SHR-217

THE SETTLEMENT GEOGRAPHY
OF THE

SACRAMENTO-SAN JOAQUIN DELTA, CALIFORNIA

S

A DISSERTATION
SUBMITTED TO THE COMMITTEE ON GRADUATE STUDY
OF STANFORD UNIVERSITY
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
DOCTOR OF FHILOSOP{Y
IN
GEOGRAPHY

Ry
—~v

John Thompson

December 1557


nss graphics
Sticky Note
Steamboat Slough travel and Delta reclamation and maps:  see pages 133 to 168-original document page numbers.  Timing of reclaimed islands-map page 219


I certify that I have read this thesis and that in my
opinion it is fully adequate, 1n scope and quality, as
a dissertation for the degree of Doctor of Philosophy.

15 sy

I certify that I have read this thesis and that in my
opinion it ls fully adequate, in scopes and quality, as
& dissertation for the degree of Doctor of Philosophy.

Z 2

’

I certify that I have read this thesis and that in my
opinion 1t is fully adequate, in scope and quality, as

a dissertation for the degree of Doctor of Philosophy.

L g c(/—a;[&:'gw;

Approved for the Tniversity Committee on Graduate Stu:lys

< T~
oo SHooSs———

Dean of the Graduate Division




FREFACE

This study of the Sacramento-San Joaquin Delta is an
attempt to apply geographical principles to the settlement
of a delta area in a highly advanced technological socliety.
This 1s one of the first delta areas of the world to be
developed with medern machinery and reciamation methods
instead of under the primitive m:sthcds which have been
applied to other deltas of the world. Among the delta's
serious physical handicaps to permanent settlemsnt and agri-
cultural productivity wers river and tidal floods, levee and
goil subsidence, salt-water incursion, and wind erosion.
Periodically the attemptec corrective measures in engineer-
ing and legislation have added to the physical problems.

The nafure of the delta as it appears today is the
product of changes wrought by physical and cultural 2gencies
chiefly in the past century. To understand the problems of
settlement of this delta under modern conditions one must
arnalyze the physical setting &3 well as the many humen activ-
ities which have been essential in winning the delta area o>
agricultural production. Reminders of this cultural imprint
are most evident in the levees, the land cover, local relief,
solls, and the outline of islands and channels. The Sacra-

mento-San Joaguin Delta does not fit the usual deltaic
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pattern of such areas in other parts of the world. The Sac--
ramento and San Joaquin rivers enter two of the corners of
the triangle and form many distributaries which are confined
in a single drainage channel to Suisun Bay and subsequently
into San Pablo and San Francisco bays and eventually through
the Golden Gate Channel into the Pacific Ocean.

Although the Sacramento-San Joaquin Delta is unique
among world deltaic regions, there are physical similarities
with the Fens of east coastal England and the reclaimed North
Sea fringes of the West Europsan Plain. The paper 18 offered
as a basis for comparative study of the settlement geography
of other deltas.

The resezrch on the Sacramento-San Joaquin Delta began
in the spring of 1955. Intensive £415id work was performed
during that summer and frequent visits in all seasons con-~
tinued to the present. 1In addition to field cbaservation and
interrogation, research in primary materials was conducted
in the Bancroft Library and General Library of the University
of California, the California State Library at Sacramento,
the College of the Pacific Library., the Stanford University
Library, and the Sacramento, San Franciscc, and Steckton city
libraries. Unpublished material of conaiderable value to
this study was made available also oy such United States
agencies as the Bureau of Reclamation and the Bureau of Land
Management in Sacramento, the District Court in San Fran-
cigco, and the Soil Conservation Service. The Division of

Water Rescurces, the Reclamation Board, the University of

iv



California Agricultural Extension Service, and the University
of Califcrnia Department of Soils and Plant Ndtrition also
permitted access to their flles or libraries. The courtesies
wnich the various.agencies extended to this writer were,
together with advice and 2 "fesling” for the delta, realized
through the aid of a number of individuals among whom Messrs.
John McKeag, W. C. Fleming, John Spurlock, Alan Carlton,

R. S. Baskett, John P. "™darhill, John Guvlden, and Dr. Stan-
ley W. Cosby are recalled as being particularly generous of
time and effort. This writer also wishes to express grati-
tude to Mr. P. Hal Higgins, Mr. J. R. Morrison, Dr. J. N.
Bowman, and Mr. William Q. Wright for their initiative in
bringing information to his attention.

Deep appreciation is due to Professors Joseph E.
Williams, E. Louise Peffer, and Paul F. Griffin for ahaping
the perspective and guiding the exposition of facts and
ideas in this paper. The writer alss wishes to thank the
follcwing studentz who executed most of the cartographic
work: Sabina M. Pyzell, Nancy S. Johnson, Janat M. O'Haray
Nicholas A. Vaksvik, Barbara ®Westinghouse, Wayne R. Irvin,

V. Kay Vinson, and Hugnh N. March. A final acknowledgment ig
due to Miss Liselotte B. Hofmann and Mrs. Jean S. Thompson
for their editorial suggestions and typing.
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INTRODUCTION

The drainage from more than cne-third of California
arises in the basins of the Sacramento and San Joaquin
rivers. The floodplains of these arterial streams merge
about 50 miles northeast of San Francisco, and the rivers
pass through a complex network of interconnecting channels
before discharging into the easternmost cf the cha!n of bays
which breaches the Coast Renges (see Map 1, p. 1). The seg-
ment of the Central Valley where the two rivers merge and
enter Suisun Bay is the Sacramento-San Joaquin Delta (see
Map 2, p. 3). About 56 per cent of its 535,000 acres of
peat and alluvial land 18 at or below sea level; this area
and the higher river overflowed land are preserved from
returning to a delteic swamp by about 1,100 miles cf channel
front levees.,

Maximun dimensions of the Sacramento-San Joaquin
Delta are nearly 24 miles, east to west, and 48 miles, north
to south. Roughly delimiting the regicn are the cities of
Sacramento, Stockton, Tracy, and Antioch; the administrative
subdivisions of the state within which it lies are the coun-
tles of Sacramento, San Joaquin, Contra Costa, Solanc, and

Yolo (see Map 3, p. 5).
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Before the Gold Rush the delta was a tidal swamp fre-
quented by Indlians, a2 few trappers, and an occasional group
of transient Californians or Mexicans. While the gold fever
continued strong & few men settled on the natural levees.
These and later arrivals undertook the first of uncounted
levee-bullding proJjects which ultimately transformed the
deita from an imperfectly drained floodplain to a productive
farming region.

The plexus of delta channels which 1inks the main
rivers of the Central Valley with the bays and the Golden
Gate has performed an important role ia central California
communications. Along the waterways moved shiploads of
Argonauts to and from the mines. Later, when bonanza wheat
growing spread cultivated fields through the Central Valley,
the delta affluents floated scores of steamboats and barges
seavard. For years packets and freight boats sarried thou-
sands of people and large volumes of produce, grain, and
other freight between SAcramento, Stockton, other delta
points, and the San Francisco Bay cities. While bulky
through traffic still moves by barge between bay points,
Sacramento and above, and Stockton, the automobile and good
roads ended the dependence of the delta on water communica-
tions,

With productive soile, a nearly drought-free situation,
waterway or highway access to the ma jor urban communities of
central California, and transcontinental rail links, the

delta has been ideally adaptable for commercial agricultural
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development. Fortunes were made and lost by speculators and
farmers intent upen capitalizing on the increase in land val-
ues and the improved agricultural poctential which reclamation
promised. Commerclal farmirng, the major ecoromic activity
for many years, has been characterized by a constant search
for more remunerative land uses. The products emphasized
change from time to time but an attention to small grains,
high labor requirement row crops, and livestock feeding has

prevaliled for over a century.



PART ONE: PHYSICAL GEOGRAPHY
CHAPTER I
THE DELTA, ITS HYDROGRAPHY AND LAND PORMS

To understand the cultural geography of the Sacra-
mento-San Joaquin Delta, one must understand the physical
geography of the region. The dalta ococupies che central
part of the structurally depresssd Central Valiey, a
physical unit the formation of which has been ascribed to
faulting or geoaynclinel sag, although recent torsion
bealance studios.susgest that the underlying basement com-
Plex represents a westward extension of the tilted Sierra

1

Nevada block.” Core samples from wells drilled to the

east of the delta appear to substantiate the latter theory.

lpruce L. Clark, "Tectoniosz of the Valle Grande of
California,” American Association of Petroleum Geologists,
Bulletin, XIII (March 1929), p. 202; Andrew C. Lawscn, "Ths
STerra Nevada in the Light of Isostasy,” Geological Society
of America, Bulletin, XLVII {Nov. 1935), p. 1693; F. E.
vaugien, "Geophysical Studies in Californis,"” Geologic
Formations and Economic Development of the 0il and &Ea
Fields of callifornia, Caiif. Eep%. of Natural Resources,
Div. of Mines, Bull. No. 118 (Sacramento: 19%3), p. 68;
Jo C. May and R. L. Hewitt, "The Basement Complex in Well
Samples from the Sacramento and San Joaquin Valleys, Cali-
fornia,"” California Journal of Minzs and Ga0logy, XLIV
(Aprid 1688J, p. 130.



Samp.es of Sierra complex rocks have been reached at depths
of 9,400 feet and 6,450 feet, respectively, 7 miles south

and about 9 miles southeast of Sacramento (see Map %, p. 9).
About 19 miles due north of Stockton the basement was found

2 7o the east of Stockton, at 8% and 14

at 5,750 feet depth.
miles, respectively, are well hoies that floored in crystal-
lines at about 8,500 feet and 6,300 feet depth.3

A basement of igneous and metamorphic rocks is man-
tled by Cretaceous and Cenozoic strata which dip from the
east and weat toward a longitudinal axis that lies nearer
the Coast Ranges than the topographic center of the Central
Vhlley.u This sag of the sedimentary rocks is attributed to
the forces which produced the folds and overthrusts of the
Coast Ranges. Perhaps the depression deepens as the delta
area 1s approached; Xivk Bryan observed that the thickness
of the Sacramsnto Valley Tertisyry and later formations
increased from north to aeuth.s

Some agency of depression appears to have operated

in the area of the delta bdbut not to the north or south.

°william B. Clark, "Mines and Mineral Resources of
San Joaquin County, California,’ California Journal of Mines

ané deology, LI (Jan. 1955), p. 28.
3May and Hewitt, loc. cit., p. 155.
h01ar P. Jenkins, "Geomorphic Provinces cf Califor-

nia," Ge ¢ Pormations and Economic Development of the
0il ana Gas elds o a ornia, p. 83.

SOeclo and Ground-Water Rescurces of Sacramento
valley, California, U.S. Dept. of the Interior, Geological

Survey, water-Supply Paper No. 495 (Wesshington: 1923),
pp. T7-78.
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Andrew C. Lawson and F. Leslie Ransome zsscciated the sub-
sidence with the same movement which submerged San Francisco
Bay. Sedimentary loading was considered to be insufficient
to produce the depression although such accumulations may
explain delta subsidence elsewhere.6

Comparatively recent evidence of regional subsidence
1s afforded by an extensive body of peat which thickens
toward the western apex of the delta from the north, east,
and south. The organic materials have a maximum vertical
development of 5C feet or more.7 The surface peat layer,
generally less than three feet thick, was derived from tules

(Scirpus lacustris L.). The underlying column of decomposed

organic matter was produced by reeds (chiefly Phragmites

communis Trin.); it rests upon & massive and somewhat imper-

vious mineral substratum of alluvial znd lacustrine origin.8

6Lawson, "The Geomorphogeny of the Coast of Northern
California,"” University of California, Dept. of Geology, Bul-
letin, I (Nov. 1894), pp. 265-66; Ransome, "The Greast valley
of California,"” ibid., I (April 1896), p. yig,

7Report of Sacramento-San Joaquin Water Supervisor for
the Period 1924-1028, Calif. Dept. of Fublic Works, Div. of
water Resources, Bull. No. 23 (Sacramento: 1930), p. 361
(hereinafter cited as DWR Bull. No. 23); Geology and Water
Resources of the Mokelumne Area, California, by H. T.
Stearns, T. W. Robinson, and G. H. Taylor, U.S. Dept. of the
Interior, Geological Survey, Water-Supply Paper No. 616
(washington: 1930), p. 32.

88011 Survey of the Sacramento-San Joaguin Delta Area,
California, by Stanley w. Cosby, U.S. Dept. of Lgriculture
Thereinafter cited as USDA), Bur. of Plant Industry, and
University of California Agricultural Experiment Station,
Serles 1935, No. 21 (Washington: 1%41), pp. 17, 18.
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A prolonged general subsidence is suggestea for the
area because the plants could not have grown except in rela-
tively shallow water.9 A. P. Dachnowski-Stokes dates the
beginning of plant accumulation at the close of e glacial
period.1O Perhaps a postglacial general rise in sea level
fostered the accumulation of the hydrophytic remains. Mod-
erate depression of a block lying to the southeast of the
Scarp-edged Montezuma Hills also could have been involved in
aeveloping the peat column. Several cases of vertical dis-
placement of strata have been revealed in core samples from
gas fields 1a the Rio Vista to Walnut Grove vicinity.ll No
Single explanation for the regional subsidence has galnea
general acceptance with scientists, but there 1s\a develop-

ing record of measured data, primarily from well cores,

which may eventually resolve the problem.

9Ibic., p. 17. Viewed in another light, the verti-
cal dimension of the organic remains developed while
canopies of living hydrophytes extended themselves across
water from the margins of natural levees or other land.
Dead plant matter and silt gradually thickened to the point
of resting upon the mineral substratum. This explanation
for peat accumulation suggests itself from cases in which
dammed sloughs were blanketed by plant growth to the cepth
of 15 feet 1in 35 years. Letter of William &. Wright, Los
Gatos, Californiz, n.d. /1950/, pp. 7-3 (in Wright's files).

10peat Land 1a the Pacific Coast States in Relation
to Land ana Water Resources, USDA, Bur. of Cnemistry ana
Solls, Misc. Pub. No. 243 (Washington: 1936), p. 19.

LIp, W. Carlson, "Mines and Mineral Resources of
Sacramento County, Czlifornie," California Jour.:zl of Mines
aac Geology, LI (Jan. 1955), pp. 149-50,




The Delta Characteristics

The Sacramento-San Joaquin ﬁelta has the subaerial
features generally assoclated with deltas developed by low-
gradient rivers upon'entering tidal water. Distributary
channels, natural levees, and island or mainland tracts of
tidal marshland are present. There is, however, little
suggestion of the presence of top-set, fore-set, and bottom-
set beds which are frequently associated with deltaic depos-
its. It is an unusually large volume of indigenous organic
fi1l, peat, that occuples the core area of the delta.
Alluvium rich in organic matter merges with the peat toward
delta and channel marzgins. The peat rests upon a zone of
soft muck which overlies the continuous hardpan bed of light
gray mineral sediment that dips toward the valley outlet.
The hardpan slopes from depths of 14 to 20 feet along the
eastern edge of the peat areas to 40 and 60 feet below the
surface near the river cutfall.l2

A deltold outline is posseséed by the Sacramento-Szn
Joaquin Delta, but the orientation of this land form differs
from the common conception of an estuarine delta. Estua-
rine deltas, like true, arcuate, and digitate forms, are land
features which broaden seaward. This compound deltza dimin-

ishes in breadth seaward. TIts trunk stream distributaries

l‘Cosby, op. cit., p. 43; Marsden Manson and C. E.
Grunsky, "Report” of Consulting Engineers," Report of the
Commissioner of Public Works to the Governor oOFf California
(Sacramento: 1895), p. 26.
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merge rather than diverge as the outlet between the Mount
Diablo Range and the Montezuma Hills is reached.

In the undisturbed state of a century ago about
three-fifths of the delta was awash with an ordinary tide.
Spring tides could submerge all of the backswamp. River
floods were capable of overflowing the entire delta, par-
ticularly when crests, high tides, and westerly winds cre-
ated a congestion above the outlet into Suisun Bay.

Local relief was slight. Typical asymmetrical natural
levees, narrow meandering ridges of alluvium that splayed
into backswamps from distributaries, and occasional hummocks
of sand were the features which rose above the general plane
of the sea level swamp. The elevation of the alluvial
ridges lncreased headward, but the aeolian hummocks were
best developed about 10 miles east of Antioch. For the
moFt part, the various features were less than 10 feet high.

The relief has been increased markedly by a century
of reclamation and agricultural activity. The natural levee-
rimmed tidal swamps have had a saucer-1like profile intensi-
fled by oxidation and deflation of the drained peat. This
local subsidence of peat has resulted in island surfaces
shrinking from sea level elevations to minus 5, 10, or 15
feet. On reclaimed tracts which have poorly defined natu-
ral levees the transition to depressed floors from i1sland
margins is abrupt (see Map 5, p. 14); artificial levees form
the saucer rim. As the natural levees become better defined

a more shelving slope separates the artificial rim from the
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island Iinterior. This backslope is not the simple deposi-
tional feature that a cursory view might indicate. In the
first place, organic matter 1is proportionately greater in
volume toward the interior of a tract; hence the oxidation
rate and subsiderce have been greater away from the levee
crest. Secondly, the slope has been affected by the accumu-
lation of materials derived from flood-eroded artificial
levees or deposited when floods poured placer mining debris
into the reclaimed tracts.

Artificial levees are the most prominent relief fea-
tures. They top, and in some instances virtually conceal,
the original natural levee or bank. The mass and elevation
of the man-made banks provide a more apparent cultural
imprint upon the terrain than do the culturally induced
oxidation of peat and alteration of natural levee back-
slopes. Without the artificial levees the man-made land-
scape which is the present Sacramento-San Joaquin Delta

could not exist (see Plate I, p. 16).
Delimiting the Delta

There is ample discussion of the physical character-
istics of deltas in contemporary and recent texts in geology
and physical geography, but the literature barely touches
upon the problem of defining headward or landward limits of

the deltas.13 A convenient and arbitrary designation of the

13The following texts were consulted: Ralph S. Tarr,
Elementary Physical Geography (New York: The Macmillan Co.,
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former point is the fork made by the uppermost distribu-
tary.lu The edge of the pre-reclamation backswamps approxi-
mates the landward limit of the Sacramento-San Joaquln
Delta.

By projecting the pre-reclamation mean tidal basin,
which coincides with most of the organic soil area, a pedo-
logical definition of the delta is made.15 The area so
conceived does not fit the residents' opinions of what con-
stitutes the delta. Nor does it include all of the land
which lies downstream of the first Sacramento and San Joaquin
distributaries.l6 This larger area 1s closer to the concept
of the delta as it has been expressed by state, federal, and

private engineers familiar with the area.

1896); Israel C. Russell, Rivers of North America (New York:
G. P. Putnam's Sons, 1898); Rollin D. Salisbury, Physiography
(24 ed., rev.; New York: Henry Holt and Co., 1209); Philip G.
Worcester, A Textbook of Geomorphology (New York: D. Van
Nostrand Co., Inc., 1939); 0. D. von Engeln, Geomorphology
(New York: The Macmillan Co., 1942); Norman E. A. Hinds,
Geomorphology (New York: Prentice-Hall, Inc., 1943); C. A.
Cotton, Geomorphology (4th ed.; New York: John Wiley and
Sons, Inc., 1945}); L. Don Leet and Sheldon Judson, Physical
Geolozy (New York: Prentice-Hall, Inc., 1954); and william D.
Thornbury, Principles of Gecmorphology (New York: John Wiley
and Sons, Inc., 195K},

Msalisbury, op. cit., p. 200.

15Cosby includes within the delta "all important
areas of the highly organic soils that distinguish this
relatively flat, sea-level district and . . . exclude/s/ as
much as possible the mineral soils that lie on the margins of
the encircling valley plains.” Op. cit., p. 1.

l6Variation and Control of Salinity in Sacramento-San
Joaquin Delta and Upper San Francisco Bay, Calif. Dept. of
Public Works, Div. of Water Resources, Bull. No. 27 (Sacra-
mento: 1932), p. 152 (hereinafter cited as DWR Bull. No. 27).
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Official engineering and reclamation literature on the
lower Sacramento and San Joaquin basins generally shows
agreement as to the terminal apexes of the delta. The Jjunc-
ture of both rivers with Suisun Bay 1s uniformly accepted as
the western tip. The northern extremity is traced to within
10 miles of Sacramento.17 The southern delta extremity is
variously located at points lying within two miles above or
below the multiple bridge crossings of the San Joaquin.18
The northern and southern limits as viewed in the engineer-
ing reports are essentially the same as the physiographic

designation of the first distributary fork.

17George A. Atherton, “Irrigation Developments in the
Sacramentc-San Joaquin Delta,"” in Proceedings of the Sacra-
mento River Problems Conference, Calif. Dept. of Public
Works, Div. of Water Rights, Bull. No. 3 (Sacramento: 1924),
P. 91 (henceforth referred to as DWR Bull. No. 3); Report on
Salt Water Barrier, Calif. Dept. of Public Works, Div. of
Water Resources, Bull. No. 22 (Sacramento: 1929), p. 44
(hereinafter cited as DWR Bull. No. 22); DWR Bull. No. 23,
P. 359; DWR Bull. No. 27, p. 17; "Allocation of Costs;
Problems 8-9," Appendix E in Report of Subcommittee on
Salinity, U.S. Dept. of the Interior, Bur. of Reclamation,
Central Valley Project Studies (Washington: 1547), p. 167.

l8Repor't of the Examining Commission on Rivers and
Harbors to the Governor of Californiz (Sacramento: 1891),
p. 84; DWR Bull. No. 22, loc. cit.; DWR Bull. No. 27, loc.
cit.; George S. Nickerson, "Discussion,"” DWR Bull. No. 3,
P. 96; Partial Report from the Chief of Engineers on Sacra-
mento, San Joaquin, and Kern Rivers, California, Concerning
Navigation, Flood Control, Power Development, and Irriga-
tion, U.S. 71st Cong., 3d Sess., H. Doc. 791 (1931), p. 35;
"Allocation of Costs . . . »" loc. cit.; Marsden Manson,
"The Swamp and Marsh Lands of California," Technical Society
of the Pacific Coast, Transactions, V (Dec. 1888), p. 97;
George A. Atherton, 'Reclamation and Development in the
Sacramento-San Joaquin Delta,” Agricultural Engineering,
XII (April 1931), p. 129. -
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There 1is reasonable agreement among the engineers in
precisely designating landward limits of the delta. A pri-
vate consulting engineer included peat and higher sedimentary
lands, in approximately equal proportions, none of which
would have been as mﬁch as 10 feet above mean sea level (see
Map 6, p. 20).19 The State Surveyor General, writing in
1869, observed that the extreme floog height in the delta
then reached 10 feet above low tide.29 The Governor's Exam-
ining Commission on Rivers and Harbors accepted the 10-foot
contour above low tide as the edze of the delta.21 This
slightly exceeds the Bureau of Reclamation's designation of
the delta to "include all islands and adJoining lands lying
below the five foot contour” and certain lands above the

contour.22

191p14.

20"Report" of Sherman Day, in Tide Land Reclamation
Company, Fresh Water Tide Lands of California (San Francisco:
M. D. Carr and Co., 1869), p. 15,

21Report of the Examining Commission . . . , p. 8.

22The complete statement makes a number of qualifica-
tions based on cultural activities rather than on physical
criterlia. The Bureau, to facilitate investigations of water
use in the lower Sacramento and San Joaquin valleys, regards
the delta as including "all islands and adjoining lands
lying below the five foot contour . . . and additional lands
above this elevation limited to: areas that have been irri-
gated from the delta channels, areas included within desiz-
nated places of use described in applications, permits, or
licenses issued by the State for appropriation of water from
delta channels, and Sseparate landholdings either contiguous
to the five foot contour or located above that elevation and
abutting a delta channel (portions of these holdings, in
some 1lnstances, were excluded by consideration of swamp and
overflowed land survey boundaries).” John L. McKeag, 'Delta
Report,” prepared for the U.S. Dept. c¢f the Interior, Bur. of
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These views are essentially in agreement as to the
superficial extent of the delta. The maze of distributary
charnels and leveed islands of near sea-level elevation are
clearly understood to be deltaic. Mainland swamp and over-
flowed tracts that drain directly into tidal sloughs or
channels likewlse seem to be recognized as deltaic. Topo-
graphic and edaphic simliarities, together with land use
patterns, strengthen the concept of the delta as being dis-

tinct from the adJjoining valley plains.
The Tidal Basin

Approximately 320,000 acres of the delta lay within
the estimated mean pre-reclamation tidal basin. More than
half of this swamp was inundated at high tide.23 Another
205,000 acres of the delta were subject to river flooding
primarily; although extreme tides may have backed over some

of the area.24

Reclamation, Project Development Division (7 folios; Sacra-
mento: 1954), not paginated (typewritten and handwritten).

23Tide Land Reclametion Co., loc. cit.; Report of the
Examining Commission . . . s 1loc. cit.; DWR Bull. No. 27,
pp. 153, 160,

21“..’-\‘cr-eage estimate based on map measurements made by
this writer. Maximum recorded flood stages have been about
A.H feet above mean sea level at Collinsville, the mid-delta
Junction of the San Joaquin and 0ld River distributary, and
Stockton. The flood-plane elevation at Walnut Grove 1s 16.5
feet; at the southern apex of the delta it is 23.2 feet.
Report to the Water Project Authority of the State of Cali-
fornia on Feasibility of Construction by the State of Bar-
riers in the San Francisco Bay System, Calif. Dept. of Public
Works, Div. of Water Resources ’Sacramento: 1955), p. u46.




Swampland reclamation has reduced the mean tidal
basin to about 39,000 acres.°? The contraction from 320,000
acres modified the tidal prism. The modification has not
been steady. Levee breaks have returned large acreages to
the tidal basin, some of them permanently. The enlargement
of existing channels or the excavation of new ones has ailded

tidal diffusion.<?

On the other hand, alluviation in the
channels between the 1860's and 1900's resulted in an appre-
clable reduction of the tidal basin's water-holding capacity.
The loss of floodplain and tidal basin water storage area
through reclamation accelerated runoff delivery to the bay

and facilitated the penetration of saline water into the

delta channels,
Salinity in the Delta

Although the delta waters are tidal, they are not
saline except during late summer and fall. The extent to
which this seasonal salinity penetrates depends upon the
volume of flow which the Central Valley rivers discharge
into Suisun Bay.°! The bay, largely fresh in winter and
spring, usually becomes salty by mid-July. By September 1
the salt water reaches its maximum penetration of the

delta.d8

25DWR Bull. No. 27, p. 160. 261bid., pp. 3%, 39.

2Tror a comprehensive report on salinity in the delta
see DWR Bull. No. 27.

28, H. Means, '"Water Supply and Salinity irn the Sac-
ramento-San Joaquin Delta,"” DWR Bull. No. 3, p. 106.
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Salinity in delta waters has not impaired reclamation
as it has elsewhere in the San Francisco’Bay ar'ea.:‘.'9 It was
not necessary to flush virgin reclaimed tracts, and there is
no evidence that summer levee breaks resulted in salt-water
damage to the land. Nevertheless, salt water has resulted in
inconveniences for residents of the delta.

The water has been brackish enough on occasion to pre-
vent its use for farm or domestic purposes. Such a situation
was noted in the Antioch vicinity during August 1841, and in
the 1860's and 1870's.3° In the early 1870's Twitchell
Island settlers had to o upstream to the mouth of the Moke-
lumne to collect potable water.31 During several years
between 1920 and 1942 the penetration of salt water became
serious. In such critical years as 1920, 1924, 1926, 1931,
1934, and 1939, 20 per cent to 70 per cent of the channels
contained water with 100 parts or more of chlorine per
100,000 parts of wa’cer.32 The water was considered unfit
for 1rr1gation,33 so late-season waterings had to be cur-

tailed.

2IDWR Bull. No. 27, pp. 60-61.
3%Ibid., pp. 28, 46-47.

3. E. Grunsky, Jr., "Discussion,” DWR Bull. No. 3,
p. 117.

32DWR Bull. No. 27, p. 28; Economic Aspects of a
Salt Water Barrier Below the Confluence of Sacramento and
San Joaquin Rivers, Calif. Dept. of Public Works, Div. of
Water Resources, Bull. No. 28 (Sacramento: 1932), p. 87.

331bid. ‘Water with 100 to 200 parts may be used
with precautions. With over 200 parts it is safe to use



Average annual losses attributed to salt-water inter-
ference with irrigation during the period 1924-42 were 0.82
per cent of the total value of crap production, or a little
over $203,OOO.34 In the extreme years of salinity, 1924
and 1631, losses were estimated at 3.52 per cent and 5.28
per cent, respectively, of crop value. Farmers had to haul
water to various of the central delta islands to meet domes-
tic and livestock requirements.35

Salt-water penetration into the delta was =zided by
other factors beside the seasonal flow pattern of the rivers,
reduction of swamp area, and the deepening and widening of
channels. Diversions of water from Central Valley rivers
increased with the expansion of irrigation agriculture and
the growth of urban requirements. From 1910 to 1929 the area
irrigated from the valley rivers increased at a rate of over
36,000 acres peér year. Gross annual irrigation diversions
increased from less than 3,000,000 acre-feet to over
5,000,000 acre-feet. Return flow of diversions amounted to
an estimated 35 or 40 per cent; but only 75 per cent or less
became available for use downstream during the irrigation

6

season. 3

except occasionally on such resistant crops as pears and
asparagus. Subsequent heavy fresh-water irrigation is
important. Means, loc. cit., p. 107.

34"Huport of Committee on Problem 10" (194k), in
Payments by Beneficiaries; Problems 10 to 13, U.S. Dept. of
the Interior, Bur. of Reclamation, Central Valley Project
Studies (washington: 1947), Table 6, p. 33.

39DWR Bull. No. 22, loc. cit.
3°DWR Bull. No. 27, p. 31.
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Diversions of fresh water for irrigation intensified
in the Central valley during dry yeafs, the years in which
the seasonal river flow was below normal. Between 1917 and
1929 there werc only two years of normal or greater flow.37
In the summer of 1931, when about 70 per cent of the delta
channels contained water with 100 or more parts chlorine per
100,000 parts of water, the minimum river discharge was less
than 500 cubic feet per second.38 It was estimated that at
least another 4,100 cubic feet per second was reguired to
keep the entire delta fresh.39 ’

The inflow of Central Valley drainage to the delta
for the period 1871 to 1956 was an estimated mean of
30,323,000 acre-feet per year. Approximately 74 per cent
of the mean flow came from the Sacramento watershed, 21 per
cent from the San Joaquin system, and 5 per cent from lesser
delta affluents.uo The proportion of summer flow from the
northern basin wes greater. Thus, the fresh water supply

in the delta comes largely from the Sacramento system.nl

371bid., p. 30. 381b1d., p. 31.

39Joseph s. Gorlinski, "Supplement to Comprehensive
Survey Report of the District Engineer,” in Sacramento-San
Joaquin Basin Streams, California, U.S. 81st cong., 1st
Sess., H. Doc. 367 (1950), p. 28.

“OReport to the wWater Project Authority . . . ,
P. 22; San Joaquin County Tnvestigation, calif. State Weter
Resources Board, Bull. No. 11 (Sacramento: 1955), Table 9,

P. 34.

y $lpyr Bull. No. 27, Tables 38 and 39, pp. h28-29,
32.



This was reflected in the proportionately greater and more
persistent development of salinity that occurred in the San
Joaquin delta before the start of the Central Valley Proj-

ect's program of controlled river discharge.42

The Sacramento River

The Sacramento River, main affluent of the delta,
drains the more humid northern half of the Central Valley.

Its peak monthly flows occur from January to May, inclu-

con 43
sive. >

Flood stages, generally the product of winter rains,
usually happen between mid-November and mid—Apr'il.44 These
rloods become especially critical when the watershed is
visited by intense winter rains while yet in a saturated

state from earlier storms.45 The rain-produced floods have

P
relatively high peaks, but they are of short duration.40

Snow-melt floods rarely are damaging in the valley, but
snow-melt runofi may augment the runoff from the short and
intense rainfall periods that occur intermittently over the

3- to 10-day reinstorm periods.47

no

%21pi¢., p. 37. 431bid., Table 33, pp. 423-29.

44Between 1910 and 1950 there were 42 winter rain
floods recorded in the Sucramento basin, anc no damaging
snow-melt floous. H. M. Rich, "Comprehensive Survey Report
of the District Engineer,” Sacramento-San Joaquin Basin
Streams, Czglifcernia, U.S. 31st Cong., 1st Sess., H. Doc. 367
(1950), p. 106.

45k, ¢. Hunter, "Interim Survey of Sacramento River
from Collinsville to Shasta Dam, California," Sacramento
River and Tributaries, California, from Collinsville to
Shasta Dam, U.S. 78th Cong., 2d Sess., H. Doc. 049 (19%4),
p. 25. g

%SRich, loc. cit. YTHunter, loc. cit.
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Storms may distribute precipitation generally over the
Sacramento watershed, or the full impact may be restricted to
one or two tributary bazins. The disturbances often result
in synchronized runoff peaks for the tributaries in the
northern part of the Sacramento watershed. The crests of the
more southerly Feather and American rivers normally reach the
Sacramento before the upper valley flood peaks pass their

mouths.48

Nevertheless, the Sacramento channel is notori-
ously underequipped to handle the flows discharged into it.

Frequently the winter flow of the Sacramento system
exceeds the capacity of the main channel. The river's con-
strictions which affected the development of the delta were
continuous from above the Feather River mouth to Sherman
Island. A 3l4-mile sezment above the Feather River mouth
possessed a capacity of only about 53 per cent of the cross
section of the next segment headward.49 Below the Feather
River mouth the Sacramento channel capacity was one-seventh
of the estimated flow which floods could bring to it°50

Downstream from Sacramento the river had a 110,000 second-

feet capacity; the tributary American River alone was

481114,

49Committee on Flood Control, "Supplemental Report,"

control of Floods on the Mississiggi and Sacramento Rivers,
U.S. Congo, S SeSSo, H. Rep . s Po 33'

50¢c. E. Grunsky, "The Relief Outlets and By-Passes
of the Sacramento Valley Flood-Control Project," American
Sociegy of Civil Engineers, Transactions, XCIII (Jan. 1929),
P. 798,




capable of discharging more than that.Sl During floods of
exceptional magnitude much more than half of the Sacramento's

e In effect, natural levees

water spilled into backswamps.5
formed great spillways. The section of these spillways
waich most conditioned the development of the delta lay along
the right bank of the river from Just west of the Feather
River mouth to the outlet of Cache Slough. Over this strip
of levee, water flowed into the Yolo Basin. A number of
intermittent creeks from the Coast Range also emptied into
the depression. Water delivered in this manner usually
entered the basin when it already contained backwater to the
plane of the Sacramento at the mouth of Cache Slough.53

The overflow into the pre-reclamation Yolo Basin was
capable of developing an inland sea of 50,000,0GC,000 cubic
reet.su When filled the basin had a four- to six-inch slope
toward the mouth of Cache Slough.55 During the 1862 flood
more than double the volume of the main stream poured through

this ou‘clet.56 The immensity of later flows from Yolo Basin

51Ibid.; Committee on Flood Control, loc. cit.

52szraulic—M1nin5 Deviris Iin the Sierra Nevazda, by
Grove Karl Gilbert, U.S. Dept. of ihie Interisr, Geclogical
Survey, Professional Paper 105 (Washington: 1917), p. 50.

53Report of the Examining Commission . . . , p. 67.

5uGrunsky, "The Relief Outlets . . . ," loc. cit.,
p. 797.

55Report of the Examining Commission « . . , loc.

clt,

—————

56Grunsky, loc. cit,
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can be imagined by comparing the lower Sacramento's 110,000
second-feet channel capacity with an estimated pre-1916 maxi-
mum discharge of 660,000 second-feet.57

Yolo Basin waters surged through Cache Slough and
across the Sacramento. 1In the process a "water dam” was
formed which checked the current of Steamboa* Slough and
the Sacramento 01d River.58 The waters of the latter would
spilll over the levees and join the Yolo Basin discharge in
deluging the central delta's virgin and reclaimed swamp.
The river added fresh alluvium to natural levees and tule
Swamps. Bars formed in the channels.

The build-up of water in the Sacramento above the
Cache Slough outlet was partially relieved by backing up or
overflowing into a backswamp area which lay to the east of

the river. This narrow depression, the Sacramento Basin,

5Tv. s. McClatchy, "Flood Control and Reclamation in
California," paper presented at annual meeting of National
Drainage Congress, in Cairo, Ill., Jan. 20, 1916 (Sacramento:
1916), p. 5.

58115 the Sacramento Valley Inhabitable?" Sacramento
Unlon, Feb. 1862 (n.d.), in Bancroft Scraps, Set W 34, ™Cali-
fornla Floods," Bancroft Library, University of California,
Berkeley, p. 19 (hereinafter cited as BS, Set W 34); 1. N.
Hoag, "Farmers' Gardens," California State Agricultural
Society, Transactions During the Years 1870 and 1871 (sacra-
mento: 1872}, p. 3%6; 1saac W. Smith, "Chief Engineer's
Report," Report of the Board of Commissioners of the Sacra-
mento River Drainage District to the Governor (Sacramento;
1879), p. 20; The Committee of Twenty-Four of the River
Improvement and Drainage Association of California, "Report,"

Report of the Commissioner of Public Works and Engineers to
the Governor of Californiz, 1901-1902 (Sacramento: 1902),
pp. 23, 25.
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also received the discharge of the Mokelumne River. The
overflow trough performed a reservoir function. Like its
counterpart Yolo Basin, it helped ':cep the delita channels

fresh through the dry season.
The San Joaquin River

Arterial drailnage of the subhunid southern half of
the Central valley is carried by the San Joaquin River.

This system is fed primarily by winter rains and snow-melt
from the Sierra Nevada. Unlike the Sacramento, which car-
ries peak monthly flows during the period January to May,
the San Joaquin River monthly peak flows usually occur dur-
ing the period March to June, 1nélusive.59 The ma jor flow
periods arise from winter rain runoff and, later in the
Season, snow-melt. Rain-produced crests are high and quick
to pass; the snow-melt floods have lower crests of prolonged
duration.®?

Flood flows reach the delta along a front restricted
to the center of the valley by aggrading piedmont plains.
There are no broad floodways to the delta in the sense of
the Yolo Basin. As a rule, the rain runoff results in the

shallow coverinz of these bottomlands. The inundation may

be lengthy, but velocities are low. Snow-melt runoff

9DWR Bull. No. 27, Table 38, loc. cit.

6010 the period 1910 to 1950 there were 15 damaging
winter rain floods and 6 damaging snow-melt runoff seasons
in the San Joaquin system. Rich, loc. cit., pp. 106, 108.
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converges upon the bottomlands and the delta over a 30- to
60~day period in late spring,6l but crests usually are mod-
erate.

Upon reaching the head of the delta, floodwaters may
spread across distributary interfluves as well as follow
the channels. Today artificial levees usually contain the
flow, but extensive areas of alluvial soil in this vicinity
and on Upper Roberts and Union islands are a reminder of
the nature of past overflows. Backswamps paralleling the
mainland levee of both the San Joaquin and 0l1d River dis-
tributaries were minor features compared to the Yolo and

Sacramento basins.
Lesser Delta Affluents

A number of creeks and rivers carry runoff to the
delta from the east and west. Most of the creeks are sea-
sonal. The Mokelumne and Calaveras are perennlal rivers
which usually are treated as east~bank tributaries to the
San Joaquin.

Like other right-bank tributaries of the San Joaquin,
the Mokelumne has peak months of flow in the spring and

early summer.62 It follows a slightly incised channel cut

611bi4., p. 108.

62The estimated mean monthly distribution of natural
flow of the Mokelumne River, at a point 11 miles east of
Lodi (Clements), between 1894-95 and 1951-52 was: October,
0.7 per cent; November, 2.0 per cent; December, 3.6 per
cent; January, 5.9 per cent; February, 8.3 per cent; March,
12.1 per cent; April, 17.8 per cent; May, 26.1 per cent;



into a floodplain which, for the most part, is below the
level of the valley plain. The floodplain emerges in the
Woodbridge vicinity as a fan over which water has spread
toward the delta periodically. Several sloughs that enter
the Mokelumne South Fork from the east are the lower ends
of former flood channels.63 These sloughs also drained off
the accumulations of water which the flows of converging
Mokelumne and Cosumnes systems buillt up.

Besides overflowing or backing into the pre-reclama-
tion swamp to the south, the Mokelumne system flowed into
the Sacramento Basin aldng the line of Snodgrass Slough.
Tyler Slough, prior to its closure, and the two forks of
the Mokelumne also distributed peak flows. The extent of
mineral solls and of natural levee developments 1n this
vicinity is exceeded only along the Sacramento and San
Joaquln rivers.,

The Calaveras watershed drains into the delta via
the Calaveras River and Mormon Slough, respectively north
and south of Stockton. Between these two stream courses a
number of lesser drainage lines "finger" out as swales to
the east of Stockton.64 The channels are capable of pro-

ducing widespread flooding.

June, 18.5 per cent; July, 4.2 per cent; August, 0.5 per
cent; September, 0.3 per cent. The mean seasonal runoff
for the 53-year period was 780,000 acre-feet. San Joaquin
County Ianstigation, p. 31.

638€§arns, Robinson, and Taylor, op. cit., p. 23.

64e, E. Grunsky, “Some Factors Affecting the Problem
of Flood Contyol," American Society of Civil Engineers,
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Other minor watercourses convey seasonal flows to the
delta from the valley plains and flanking uplands like the
Coast Ranges and Montezuma Hills. The creeks' lower reaches

are marked by slight levee development.
Natural Levees

The delta is both the beneficiary and victim of the
behavior pattern of the Sacramento, San Joaquin, and lesser
affluents. The quality of its water, the nature of its
original vegetation and soil, and the character of pre-
reclamation land forms are closely related to stream behav-
ior.

Among the contributions of the rivers to the delta
are the natural levees. These depositional land forms are
composed of the fine to sandy sediments carried by streams
with slight gradient.65 Tidal scour as well as river deposi-
tion shaped the incipient banks,®® to which hydrophytic
vegetation ultimately became anchored. Where cover devel-

oped, the velocity of sediment-laden water was checked,

Transactions, XXCV (May 1922), p. 1498; George H. Tinkham,
A History of Stockton (Stockton: W. M. Hinton and Co.,
1830), p. 7. 4

65From the heads of the delta to the outlet the low
water gradient is less than an inch per mile. DWR Bull.
No. 22, pp. £1, 52; Report of the Examining Commission

s« o s 5, P. 84,

66At low-river stages the tide is felt as far as the
Feather River mouth, on the Sacramento, to the southern apex
of the delta, and to above Thornton on the Mokelumne. DWR
Bull. No. 22, p. 52.
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causing nascent natural levees to accumulate greater masses
of sediment, which in turn accelerated plant growth, a2 mutu-
ally fostering cycle. Growth of the natursl ievees was
lateral as well as parallel to waterways.67

Since topographic surveys of the delta were not made
until after reclamation of the swamplands was well under way
there 1s no accurate information about the dimensions and
extent of the natural levees. In view of such 1inadequate
data, the following picture has been reconstructed:

In the central portion of the delta the channel and
slough-outlined swamps had slightly elevated tanks. The
definition of the features became more pronounced south of
the latitude of Stockton, where the San Joaquin River entered
its distributaries. Along the Sacramento from Sherman Island
headward the levees increased in size, A parzllel levee
development occurred on either side of Staten Island, vhich
1s outlined by the forks of the Mokelumne (see Map 7,

p. 35).68

67As a result of more than 100 deep samplings made in
the organic mantle, Cosby states that "there is no evidence
of buried stream channels, only of infrequent thin strata of
mineral material that /have/ been washed in locally on some
former land surface. Tt appears highly probable that all
the major streams and most of the minor ones have occupied
essentially their present positions during the entire period
of organic accumulation. As the minersl base subsided and
the organic deposits accumulated, the streams slmultaneously
buiit up their bordering alluvial ridges.” Cosby, op. cit.,
po 30

68Report of the Examining Commission . . . s Pe 9.
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On western Sherman Island the Sacramento River levees
appear to have been at the level of the Sulsun Bay low-tide
low-water stage. Below Grand Island the natural levees
possessed tree grcwth,69 which suggests that dry land con-
ditions prevailed most 6f the time along the western edge
of Brannan Island. Broader and higher levees appear to
have commenced in the vicinity of Isleton.’Y They would
not have averaged more than 660 feet wide aloné 01d River
nor would they have exceeded 400 feet along Steamboat
Slough.71 The natural levees were about 14 feet above the
low~tide low-water level of Suilsun Bay near the head of
Grand and Sutter islands; they approached an elevation of
24 feet near Sacramento.72

Wwhere the Mokelumne bifurcates near the heads of
Staten and Tyler islands, levees stood about 10 or 11 feet

above the Suisun Bay reference plane, or four feet lower

69Frederick J. Teggart (ed.), "Diary of Nelson
Kingsley, a California Argonaut of 1849,”" Academy of Pacific
Coast History, Publications, III (Dec. 1S14), p. 322;
Theodore T. Johnson, California and Oregon; or Sights in
the Gold Region, and Scenes by the way (Philadelphia:
J. P. Lippincott and Co., 1865), p. 192.

TOBs, set W 3%, loc. cit.

71First Annual Report of Swamp Land Commissioners
December 15, 1861 (Sacramento: 1862), pp. 15, 16; "Field
Notes of the Subdivision Lines and Meanders of Township 5
North, Range 4 East, Mount Diablo Meridian, California," by
William J. Lewis, U.S. Dept. of the Interior, General Land

Office (Sacramento: 1859), p. 25 (handwritten).

7?§§, Set W 34, loz. cit.; Report of the Examining
Commission . . . , loc. cit,; Manson and Grunsky, 1loc.
c¢it. _—
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than the nearby Sacramento levges. The hesight of the Staten
Island natural levees reportedly remained more or less con-
stant in relation to the Sacramento levees. A downstream
decline of one foot per mile is suggested for the Tyler
Island levees,73 and an approach to mean sea level probably
began near the head of Rculdin Island.

The relationship of the levee to tidal water levels
at Bouldin Island prevailed downstream along the San Joaquin;
and headward to about Rough and Ready Island.7u Southiward
along Roberts Island the levees rose to approximately 18
feet above the Suisun Bay reference plane.75 The banks of
the 01ld River distrivutary of the San Joagquin seem to have
been fairly well developed along the present Union and Vie-
toria islands to about the latitude of Rough and Ready
Island.76

As riverside land gzained helght and broadened, the
tide-free bank area increased (see Map 8, p. 38, which shows
a representative case). During extreme river flood stages
the higher levees were likely to become submerged, with

occasional Indian mounds or sznd hummocks remzining as

73§§, Set W 34, loc. cit.; First Annual Report of
Swamp Land Commlissioners, p. 15.

74Report of the Examining Commission . . . » Pp. 91,

92.

75Manson and Grunsky, loc. cit.

76Report of the Examining Commission . . . » P. 112,
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mr The water cover usually lasted for only a few

islands.
days.

Netural levees in the delta had abrupt river races.78
The vegetable matter contained end supported by the mineral
material generally made it non-erosive.79 The levee back-
slopes dipped rapidly inland. On Union Island, for instance,
transition from the levee crown to the general island level
was completed in from 50 to 100 yards, with a vertical range
of from one to seven feet.80

Natural levees separated the main channeis from pre-
reclamation tidal or river overflowed areas. The continuity
of river front levees was broken by lateral sloughs which
drained the backswamp.81 Thesc lesser waterways also had

levees. (The sinuous drainage ditches and fingers of high

land, shown in Map 9, p. 40, indicate some of the pattern of

77‘1‘om Gregory et al., History of Yolo County, Califor-
nia (Los Angeles: Historic Record Co., 1913), p. 67. It is
reported that in January 1875 water rose & to 12 inches above
the natural levees at the head of Roberts Island. At the
head of Burn's Cut-off, lower on the island, banks were
topped by 4 or 5 inches of water. 'General Report of Charles
D. Gibbs, Civil Engineer, on the Examination of Roberts
Island, San Joaquin County, for the Purpose of Reclamation,”
Stockton Weekly Independent, April 17, 1875, p. 7 (further
references to the newspaper will appear: §yl§.

78F1rst Annual Report of Swamp Land Commissioners,
loc. cit.; Report of the Examining Commission . . . , p. 9i.

79Manson and Grunsky, loc. cit.

8oFirst Annual Report of Swamp Land Commissioners,
loc. cit.; Report of the Examining Commission « . . , p. 112.

?l”Field Notes of the Subdivision Lines and Meanders

e ¢+ o 5, D. 27,
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sloughs and levees.) In most of the delta the natural levees
so enclosed a backswamp that islands were suggested. Periph-
erally the strips of levee flanked backswamps that merged

with the adJjacent valley plains.
The Baéins

The shallow backswamp troughs of the Sacramento Valley
are winter and spring floodways. The eastern depression is
the Sacramento Basin and the western the Yolo Basin.

The Sacramento Basin 1s a long and narrow depression
confined between the river levee and the partially dissected
margin of the eastern valley plain. For the most part, the
basin lies to the south of a corridor of high land that.
approaches the river to the north of Freeport; the small
remainder is between Freeport and Sacramento.82

Approximaéely 35 square miles of the Sacramento Basin
i1s less -than 10 feet above the low-water level of Suisun
Bay, and from 10 to 15 feet below the level of extreme high
water in the river.83 Occupying the lowest parts of the
flat depression, and about one-half to one mile east of the
river, are Beach and Stone lakes. They drain to the south,
through tidal Snodgrass Slough, into the Mokelumne River.
Since the construction of substantial levees along the

Sacramento and Snodgrass Slough the shallow depression has

82Bryan, op. cit., p. 43.
83Manson and Grunsky, loc. cit., p. 43.
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functioned as a flood basin only in the exceptional years
when the artificial levees were breached.

Yolo Basin 1s about 40 miles long by 7 miles wide.
The pre-reclamation slough-fretted tule swamp adJjolned a
piedmont plain crossed by numerous double-crested alluvial
ridges.SM This flanking channel ridge plain terminates on
the south in the larger swells that rise into the Montezuma
Hills,

Perhaps 90 square miles of the Yolo Basin is less than
10 feet higher than the low-water level of Suisun Bay.85
The rough is lowest along a2 belt that is about two to five
miles west of the river. Prior to reclamation there was a
tidal lagoon, Big Lake, at the southern end of the basin.
The lake's existence 1s recalled on those occasions when a

flood flow in the Sacramento requires the diversion of water

through weirs into the Yolo Basin.

The Islandsg6

In addition to the skirting natural levees, the
islands of the pre-reclamation delta displayed relief in

low alluvial ridges, sandy mounds, and in the banks of

84Bryan, op. cit., p. 29.
83Manson and Grunsky, loc. cit,

86The island section is based on: Tide Land Reclama-~
tion Co., loc. cit.; "General Report of Charles D. Gibbs,
- » « , ' SWI, April 17, 1875, p. 7; "A Tule Farm," ibid.,
May 5, 1877, p. 7; "Tule Parming," ibid., March 3, 1877,
P. 7: and soll map and topozraphic guadrangle study.
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dendritic tidal sloughs. Low water increased the relief
somewhat. At such times the banks and flat floors of tidal
lazoons weye revealed,

The highest features in the landscape were single
and clustered sandy mounds which were most numerous ir the
west-central part of the delta, near 0ld River and Knightsen-
Oakley. These areally small features rose up tc 17 feet
above the average level of the swamp (see Map 5, p. 14).
They were less general in distribution than alluvial ridges
such as those that outlined "The Pocket" on Roberts Island,
which were two or three feet in height and 100 to 300 feet

in breadth.
Hydrosgraphy and Cultural Modifications of the Delta

The hydrographic situation which produced the primeval
delta landscape has been an important conditioner of the
cultural landscape. Water excesses, always dangerous, usu-
ally are damaging. When the river crests are abetted by
high tide and westerly winds, flooding of some tract is prob-
able.

A number of major flood disasters have struck the
delta over the past century. All or large segments of the
total improved land were overwhelmed by Sacramento and San
Joaquin flows in the spring of 1852, in mid-winter of
1861/62, and during the spring of 1878, 1881, 1904, and
1907. (See Appéndix A, "Floods in the Delta,” for a more

detailed discussion.)
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Damaging, although less widespread, floods have
occurred so often that it seems reasonable to estimate that
no three-year period passed between 1852 and 1911 during
which some improved land was not inundated. Between 1911
and 1525 the delta was free of floods, but the prevailing
condition of low river discharge accelerated salt-water
penetration of normally fresh channels.

While years of low water were factors in levee
safety, it also was the case that from 1908 until the
1920's the reclamation districts maintained their levees
with a four-foot freeboard above the high-water mark of
the 1907 flood. 1In the latter 1020's some districts per-
mitted their levees to deteriorate.87

Since 1925 damaging river floods occurred in 1928,
1936, 1940, 1950, and 1955; and, if levee breaks regardless
of cause were added to the 1list of river floods, disaster
visited some part of the delta on an average of once every
three and a half to four years during the last third of a
century.

The lesser floods may be the product of high river
flow, high tide, or human error. In the case of river floods
the damaged area usually 1s restricted to a tract or two
near the delta affluent's chsnnel. The incidence of levee
breaks caused by high tide is greatest 1n the central

delta, where peat levees rest on peat foundations. These

87puR Bull. Wo. zz, p. 45,
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defenses rupture when exposed to prolonged high water levels,
unless construction and maintenance are carefully attended
to. The infrequent floodings of particular tracts owing to
human error may be attributed to mismanagement in bringing
irrigation water onto the land.

The persistent threat of floods has caused delta
residents to seek the protection of massive levees and
straightened and enlarged channels; traditionally they have
placed their towns, homes, and barns on the levees or on
natural and artificial prominences (see Plate II, p. 46).
Houses, barns, and pumps also may be perched on piling (see
Plate III, p. 48).

Large artificial levees, some of them 200 feet broad
at the base and 3C feet high, dominate the landscape. Some-
times they conceal most of the natural rim which alluviation
produced on delta islands. The natural levees are partially
gone 1in other places because channel improvement or leveeing
required their removal by dredge. The dredging operations
have added massive spoil banks to Decker, Brannan, and Grand
islands, and they have built up elevations on Roberts and
Sherman islands and in the swamps which once skirted the
southeastern margin of the Montezuma Hills.

Levees, spoil banks, and altered channels are not
the only cultural modifications to the physical geography
¢f the delta. The soil and a number of water- and wind-
deposited land forms have been altered. Some land-form

and soil alterations have resulted from post-reclamation



PLATE II

Cultural adaptations to the delta terrain I

Natural or artificial platforms are
used as building sites for flood insurance.
Upper view shows barn and house resting on
a sandy mound (Upper Roberts Island).

Lower view shows house, shed, transformers,
and pump house resting on the levee and/or
piling. Land beyond has an elevation of
less than minus five feet {McDonald Island).
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oxidatlion of peats. Soil development and land sutsidence are
part of the same process. Land forms and soils have been
changed by flood conditions which could not have occurred
without the aid of some major equilibrium-disturbing agency
such as man. Debris from hydraulic &0ld-mining areas shoaled
channels and fanned through crevasses to mantle a number of
reclaimed and unreclaimed backswamps.88 Soils and relief
were changed thereby. Flood and tide water scoured depres-
sions of 20 to 40 feet depth across the line of artificial
and natural ievees. The levees are rebuilt, but it is
Impracticable to drain the scoured depressions (see Plate 1v,
P. 49); they and the incipient crevasses would not develop
without the gradient created by artificial levees and sub-
sidence and without the concentrated flow of water which
occurs only when an artificial levee 1s breached. Unre-
claimed natural levees and tidal swamps change imperceptibly
as high water spreads across them.

The plow and other mechanical means of moving the
soll have altered the contours of many depositional fea-

tures.89 The process continues today, but the location of

88Sacramento River districts in particular have been
affected. For instance, the flood of 1878 resulted in a
three-inch accumulation of debris over the lower end of
Grand Island. "The Flooded Regions," San Francisco Alta,
Feb. 24, 1878, in BS, Set W 34, p. 123.

89In his field notes, Cosby recorded that on the Mid-
dle Division of Roberts Island surface soils were transported
and modified to a very great degree as a result of leveling
for alfalfa and other crops. The natural levees of small
sloughs within the district were "largely lost." Cosby,

Delta Field Notes" (193%), p. 38; entry of Aug. 20, 1934,



PLATE III

Cultural adaptations to the delta terrain II

Upper view shows piling-supported bunk-
houses (Liberty Island). Crop is sugar
beets. Lower view is of a piling-supported
barn of the type built two or three decades
ago when this land was producing asparagus
(Brannan Island). Crop is field corn.
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the earlier land forms is permanently recorded in the soil
texture. Differences in the color and vigor of growing
crops also identify the outline of buried sloughs or planed
natural levees. Replacing many of the natural drainage

channels are trellised networks of drainage ditches.



CHAPTER II
DELTA VEGETATION, CLIMATE, SOILS, AND FAUNA

In the Sacramento-San Joaquin Delta slight relief and
a perennially high water table resulted in the development of
hydrophytic and water-tolerant vegetation. The water pre-
served a great mass of vegetal remains from oxidation. The
resulting peat and mineral-organic material formed the raw
base from which delta soils have weathered since reclamation,

drainage, and cultivation.
Vegetation

The delta's dominant native cover during recorded time

has been the tule (Scirpus lacustris). It is a fresh-water

marsh plant that develops dense stands of erect, unjointed
stalks which may average six to eight feet in height. The
annual growth of green stalks rises from perennial roots.
Usually the lower plant is partially submerged, but it may
grow on sunny levee surfaces. On such higher land the
slightly drier edaphic conditions favor the growth of reeds,
herbaceous annuals, and perennial shrubs and trees. & natu-

. 1l
ral levee's vegetation is distinct from the backswamp cover,

lcosby, soil Survey of the Sacramento-San Jsaquin
Delta, . . . , p. 3 (hereinafter cited as Soll Survey . . o)
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Areal distribution of the virgin tule coincided with
the extent of pre-reclamation tidal or river backswamps. The
tule cover was somewhat taller and more luxuriant in the
Sacramento part of the delta than to the south.2 The monot-
ony of the green or brown canebrake-like vegetation was
broken by channel and pond surfaces and by strips of alluvial
land where woody shrubs and trees and herbaceous annuals
grew.3 This natural levee cover consisted of coarse bunch
grasses, willows, blackberry and wild rose thickets, and
galleries of oak, sycamore, alder, walnut, and cottonwood.u
The shrubs appeared among the tules of Sherman, Lower
Roberts, and other centrally located islands; but a con-
tinulty of woody growth probably did not develop until the
latitude of Brannan Island and Stockton. This ccver became
a belt of heavy oak timber on the upper four miles of Union

Island, and probably on Roberts Island. Fine groves occupied

- —— — ————

2"Reclamation of Swamp and Overflowed Lands in
California,"” Report of the Commissioner of Agriculture
for the Year 1872, USDA (wasrhington: 1874), p. 18%,

3Cosby, loc. cit.

4Teggart, loc. cit., p. 327; A Returned Cslifornian,
/J. M. Letts/, California Illustrated . « o {New York: wm.
Holdredge, Pub., 1852), p. 58; Johnson, 1ocC. cit., p. 120;
"Field Notes of the Subdivision Lines and Meanders . . . ,
P. 22; Titus Fey Cronise, The Natural Wealth of California
(san Francisco: H. H. Bancroft and Co., 1868), p. 309; The
Western Shore Gazetteer and Commercial Directory for the
State of California, Yoilo County, comp. by C. P. Sprague and
H. W. Atwell (Woodland, Calif.: Sprague and Atwell, 1870),
pp. 49, 55; Report of the Commissioner of Agriculture for the
Year 1872, loc. cit.; Report of the Examining Commission

AL D. 92; DWR Bullo No. 2’7, Po 170
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the more southerly San Joaguin River distributary'banks.5
Similar stands of woods occupied the Sacramento River levees
upstream from about the lower end of Grand Island. In places
this timber belt so overhung the river that it inte - ferad

6 (Sketches of the vegeta-

with the rigging of passing ships.
tion at the lower end of Grand Island and in Steamboat Slough
/Middle Fork/ appear on Plate V, p. 54.)

Vegetation in the bottomland of the varicus streams
that entered the delta was similar to that of the higher
delta levees. Plains interfluves were occuplied by grass-
carpeted open woods of evergreen and deciduous oaks to the
north of the Calaveras and from somewhat north of the present

Byron to beyond the western apex of the delta. Southeast of

the Calaveras a prairie extended to the Stanislaus.! Nearly

SCharles Edward Chapman (ed.), "Expedition of the
Sacramento and San Joaquin Rivers in 1817; Diary of Fray
Narciso Duran,” kcademy of Pacific Coast History, Publica-
tions, II (Dec. 1911), p. 335; Cadwalader Ringgold, A Series
of Charts, with Sailing Directions . . . (3¢ ed.; Washing-
ton: J. T. Towers, 1852), Chart of the Sacramento River;

L. M. Schaeffer, Sketches of Travels in South America, Mex-
ico and California (New York: James Egbert, Frinter, 1860),

Pp. 31-32; Report of the Commissioner of Agriculture for the
Year 1872, Toc. cit.; "Greac Anteiope Hunt on the San
Joaquin, " San Francisco Alta, Sept. 8, 1864 (henceforth
cited as 4Ita], In Bancroft Scraps, Set W 73, "California
Hunting and Fishing,” p. 2; "Union Island Reclamation,” SWI,
March 24, 1877, p. 7; "Among the Tules," California Illus-
trated, Dec. 25, 1877, in Bancroft Scraps, Set W 3, "Placer
to San Diego," p. 1069 (hereinafter cited as BS, Set W 3);
Report of the Examining Commission . . . » doc. cit.,

6Statement based on same sources appearing in foot-
note No. L.

7John Charles Fremont, QOregon and California (Buffalo:
Geo. H. Derby and Co., 1851), p. 354; idem., Geographlcal
Memoir upon Upper California (Washington: Wendell and van
Benthuysen, 1 » P. 16; Tinkham, loc. cit.




54

Anﬁowwcﬁmv *8,098T L1aes 933 Ut aaaty Ojuswexoes ayg Jo SMATA

M ey

*yanos ayg woaJ s

ysnotrs geoquesl§ puw 1933N5 SMOYS M3TA JIsMOT °yjnos ayjy -
WOJIJ OjuaweIoeS oyq

bue sySnors jeoqueslS pue 3UoB) sMoys mata Jaddp

. LR & T - " Sy L

P



55

treeless prairies also occupied the land which sloped toward
the delta from the southwest, from the Montezuma Hills, and
from the westerly channel ridge plain. {Views of the terrain
adjacent to the western apex of the delta are shown in

Plate VI, p. 56.)

The tule turned brown during the aufumn and winter
low-water season.8 Indians set it on fire as an adjunct to
hunting,9 and the Argonauts burned it as a form of amusement
on the tedious journey to Sacramento and Stockton.lo Set-
tlers continued the practice to facilitate clearing the land.
Campers' fires and the sparks from steamers also touched off
the conflagrations which came to be nearly annual occur-
rences.ll Sometimes the smoke so reduced visibility that
navigation was hampered.12 The columns of smoke and ash

darkened the valley atmosphere by day, while at night the
whole sky would seem to be 1llum1nated.13

8Cronise, op. cit., p. 31%.

9"Barly Times," SWI, Sept. 1%, 1872, p. 5.
Orheodore H. Hittell, History of California (San

Francisco: Pacific Press Pub. House and Occldental Pub. CGey
1885), 1V, 865.

Myilliam Ingrahem Kip, The Early Days of My Episco-
pate (New York: Thomas Whittaker, 1892), p. 119.

1250hn Leale, Recollections of a Tule sailor (san
Francisco: George Fields, 1939), v. 65.

l3Bayard Taylor, El1 Dorado . . . (London: Richard
Bentley, 1850), I, 73; J. M. Hutchings, Scenes of Wonder and
Curlosity in California (San Francisco: Hutchings and Rosen-
field, Pub., 1860), p. 31; Johnson, op. cit., p. 111; Mary
Cone, Two Yeers in California (Chicago: S. C. Griggs and Co.,
1876), p. 112,
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Since reclamation began in the delta, the areal
extent of all types of natural vegetation has been steadily
reduced. Such tule as remains is restricted to waterway
margins, cverflowed tracts, unreclaimed islets, and sloughs
and dralnage ditches within leveed districts. Wiliows,
oaks, cottonwoods, masses of blackberry bushes, and various
weed annuals are found along the outer edge of many of the
artificial levees in the San Joaquin part of the delta.
Undeveloped land outside of the levees often bears a dense
growth of brush and small trees above the fringe of tules.
Along the outer face of Sacramento River levees, and on the
berms, there are formed willow thickets and narrow groves
of deciduous trees and bushes. Occasional clusters of tree
and shrubby vegetation also appear along sealed-off sloughs
within reclaimed districts. In most parts of the delta the
inner levee slopes are covered with weeds and grass (see
Plate VII, p. 58). The browsing of sheep is permitted on
some levees but not where the structures adJjJoin government-
maintained waterways. Denuded levees fronting upon these
ma jor navigable channels are cleared and faced with riprap.
The rock svi-face affords protection from wave erosion.
Plants are uprooted to allay any pcssibility of seepage
entering and weakening the levee along the line of root

cavities (see Plate VIII, p. 59).
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PLATE VII

View toward the northeast, across South
Fork of the Mokelumne River and the New Hope
District. Staten Island is in the fore-
ground. Along the water, tules and willows
are common; evergreen oaks, grass, and weeds
occupy drier parts of the levee. Fields
contain bariey stubble (light), tomatoes
(dark), alfalfa (gray).
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PLATE VIII

Facing the Sacramento River
levee with riprap

Before facing the area with rock the
levee surface is cleared and grubbed. Clus-
ters of vegetation are preserved where land-
owners object to removal. [uch groves
frequently lie in front of the older homes.
Two-story house appearing in center distance
is on an artificial mound.
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Climate

Climatic conditions under which the delta's vegeta-
tion and soils evoived are, or approach, what R. J. Russell
designates as the cool and dry summer M:Aditerranean (Csb)
of the K8ppen classification.lu This ciimate is cooler than
to the north or south because of the greater exposure to the
marine air which funnels through Carquinez Strait and over
Suisun Bay.

Extremes of temperature are conditioned in winter
and summer by the presence of large areas of q&per within
the delta, as well as by the marine influence. In summer
the humid air crosses the delta as stiff westerly breezes.
They are sensed clearly as far as 12 to 20 miles inland
from the western apex of the delta. This cool flow differs
from the flows that enter the Central Valiey over land sur-
faces to the north and south because it has been affected
by little adiabatic heating and by little admixture with
heated air.15 The winter development of tule or radiation
fog 1is facilitated by the relatively high atmospheric humid-
ity.

Killing frosts may be expected to set in between

November 28 and December 10; the last frosts for the season

14"Climates of California,” University of California
Publications in Geography, II (Oct.”1926), p. B1.

15Horace R. Byers, "Summer Sea Fogs of the Central
California Coast,” University of Celifornia Publications in

Geography, III:5 (1930), p. 307.




61

generally occur between February 6 and 18. January temper-
atures average near 45°F., and July temperatures average
around 75°F. Minimal readings of l3°F. to l7°F. are
recorded, and maxima of 110°F. to 114°F. can be expected.16

Precipitation amounts vary in the different parts of
the delta. In the lee of the Mount Diabio Range about 10
inches of rain falls. The average precipitation increases
generally from there to the north and northeast. (Map 10,
p. 62, shows the distribution of seasonal precipitation.)17
Cyclonic winter rains account for most of the delta record,
about 57 per cent of annual averages falling in the period
December through February, and about 82 per cent Ncvember
through March. (Table 1, p. 63, gives the mean monthly dis-
tribution of precipitation for the delta.)

Precipltation in the delta has not been as significant
a factor in natural cover development as have been the preva-
lence of high water tables and the frequency of floods. The
character of the water levels has resulted from Central
Valley runoff and tidal fluctuations. Neither is rainfail
the critical factor in the growing of winter field crops
that it is elsewhere in California; there always is seepage

from local waterways to make up for any shortcoming in delta

16c1imate and Man, USDA, Yearbook of Agriculture
(Washington: 19%1), pp. 783, 786, 787.

17san Joagquin Ccunty Investigation, Plate 3, 1is the
Source for the map,
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TARLE 1

MEAN MONTHLY DISTRIBUTION OF PRECIPITATION
STOCKTON, 1867-68 THROUGH 1951-52¢

Month Precipitation

Per Cent of

Inches Seasonal Total
January 2.93 20.8
February 2443 17.3
March 2.06 14,6
April 1.03 T3
May 0.56 4.0
-June 0.11 0.8
July 0.00 0.0
August C.021 C.0
September 0.28 1.6
October 0.6 k.8
November 1.41 10.0
December 2.65 18.8
Total 14,10 100.0

4Precipitation varies from less
than 50 per cent to over 200 per cent of
the seasonal mean. DWR Bull. No. 11,
pp. 27, 2€.
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rainfall. Irrigation needs are met from runoff delivered by
Central Valley river systems. In one respect, the amount of
winter precipitation is important to delta farmers because

cf Iis leaching effect upon the salts which have accunulated

in the so0il as a result of cultural practices.

Delta Soils

Soils in the lower Sacramento and San Joaquin valleys
belong to the basin, alluvial, and terrace series. Delta
soils are predominantly basin types. although alluvial
series occur on the natural levees. The basin soils have
been subjected to frequent and prolonged flooding and are
organic or mineral-organic in type. Even the fine-textured
alluvial soils contain higher percentages of organic remains
than do their valley plains equivalents. Delta soils range
from slightly acid for the organic basin series to neutral
with calcareous subsoil for the mineral series of the natural

levees.18

18The entire soills discussion is based primarily on
Cosby, Soll Survey . . . . Other works consulted, some of
which are cited in the text, are: Soil Survey of the Dixon
Area, California /hereinafter the name Callfornia will be
omitted from tTitles cited in footnotes when it is deemed
superfluous for this dissertation/, by S. W. Cosby and E. J.
Carpenter, USDA, Bur. of Chemistry and Soils, in coopera-
tion with the Univ. of Ccalirf. Agricultural Experiment Sta-
tion, Serles 1931, No. 7 (Washington: 1935); Soil Survey
of the Lodi Area, by S. W. Cosby and E. J. Carpenter, USDA,
Bur. of Chemistry and Solls, in cooperation with the Univ.
of Calif. Agric. Exper. Sta., Series 1932, No. 14 (wWashing-
ton: 1937); Soil Survey of the Suisun Area, by E. J. Car-
penter and S. W. Cosby, USDA, Bur. of Chemistry and Soils,
in cooperation with the Univ. of Calif. Agric. Exper. Sta.,
Series 1930, No. 18 (Washington: 1930); Soil Survey of
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The high water table in the delta fostered grewth of
hydrophytic cover and enabled plant remains to accumulate as
a column of peat, the parent material from which basin soils
are derived. Weathering of the peat, a continuing process,
has prcduced organic soil series which are differentiated on

the basis of degree of alteration.19

(o)

The development of soils from peat cccurred after
reclamation. With the removal of water from the swamp, oxi-
dation and other subaerial processes of soil formation could
function. The rate of organic matter disintegration is

accelerated by soil burning, cultivation, and manipulation

Contra Costa County, by E. J. Carpenter and S. W. Cosby,
USDA, Bur. of Chemistry and Soils, in cooperation with the
Univ. of Calif. Agric. Exper. Sta., Series 1933, No. 26
(Washington: 1939); Soii Survey of the Sacramento Area, by
Ralph C. Cole, USDA, Soil Conservation Service, in coopera-
tilon with the Univ. of Calif. Agric. Exper. Sta., Series
1941, No. 11 (washington: 1954); Soil Survey of the Tracy
Area, by Ralph C. Cole et al., USDA, Bur. of Plant Industry,
Soils, and Agricultural Engineering and Soil Conservation
Service, in cooperation with the Univ. of Calif. Agric.
bxper. Sta., Series 1938, No. 5 (Washington: 1943); Soil Sur-
vey of the Woodland Area, by C. W. Mann et al., USDA, Bur. of
Solls (Washington: 1911); Soil Survey of the Stockton Area,
by John L. Retzer et al., USDA, Agricultural Research Admin-
istration, Bur. of Plant Industry, Soils, and Agricultural
Enginesring, in cooperation with the Univ. of Calif, Agric.
Expov, [ va., Series 1939, No. 10 (Washington: 1951); Soils

of .acrawenic County, by Walter W. Weilr, Univ. of Calir.
Agric. E» ¢r. 3ta., Div. of Soils (Berkeley: 1950); Soils of
San Joaquin (vunty, by Walter W. Weir, Univ. of Calif. Agric,
Exper. Sta., Div, of Soils (Berkeley: 1952).

19The genetic classification of peat soils, a depar-
ture from the then accepted practice of soil grouping, was
introduced by the pedologist Stanley W. Cosby who substan-
tiated his approach by work in the delta. Cosby, "The cali-
fornla Peat Lands" (Seminar Report, Soil Technology 104,
University of California, Oct, 18, 1934); "Peat Soils of
California” (MS, Nov. 21, 1934; in Cosby's files).
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of field water tables. Bdth the burning and sub-irrigation
result in an accumulation of mineral salts near the soil

B

surface. Collectively, the culiuaral ristusnoineszs o7 the

I ]
gt

soll and the fliuctuation of water lewvwels ee- the aptl
profiles youthf'ul.20

Alluvial solls were developed on the natural levees
prior to reclamation, but superimposiﬁiol of alluvial mate-
rial upon backsWamp peats, as happened along the Sacramento
after the 1850's, is in large measure attributable to the
gold-mining debris and eroded levee materials. Soil oxida-
tion alsd increased the volumetric mineral content of soils.
In either the case of debris deposition or oxidation it is
apparent that soil development in the delta is a by-product
of culturai activity. Even wind erosion, a factor of some

importance in delta soil formation, was insignificant until

after reclamation.
Delta Soil Classification

Delta soils, which range in composition from predcmi-
nantly organic through predominantly mineral, are classified
into organic, mineral-organic, and mineral series (see
Map 11, p. 67). Although they differ from one another
physically, and although there is scme variation in their
Suitability for particular crops, the delta soils are dis-

tinguishable as a group from the valley plains soils.

20Dachnowski-Stokes, loc. cit.
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The organic soils, called the Roberts Family by
Cosby,el have as their least altered component the areally
unimportant Correra peat., Also resting on virgin subsoil
is the finer textured, partly altered Venice peaty muck. A
further stage in alteration of organic raw material is recbé-
nized as Staten peaty muck, which gives evidence of some sub-
s0il decomposition. Marked alteration of topsoil and subsoil
and the admixture of some alluvial strata distinguish the
Egbert soils. These, like Staten, Venice, and Correra soils,
occupy naturally undrained areas at or very near sea level.

A 1little higher, Roberts muck is found. It has a mineralized
surface soll; moreover, soil-forming processes have pene-
trated into the underiying mineral substratum. Burns and
Piper soils have had their surface horizons so altered that
the organic matter almost has been destroyed; subsoils are
modified.

The Ryde mineral-organic family of soils evolved on
levee backslopes and on the banks of small slouzhs. Their
position is intermediate between the organic soils of former
backswamps and the mineral soils of natural levees. The
composition of Ryde soils reflects exposure to alternate
accumulations of alluvial and organic materials. The Burns
and Piper series are similar in composition to the Ryde
soils.

Columbia, Sacramento, and Ramada soils are mineral.

The first are the principul natural levee and ridge soils.

EICosby, "Peat Soils of California," p. 11,
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The Sacramento soils developed in backswamp areas where tur-
bid flood water deposited a fine-textured overlay of alluvium.
The Ramada soils are grouped with the Columbia and Sacramento
soils which théy overlie. These reddisn or yellow-reddish-
brown soils are described fax tha Ean-Jﬁ”quig levees south of
Rough and Ready Island. They may be derived from material
transported to the delta during the period of placer mining

in the Sierra Nevada foothills.22
Organic Soils

Parcels of the practically unaltered Correra peat
are small and widely distributed. They lie as unreclaimed
Swamp in channels and in reclaimed tracts. The dark,
coarse, fibrous material is 80 per cent orzganic. Tule
remalns predominate in the upper three feet of the peat,
but fibrous reed remnants comprise the bulk of the "buck-
skin” material beneath.23

Successive developmental stages from the virginvpeat
are the Venice, Staten, Egbert, and Roberts series. The
first two series are centrally located; the Egbert and
Roberts series are peripheral. These acid soils are about
40 to 50 per cent organic in content. Their capacity for

moisture retention is high; their permeable nature permits

22Retzer et al., op. cit., pp. 76, 103.

23003by, Soil Survey . . . , pe. 17; DWR Bull. No. 23,

p. 361.
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water to move laterally and downward with ease. But. the
soils have a low capillarity and are drought-susceptible when
ground-water levels are lower than three feet from the soil
surface.24 When dry, the surface materials are prone to wind
erosion. Subsoill rests on the massive and comparaéively
impervious light gray or light bluish-gray mineral substratum
of the delta.

Broadly, the proportion of organic matter in the basin
solls decreases as island or delta margins are approached.
The nature of alluvial deposition and mineralization of soils
through oxidation, and the narrow vertical development of
peat that occurs toward the delta periphery, both are respon-
sible for the phenomenon. Although all of the organic soils
are undergoing alteration, it is in the shallow Egbert series
that change is most noticeable. The areas of this series
mapped for the Cache Slough vicini‘cy'?5 20 years ago now con-
tain only 6 to 8 per cent organic matter. Thé shallow=-phase
Egbert series, which occuples a zone between Staten and
Rough and Ready islands, along the eastern side of the delta,
has been altered so much that prechably not more than 25 per

cent of the mapped area could now bLe considered organic.26

2l‘Dachnowski—Stokes, loc. cit.; Cosby, Soil Survey
+ s e+ 5 PP. 17-23; Carpenter and Cosby, Soil Survey of Contra
Costa County, pp. 37, 42.

‘5Hastings and Egbert tracts and Liberty and Prospect
islands.

2GInformation obtained in correspondence with Alan
Carlton, Coordinator, Univ. of Calif. Peat Soil Conservation
and Dust Abatement, May 2 and 21, 1957.
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There have been comparable changes to the south, where Burns
and Sacramento soils adJjoin, and to the north, where Ryde and

Sacramento soils merge with the Egbert series.
Mineral-organic Soils

The mapped mineral-organic soils contain up to 30 per
cent organic matter. Among these soils the Ryde series is
areally the most important. Burns and Piper series are
highly localized.

Ryde soils were ildentified with the Sacramento series
in early studies.27 They are loose and permezble soils which
evolved at elevations and locations intermediate to the min-
eral and the organic soils. As a rule, the Ryde soils
abruptly overlie organic materials which are classified in
the Egbert series.28 The nature and location of this series
suggest plant accumulation and overflow deposition.,

Burns clay loam 1is a low ridge and minor elevation
soll of about 20 per cent organic content, well decomposed;
it is found chiefly in the San Joaquin portion of the delta.
Cosby reports an original covering of peat. The well-drained
situation of this series, plus its reduced organic aontent,
suggest a grouping with the Ryde series as a transitional

29

soil between the mineral and organic series.

2TRetzer et al., op. cit,, p. 81.

28Cosby, Soll Survey . . . , p. 27.
29

Ibid., pp. 23-25; Cole, op. cit., p. 27.
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Piper solls are associated with low sandy mounds and
ridges that "have a roughly aeclian configuration and appear
to represent a comparatlively recent emergence of dunes and
similar wind-modified bodies of sands . . . .”30 Upper zones
of the pervious and loose soils show an organic content of
less than 15 per cent. The presence of soluble salts and a
relatively low water-holding capaclty reduce their attrac-
tion for cultivation, but the elevation of these pieces of

land has made them attractive for barn and house sites.
Mineral Soils

The mineral soils of the delta, the azonal Columbia
and Sacramento series, are water-deposited,31 They are the
natural levee and basin margin soils upon which the first
white settlers of the delta gardened.

Columbia soills are light to medium textured, loose,
and permeable. They contain moderate quantities of organic
matter (less than 5 per cent) and in reaction are neutral to
slightly acid. Along the rivers they genier=1ly rest upon
mineral substrata; some areas of the serie: represent man-
tles of alluvium which have buried organic soil and the
other mineral series. The evidence 1is quite strong that

the Columbia soils are recent in development and probably

30cosby, Soil Survey . . . , p. 25.

31The Ramada series, sometimes classified as Columbia
soils, are so mapped and discussed here.
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take much of their mineral character from transported hydrau-

32

lic mining waste. Brannan, Sherman, and Grand islands
exhibit particularly extensive distributions of the soils,

a result of Yolo Basin water, the constricted river channel,
and of breached artificial levees.

Thz Sacramento soils are fine-textured and somewhat
bumpy or cloddy. Members of the series occurring in the
delta differ from their counterparts elsewhere in California
in that they contain more organic material and are more acid
in reaction. These slightly basic or neutral soils contain
about 10 per cent of well-decomposed organic material. ©On
the delta periphery these basin soils are transitional
between organic and valley plains soils., Where marginal to
the plains they are better suited to pasture and small
grain; where there is a gradation into a more organic mate-
rial the Sécramento series are suitable for a wide variety
of field crops.

Experience of settlers with the Sacramento series
began along the Sacramento at and above Grand Island, where
garden and general farming‘had an early start. At least one
contemporary recognized in 1860 that the "tule" east of the
river was being transformed rapidly from "muck-beds" to
alluvial bottoms by an annual deposition of "slum” trans-

2
ported from the mining districts.“3

321b1g ; ;
+01d., pp. 35-37; Cole, op. cit., p. 30; Cole et
al., OD. cit.,,p. 64, ’ ’ ’ ’ —

33F /Wilson Flint7, "Reclamation of Tule Lands, " The
California Culturist, ITI (Sept. 1860), p. 111.
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Soil Conservation

Although periodic alluviation occurred on reclaimed
lands, the more widespread and persistent form of soil and
topographic alteration was and is subsidence. Almost from
the earliest attempts at reclamation, settlers recognized
that levees and soils lost volume with time. Oxidation and
wind erosion, particularly, and shrinkage and compaction are
involved in the subsidence (see Plate IX, p. 75). Dissipa-
tlon of the organic matter is an especially serious situation
because the parent material, peat, is a non-regenerative
resource. Assuming no public aid, it is conceivable that
the exhausting peat will cause land to subside to the point
where drainage and levee maintenance costs will make con-
tinued operations impracticable.

The first methodical investigations of subsidence
were undertaken in 1922. Lower Jcnes Tract and Bacon and
Mildred 1slands were selected to test the prevalling beliefs
that compaction by heavy farm equipment was a cause of sub-
sidence and that the rate of compaction decreased with
time.34

The study revealed that compaction and shrinkage were
minor factors in subsidence. Sinking of the land was dis-
covered to be inversely related to time elapsed since recla-

mation was first undertaken. The newest land subsided most.

Hyaiter w. Weir, "Subsidence of Peat Lands of the
acramento-San Joaquin Delta, California,” Hilgardia, XX
June 1950), pp. 43-4k,

(
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By 1848, when the three tracts were depressed to between 10
and 11 feet below sea level, the area as a whole was measu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>