrast to a series
of such movements comparable in amount in spite of variation in
mechanism from place to place.

The questions then arise as to what changes of climate will produce
the necessary changes in regimen of the streams and what changes in
climate are possible. In regard to the first question, the known
fluctuations of climate in Pleistocene time were from cold to warm;
are, then, simple changes from cold to warm sufficient to give the
required change in regimen of the stream?

In mountainous regions of large precipitation, such as the Sierra
Nevada, increased cold would cause all the precipitation at higher
levels to fall as snow. The blanket of snow would prevent increased
frost action and would add to the volume and violence of the spring
floods.!® Thus with no increase in sediment there would be more
effective stream action, resulting in erosion on the alluvial slopes and
in the sweeping of sediment farther out into the valley. If increased
cold were accompanied by inereased precipitation, the effect would
be accentuated not only by increase in the total run-off but also by
the decredse in load resulting from a better vegetative cover on the
lower slopes and foothills of the mountains, for such a cover would
prevent erosion.

A change to warmer conditions would cause moisture to fall as
rain, instead of snow, leading to increased frost action in the upper
parts of the mountains and perhaps also to increased chemical action
in the middle slopes. In addition, the run-off would be mere constant
throughout the rainy season and the floods of the streams would be
of less volume because more prolonged. Consequently besides a prob-
able increase in the volume of waste there would be a decrease in the

15 Barrell, Joseph, Relation between climate and terrestrial deposits: Jour. Geology, vol. 16, pp. 174-175
1908,
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effective stream volume. If this change toward warmer climate were
accompanied by decreased precipitation the run-off would be further
diminished, while the loss of vegetation accompanying the decrease
of rainfall on the lower slopes and foothills of the mountains would
bring about increased erosion and an increase in the sediment sup-
plied to streams.

That there were changes in precipitation as well as in temperature
seems to be indicated by the conditions of erosion in the Coast
Ranges. In thehigher parts of the Sierra Nevada active and vigorous
erosion due to frost action is undoubtedly going on, but it seems
probable that in the middle slopes of the mountains, where the
annual rainfall is from 30 to 40 inches and the climate mild, erosion
is not of great importance in furnishing material to the streams.
This conclusion is based upon the fact that in the V-shaped canyons
of the Yuba in the vicinity of North San Juan disintegrated granite
and residual soil are found upon the steep slopes close to the river,
which shows that even on the steep slopes erosion is not so vigorous
as to prevent the formation of residual soils. In the Coast Ranges,
however, the bulk of the mountain mass is below the level of abundant
rainfall, and erosion takes place under more arid conditions. Under
such conditions a change from warm to cold climate would tend to
increase frost action and consequently increase the sediment sup-
plied to the streams.'

For the Coast Ranges, therefore, unless increased cold is accom-
panied by some increase in moisture and consequent protection of
the lower parts of the ranges by a forest cover, this climatic change
might produce results opposite to those on the other side of the valley.
As the results appear to have been similar on both sides of the valley,
it is necessary to postulate changes both in temperature and in
precipitation.

As to whether the cold periods of Pleistocene time were accom-
panied by increase in precipitation and the warm periods by decrease
in precipitation no very precise conclusion has been reached. The
work of Huntington!”in central Asia has shown that glacial moraines
of the mountains are associated with terraces along the rivers and
with strand lines around the salt lakes in the centers of the desert
basins. He concludes that these features are due to a c¢ommon
climatic cause, that moist epochs follow dry epochs, and that in-
crease in moisture may be due either to heavier precipitation or to
diminished evaporation because of lower temperature.

¥ Barrell, Jassph, op. cit., p. 174,
17 Hyntington, Ellsworth, Some characteristics of the glacial period in nanglaciated regions: Geol. Soc.
America Bull., vol. 18, pp. 351-388, 1907.
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LOW PLAINS.

The low plains consist of very gentle alluvial slopes on the oppo-
site sides of the valley. (See Pl. V, A.) They are bounded on
their outer sides by the red lands or by the foothills of the mountains,
and on their inner sides by the level lands known as the basins or by
the river lands. They owe their form to processes of deposition
which are still in action. The operation of these processes is gen-
erally recognized, even by the farmers, who take advantage of the
overflow of the streams to fertilize their land and to fill low spots
with sediment carried by the flood waters.

RELATION OF TOPOGRAPHIC FORM TO THE REGIMEN OF STREAMS.

Rivers tend to produce certain topographic forms by the deposi-
tion of sediment along their courses. These forms may be either
evanescent or permanent. If the stream tends to pick up material
which it has temporarily laid down, the topography near the channel
will vary each year. If material once deposited is not again picked
up, either because of decreased volume of water or because of some
other change in the character of the stream, the resulting topographic
forms are permanent. It is found also that these topographic forms
differ according to whether the stream is perennial, intermittent, or
ephemeral in its flow. The streams of the west side of the valley
are largely intermittent or ephemeral; most of those of the east side
are perennial. Consequently characteristics of intermittency are
developed largely on the west side, the only notable exception being
in the alluvial fan near Chico.

SIMPLE ALLUVIAL FANS.

Where an ephemeral or intermittent stream, carrying large quan-
tities of relatively coarse sediment, flows from a higher area into a
lower one it may build up in the lower area a sloping plain more or
less semicircular in outline, having its highest point, or apex, near
the debouchure. of the stream. Thus the plain has the form of part
of a low, flat cone. Old stream channels radiate from the apex of
the cone and thus on a map it resembles a fan. Such a plain is called
an alluvial cone or fan. The stream builds up its channel in periods
of flood, when as it overflows its banks the velocity of the current is
checked and consequently the sediment is deposited. When a
channel has been built above the adjacent parts of the fan, the stream
tends to break out, to take a lower course, and to build that up in
turn. Consequently, the stream shifts from side to side along the
radii of a circle which has its center at the point of debouchure from .
the higher land. As the water subsides erosion takes place and one
or more channels are cut into the surface of the fan. There are two
notable examples of such fans in Sacramento Valley—the Stony Creek
fan and the Chico fan.
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STONY CREEK FAN.

The fan of Stony Creek has its apex west of Orland, at the point
where the stream enters the valley. (See Pl. IV.) The stream has
swung back and forth in a quarter circle between the bluffs of the
red lands on the north and the foothills of the Coast Ranges on the
west. The lower slopes of the fan extend almost to Sacramento River
and south as far as Willows. The fan covers an area of about 10
miles east and west and about 15 miles north and south. Stony
Creek has at present a gravel-bottomed channel from an eighth to a
quarter of a mile wide extending along the northern part of the fan
through Orland to Sacramento River at Munroeville. It is the most
southerly of the west-side streams to reach the river. During the
greater part of the year there is but little water in the channel.
During floods, however, the stream is wide and transports large
quantities of relatively coarse material, as much as 2 inches in diam-
eter. South of the present channel, spread out over the fan in
irregular radii, are ridges of gravel that represent old channels
occupied by the creek in former times.

CHICO FAN.

- The Chico fan lies west and southwest of the town of Chico and is
built up from the deposits of Little Chico and Chico creeks and to a
minor extent from the deposits of Butte Creek. It is a rudely semi-
circular area about 8 miles in diameter, bounded on the north by
the remnants of the dissected red lands and fading out toward the
south into the upper parts of Butte Basin (Pl. III). The streams
occupy channels 10 to 40 feet wide and 5 to 20 feet deep. Small
amounts of water flow in these channels until late in the summer.
The spring floods ordinarily overflow the banks and form broad sheets
of moving water which spread over the country in all directions.
The gravel in the channels is exceedingly coarse and much waterworn.
The predominant pebbles are about 6 inches in diameter. The fan,
however, is composed largely of fine sand or sandy loam, and the
slope is more gentle and more uniform than that of the Stony Creek
fan. The characteristics of this topography can be distinguished on
Plate IV by careful inspection or may be seen in detail on the large
scale topographic maps of the area. This difference between the
two fans appears to be due to the differences in the regimen of the
streams. Little Chico, Chico, and Butte creeks flow out of high,
well-watered, and wooded mountains composed of relatively hard
rocks. Consequently their floods are less pronounced and have longer
duration. The streams overflow their channels, which are deep and
relatively narrow, for only a short time, and during the remainder
of the spring they are confined to the channels. Thus they deposit
in their channels chiefly coarse, well-rounded gravels that can not be
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borne along by the relatively swift restricted streams, and during their
overflow they deposit fine material only. Stony Creek, on the other
hand, flows from a drier and relatively unforested range, composed
of relatively soft rocks. Consequently it is characterized by more
violent floods. It carries larger volumes of sediment and during the
periods of highest water completely overflows and deserts its old
channels, laying down mixtures of coarse and fine material. Thus,
although in general the same kind of topographic form is produced
on each side of the valley, a difference in the regimen of the streams,
due to differences in climatic conditions and topography of the
drainage basins, produces differences in detail relating not only to
the width of stream channels and to the minor rugosities of the surface
but also to the size and degree of sorting of the material laid down.

COALESCING FANS.

When two or more streams flow out from a highland closely adjacent
to one another they may build a sloping plain which is relatively
high near the highland and lower farther out and which is composed
of a series of fans in whose growth there has been mutual interference.
This process produces a piedmont slope or series of coalescing fans.
The low plains at the foot of the Hungry Hollow Hills in the vicinity
of Arbuckle consist of such a series of coalescing fans (Pl. IV). Here
the streams that supply the sediment are short. They rise within the
Hungry Hollow Hills and derive their sediment from the dissection
of the soft alluvium of which these hills are composed. Deposition
takes place only during the floods, as the streams are ephemeral not
perennial. Consequently the material is poorly assorted, coarse
being mixed with fine, and there are numerous irregularities of the
surface due to the presence of many abandoned channels.

CHANNEL RIDGES.

On the west side of Sacramento Valley, from Willows southward
to the Montezuma Hills (P1. IV), there are many intermittent streams
that issue from the foothills or red lands, loaded mainly with fine silt.
These streams have built topographic features that differ markedly
from those properly called fans. The channel of each stream is
paralleled by raised banks that are essentially natural levees and that
are built of sediment dropped by the water as it overflows in time of
flood. These raised banks attain a height of 3 to 20 feet above the
bottom of the channel, according to the size of the stream. The
gentle outward slopes vary in width, becoming narrower downstream,
and according to the size of the stream may attain a width ranging
from 500 yards to 3 miles,

It is the habit of these streams, however, not merely to build
up their banks but also by deposition gradually to raise their beds,
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the tendency being to flatten the gradients. Bed and banks together'
thus slowly gain in elevation until in the course of time they form a
double-crested ridge that stands 10 to 25 feet above the lowland on
each side. Owing to the gentleness of their outer slopes such ridges
are not conspicuous topographic features; some of them, indeed, are
so inconspicuous that the eye scarcely-perceives them, and leveling
by means of accurate instruments is necessary to indicate their
presence. In time of flood, however, when the lowland on either
side is inundated, their double crests often remain emergent above
the water for long distances and resemble sinuous causeways or
dikes. A casual inspection of the map (Pl. XI) shows that most of
the farmhouses in this region are located at or near the crests of
_channel ridges.

Occasionally during floods the stream breaks one of its raised
banks. A part or all of the water rushing through the gap and
down the slope of the natural levee forms a new divergent channel,
which in time is built up like the old one. The abandoned channel
below the point of diversion then remains with its raised banks as a
low, perhaps partly disconnected double-crested ridge. Diversions
of this kind may occur at several points along the course of the
stream, and thus there arises a system of irregularly forking ridges.

The ridges described are not inherently different from those pro-
duced on a larger scale by eertain aggrading rivers such as the Missis-
sippi and the Sacramento. They have, however, not been recognized
as likely to occur as features of intermittent or small streams. Only
slight attention has been given to them by physiographers, but
features of this type in Sulphur Spring Valley, Ariz., have been
described.’* It is tentatively proposed to call them ‘‘channel
ridges.”

In local usage the inhabitants of Sacramento Valley generally
apply the term ‘slough” to small streams, particularly to slug-
gish or swampy streams. The dry channels on abandoned channel
ridges have the same formm as active streams and are frequently
called “dry sloughs.” This term, however, seems scarcely appro-
priate and will not be used here.

A traveler going north or south through the western part of Sacra-
mento Valley crosses a large number of these channel ridges. Some
still contain the beds of intermittent streams; others are abandoned
and permanently dry. They are especially numeraus and well
‘developed along the west side of Yolo Basin. Indeed, the low
plains of this region are so largely made up of branching and inter-
lacing channel ridges that they form a distinct type of alluvial
slope which may be called a channel-ridged plain.

18 Meinzer, O. E., and Kelton, F. C., Geology and water resources of Sulphur Spring Valley, Ariz.: U. 8.
Geol. $urvey Water-Supply Paper 320, p. 31, 1913.
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The contours representing the ridges on the map (Pl. IV) describe
long loops pointing downstream and sending forth lateral loops here
and there. On some ridges the channel is deep enough to be shown
by a narrow reentrant loop; on others, more especially on the older
abandoned ridges, the channel is too shallow to be thus indicated
and the double-crested character of the ridges is not brought out.
It will be seen that the gradient of the ridge crests is very low, usually
5 to 10 feet to the mile. Between the channel ridges intermittent
streamlets carry off the local rain water in the hollows and assist
in draining the flood waters. These streamlets thus have a minimum
of sediment and some of them erode their beds and form slight gullies.

One of the largest channel ridges in Sacramento Valley and one
that may be considered typical is known as Knights Landing Ridge .
(PL XT). It marks a former channel of Cache Creek called Cache
Creek Slough. The ridge is about 6 miles long and fully 25 feet
high. It has been built out to the very middle of Sacramento Valley,
and at the time when it was built up Cache Creek must have been
a tributary of Sacramento River.

VALLEY FLOOD PLAINS.

Toward the sides of Sacramento Valley the low plains merge into
and are represented by the flood plains of the tributary streams.
These flood plains are of two types—those of large, relatively perma-
nent streams, which carry large quantities of water in proportion
to the amount of sediment, and those of relatively minor streams,
which are intermittent or ephemeral. The intermittent streams
usually form alluvial plains of the several types already described,
but certain of them are so inclosed between bounding valley walls
that there is no opportunity for the formation of alluvial fans or
channel ridges.

In the first class are the flood plams of Mokelumne, Cosumnes, and
American rivers. These plains are from half a mile to 2 miles wide
and lie from a few feet to 20 feet above the rivers, and through them
the rivers run with sinuous but not meandering courses. The river
channels are floored with gravel, but the flood plains are underlain by
a few feet to 20 feet of sand, silt, and clay. During low stages the rivers
occupy only their channels, where they roll along the pebbles and
boulders of the channel gravels, rounding them by attrition. During
floods muddy water spreads over the whole area of the flood plain
and deposits the fine material, with which less well rounded gravels
are somewhat rarely associated. Characteristic features of these
flood plains are flood channels, abandoned river channels, and lakes
formed by channels cut below the ground-water level.

The regimen of Bear and Yuba rivers has been so changed by the
‘activities of man that the flood plains no longer present their original
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appearance. In 1850 Yuba River was a clear stream, flowing on a
gravel bottom about 20 feet below the level of the pier at D Street in
Marysville, a mile above its junction with Feather River. At the
present time Marysville is inclosed in a levee to protect it from floods,
and Yuba River occupies a great raised channel way from a quarter
of a mile to 2 miles wide, subdivided into several braided gravelly
channels (Pl. IV). During floods the river water is about 20 feet
above the level of D Street in Marysville. This condition is & result
of mining activities in the mountains. Large quantities of recent
and ancient gravels, disturbed in washing for gold, have given to the
river an excessive load of débris. This mass of material has been
constantly pushed downstream by recurrent floods and is now 84 feet
deep at the Narrows, in the foothills, and 7 feet deep in the neighbor-
hood -of Marysville.® The finer material has been largely carried
away, but the coarser gravel and sand is prevented from being spread
over the adjacent low plains only by artificial levees. Thus the flood
plain of Yuba River, which formerly lay between inclosing banks of
alluvium and merged gradually with the low plains and river bottoms
near Feather River, is now raised to the level of parts of the red lands
and stands as a ridge above the adjacent low plains. Consequently
the country between this ridge and the ridge composed of the natural
levee of Feather River has been converted into a new basin in which
lies the town of Marysville.

Many small streams have flood plains along their courses through
the rocks of the valley border or through the red lands. These flood
plains vary in width and in the character of the material underlying
them. In general they are continuous with the low plains and form
connecting links, strings, and bands of more fertile and tractable soil,
which extend into the red lands. (See Pl III.)

RIVER LANDS.
PRINCIPLES OF RIVER DEPOSITION.

When the ratio of aater to the amount of sediment furnished to a
river is large, the river handles this sediment in suspension or by
rolling it along the bottom. The river may thus maintain its gradient
or may erode its bed by picking up additional material. If, however,
the amount of sediment is greater, the river may be unable to carry
all of it and may deposit a part. The factors that govern the trans-
portation of sediment are five in number—(1) the slope of the channel,
(2) the discharge, or volume of water, (3) the fineness of the material,
(4) the form of the channel, and (5) the velocity of the water.?

1% McGlashan, H. D., and Henshaw, F. F., Water resources of California, pt. 1, Stream measurements
in Sacramento River basin: U. 8. Geol. Survey Water-Supply Paper 298, p. 23, 1912.

¥ Gilbert, G. K., The transportation of débris by running water: U. S. Geol. Survey Prof. Paper.86, p.
10,1014,
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These factors are interdependent, and a change in any one of them
brings about a change in all the others. When, however, the dis-
charge is constant, or is subject to recurrent oscillations of the same
value, as with a single river between tributaries, then the velocity of
the water is dependent largely upon the slope of the channel and the
character of the material carried. The form of the channel becomes,
then, largely dependent upon the factors of slope and consequent
velocity, as is evident from the characteristics of Sacramento River
at many points along its course. The entrance of a large tributary,
by the addition of water and sediment, affects both discharge and
volume of sediment and may notably change the habit of the river.
The radical change in the Sacramento below the mouth of Feather
River seems to be due to this cause. (See p. 36.)

As the discharge of a river varies from day to day and from season
to season, it is obvious that the other four factors of river transpor-
tation are constantly changing. But as changes in the volume of
water are competent to change the slope of the channel by only a
small amount, and even then only by acting through considerable
time, variations in discharge affect chiefly the character and amount
of the material carried and the form of the channel. The topographic
forms associated with Sacramento River are therefore the result of a
summation of its effective discharges, which at Red Bluff range
from a minimum flow of approximately 3,980 cubic feet per second
to a flood discharge of approximately 254,000 cubic feet per second.
Our knowledge as to the direct results of such discharges is not yet
quantitative in character. It is, however, obvious from a con-
sideration of the great rivers of the world that streams of large
volume, subject to considerable seasonal variation in discharge,
tend, on sufficiently flat grades, to produce topographic forms con-
sisting of channels with natural levees and associated flood basins.

The grade of Sacramento River between Red Bluff and Stony
Creek is about 2.5 feet to the mile.* Feather River between Oroville
and Burts Ferry (near Gridley) has a grade of 4.2 feet to the mile
but a smaller volume of water than the Sacramento. For these
portions of their courses the two rivers develop somewhat similar
topographic forms and have flood plains of a quite ordinary type.

Sacramento River from Stony Creek to Colusa has a grade of 1.3
feet to the mile, whereas Feather River from Burts Ferry to the
mouth of Yuba River has a fall of 1.7 feet to the mile. Through
these stretches the forms developed by the two rivers are fairly
comparable, though the meanders of Feather River are smaller,
probably owing to its smaller volume. Both rivers have natural
levees, but the transition into the adjacent flood basins is rather vague.

2 This and the following figures are taken from tables an pages 15, 42, 43, and 54 of Report of Qemmission
on Rivers and Harbors to the governor of California (C. F. Reed, C. E. Grunsky, J. J. Crawford, comjnis-
sioners), Sacramento, 1890.
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The Sacramento from Colusa to the mouth of Feather River has a -
- grade of 0.34 foot to the mile, Feather River from the mouth of the

Yuba to its junction with Sacramento River has a grade of 1.1 feet

to the mile. In these stretches the resemblance between the two

rivers is not marked. This is partly due to differences in grade, but
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